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Oral evidence

Taken before the Science and Technology Committee

on Wednesday 6 December 2006

Members present:

Mr Phil Willis, in the Chair

Adam Afriyie Graham Stringer
Dr Brian Iddon Dr Desmond Turner
Bob Spink

Witnesses: Mr Colin Paynter, Managing Director, EADS Astrium Ltd; Mr Stuart Martin, Business
Director, Space and Satcoms, LogicaCMG; Mr David Williams, Chief Executive, Avanti; and Sir Martin
Sweeting, Chief Executive, Surrey Satellite Technology Limited, gave evidence.

Q1 Chairman: Good morning and could I welcome
our first panel this morning on what is the first oral
session of our inquiry into Britain’s space policy,
and a particularly warm welcome to Colin Paynter,
the Managing Director of EADS Astrium, Stuart
Martin, the Business Director of LogicaCMG,
DavidWilliams, the CEO of Avanti, and last, but by
no means least, Sir Martin Sweeting, the CEO of
Surrey Satellite Technology Limited. I wonder if we
could ask you,Martin, if youwould chair your panel
and, in case there are any problems with our
colleagues, you can be the arbiter and make sure
they are kept in good order. We are being televised
this morning and this programme will be beamed
out across the world on satellite television! Could I
also welcome our guests this morning. Could I start
perhaps with you, Colin, and ask the same question
also to you, Martin. We have read the Case4Space
and it is a very, very impressive document indeed
and we are also having some work done on the
background to that, looking at some of the
assertions within the document, as you would expect
us to do as a committee. It does seem as if the UK
space industry is a thriving set of organisations and
we are asking the question, therefore, why do you
need investment from the Government?
Mr Paynter: Well, the Government invests in a
number of areas of space, as you know, certainly to
support world-class solar system earth observation
science and also to provide infrastructure which
enhances the UK. Both of those aVect industry and
support industry, but in terms of the wealth-creation
aspects, which I think is the point of your question,
what the UK has to do, it cannot be a low-cost
environment, it cannot pursue the low-cost solution,
it has to be at the leading edge; it has to do diYcult
things. We are looking to the Government to
support, through R&T, the very early stages of
that technology development which creates the
environment for wealth to be created. It is because it
is right at the leading edge each time we tackle a new
type of technology that we can actually oVer the
diVerentiation to other UK companies, whether it is
services or application-providers, and wealth can be
significantly created. I think figures have shown
that investment returns of seven or 10 to one can
be achieved with relatively small seedcorn R&T
investment.

Q2 Chairman: But the question that we find diYcult
to get an answer to is: if it is so successful, why will
the markets not actually provide those resources?
Why are you diVerent from any other area of British
industry?
Mr Paynter: There are a number of factors, I think,
here. Leading-edge satellite technology is inherently
risky and takes a longer lead-time tomarket and part
of that is that you have to have a maturity in that
development before it is launched and, unlike
standard software or anything like that, we cannot
update it as readily because, once launched,
obviously it is very diYcult to alter. The other issue
is it is quite a wide-ranging market, so the wealth-
creation aspects are quite often a long way away
from that initial R&D, so if I give the example of
navigation, the real wealth-creation in navigation
is small- and medium-sized companies creating
applications from the infrastructure thatGalileo will
produce and that is quite a long way from the initial
R&D investment by theGovernment or by ourselves
in the upstream industry. Also I think there is
recognition and that other countries recognise the
importance now of satellite R&D in particular to
wealth-creation and are investing in R&D, so there
is a level playing field eVect here. Government
involvement really does drive up the capital market
confidence so that they can invest and I think
HYLAS is a very good example which David
Williams will cover later, so it is that confidence in
risk-reduction which is also very important.

Q3 Chairman: Martin, would you add anything to
that?
Sir Martin Sweeting: I think Colin has listed the
main points. I think one can summarise it by saying
that space is a driver of technology and it has been
very successful, but it has been based on a fairly thin
investment in science and technology with regard to
space and, therefore, we are not capitalising fully on
the opportunities that we see. Because of the very
long-term nature and, to an extent, high risk over
that lengthy investment cycle, the UK would
stand to benefit much more strongly if it could
capitalise on these opportunities through a stronger
programme.
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Q4 Chairman: But is it not the Government’s job to
actually invest in the basic science, the basic
technology, the blue-skies research, rather than try
to best-guess what the market needs in order to
deliver a return on investment?
Sir Martin Sweeting: I do not think we are looking
to theGovernment to second-guess or best-guess the
market at all. What we are looking for is to build up
the fundamental technology base which comes from
science, but then develop the science through
technology in order that it provides the tools for the
market then to grow. By having a strong technology
base, we are then, as a nation, able to capitalise on
the opportunities. Without that investment, which
of course is also done by industry, it is not done
solely by the Government, industry invests very
strongly in the R&D base, by having those two
together, we can then have a strong foundation or
platform from which the country can then respond
to the opportunities to a far greater extent than it has
so far.

Q5 Chairman: For how long do you think the
industry will continue to need that seedcorn funding
from the Government?
Sir Martin Sweeting: I think it is an ongoing process
because technology is moving—

Q6 Chairman: So it will never stop?
Sir Martin Sweeting:—and markets are developing,
so this is part of the infrastructure that is required.

Q7 Adam Afriyie: If each of you had a choice over
which project should enjoy the highest level of
funding at the moment from the Government, and
there are four or five key projects going on at the
moment, where would each of you suggest that the
Government provided that seedcorn finance or key
finance because I am sure for each of you it may be
marginally diVerent in terms of your own focus?
Mr Williams: That is a diYcult question because
there are projects that the industry is engaging in
which have got very strong social or environmental
benefits, but space technology is a great driver of
social change, in my opinion, and it is very diYcult
to put a price on the value contributed by systems
whichwarn emerging nations of impending disasters
or which address our environmental issues. There
are projects which will result, like Galileo, for
example, in very strong revenues inbound into this
country and the creation of technology clustering in
this country if we take a lead in it. It is very diYcult
for me to say which one is more important, the one
which produces the bucks today or the one that stops
the rain tomorrow, I do not know. I would probably
plump for Galileo because I think the money today
gives us flexibility to do other things.

Q8AdamAfriyie:Martin, obviously you have a keen
interest in smaller satellite technology. Is yours a
similar view, would it be Galileo in terms of your
own particular circumstances?
SirMartin Sweeting: I think it really depends on how
far out you look. As you said in your statement,
there are a number of strands and you could argue

for any one of those as being important and it is
rather diYcult to pull out one of those as being
overwhelming. I thinkwhat we need to do is tomake
sure in fact that we do not necessarily just focus
on one opportunity because it is not clear yet which
of those is going to be in the best long-term interests.
We have clearly GMES for the environment
essentially, we have navigation, we have
communications as being very-well established, but
we also should be looking, I think, further afield for
the exploitation of activities beyond orbit, not
necessarily manned activities, but the exploitation
later on of some inter-planetary activities. These are
all on diVerent horizons with diVerent risks and we
need to move ahead balanced across those.
MrMartin: I would agreewith whatDavid said, that
it is very diYcult to compare the programmes that
we are talking about now as being the key choices for
government investment, but one thing I think we
need to do is maintain investment and development
in the core generic-type technologies which will be
important when the next series of programmes
comes up in enabling the UK to take the leading
role in those programmes if we have that bedrock
of investment in the underlying technologies
beforehand.
Mr Paynter: I will not repeat the answers that other
people have given. The facts in the UK are that 80%
of the industry and perhaps more of the wealth-
creation is locked into telecoms research and
development leading to wealth-creation. I think that
will be balanced more in the future as really the
applications of Galileo come on side, so if we are
looking at wealth-creation rather than science
benefits at the moment, then clearly telecoms and
Galileo stand high in my measure.

Q9 Adam Afriyie: To Martin and David really, are
there diVerent demands or diVerent challenges for
small- and medium-sized enterprises in terms of
benefiting from space investment compared to larger
corporations?
Mr Williams: Yes, I think there are. The large
proportion of wealth generated in the UK is
generated by medium-sized and small-sized
companies. Traditionally, it has not been possible
for small companies to play a big role in the space
industry. Martin’s company is larger than mine, but
we are both classified as small- and medium-sized
companies and, in our own ways, we are both
leading the world.We have bothmanaged to do that
as a result of extraordinary partnerships between the
Government, industry, commerce and finance and
that really is the essence of what I think is the most
important answer that can come out of today which
is that we do have a world-beating industry. We do
not have many of them in the UK, possibly three or
four, but in areas of space technology we are
genuinely world-beaters and we do not have to
remain world-beaters, we do not have to carry on
doing things the same way, but we have got an
opportunity to get better at it.We have got ourselves
into this position by pooling the resources that we
have got. Government is very good engaging in
space projects in the UK or it certainly has been in
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the last seven or eight years and there are some key
individuals inside the DTI, for example, who have
pushed that forward. We have the world’s most
innovative capital markets for space finance, we
have the world’s best insurance market and we have
some of the world’s best technology brains.What we
have been able to do in the last few years is to pull
together these diVerent sectors of the economy and
the space economy specifically to extract maximum
value from everyone’s particular skills. It is a bit like
why the England rugby team is playing badly at the
moment, that they have got the right players, but
they are not coaching them in the rightway.We have
been coached very well over the last few years andwe
have managed to accelerate, as a result of team
work, the deployment of very blue-skies technology
from the lab into the commercial service in a short
number of years and that is our advantage. Our
advantage is speed. Now, if we are able to do that,
then small companies can leverage the skillsets of
large companies of Astrium and Logica and
government support in the capital markets which
results in quite extraordinary things, small
companies taking a lead in the space industry.

Q10 Adam Afriyie: One big concern I have is that I
have been to two Case4Space presentations and my
background is in business for 15 years and I have to
say that I am not entirely convinced that the case has
been made for further government investment. I
have not been convinced yet that there is a very
strong case for further or additional government
investment of seedcorn finance in the space industry.
Why? Because of all the things you have been saying
now which is that it is a great industry, it has a great
return, people do wonderful things in the medium
term and the long term, it creates jobs and that it
makes profits. Under those circumstances, surely the
private finance industry, venture capitalists and
longer-term pension funds would wish to invest in
such a great opportunity, so why the Government
at all?
Mr Williams: I have an answer to that. I was a
banker for 10 years, so I have been on both sides of
the fence, and Colin referred to this at the start. In
the UK we cannot compete on the low-cost things
anymore. The Chinese and the Indians particularly
have accelerated the development of their own space
industries and there are elements of the space
industry which are low cost and are becoming
commoditised. There is always technology further
down the development curve which becomes
commoditised and can be done cheaply by other
people.We are never going to compete there because
our labour rates are just too high and the vast
majority of space manufacturing cost really is
labour, so if we want to remain in the development
and manufacture of space technology, we do not
have to, but if we want to remain there, we have to
be at the cutting edge. Now, if you are going to be at
the cutting edge, you have got to make sure that you
are extracting benefits as quickly as possible. There
is no point developing very clever technology, but
taking a long time about it because, if you do take a
long time, by the time you have got it into themarket

for the first time, the Chinese and the Indians have
caught up, so what we have been able to do is to
collapse the timescale from lab to market from
about seven years, which is what it normally takes to
get a new technology into space, to three years. We
have done that by using the Government, the City,
industry and commerce to each take a diVerent
piece of risk in relation to the development of one
project and, rather than those risk elements being
implemented sequentially, we have done it all at
once.

Q11 Chairman: I just want to intervene at this
particular point because what you are describing,
and in fact you said in the Case4Space, is that
“Government intervention remains essential to
share the technology risk which industry and the
capital markets find it diYcult to absorb in the
current conditions of market failure”. You are
describingmarket failure in actual fact, so would the
Government not be better addressing the issue of
why the market fails to be able to deliver that speed
of technology from the lab to application rather than
investing in the industry?
Mr Williams: I think the Government is addressing
that. I do not think you are going to hold back the
tide of investor sentiment. It was very diYcult for me
in the early days to persuade venture capitalists that
they should be investing in technology that was on
a drawing board and fundamentally unproven. My
market risks are big enough, but actually being the
first guy to buy the piece of technology is something
that commercial investors are just not really set up
to do in most industries, let alone the space industry
where the available skillset of investors is very, very
narrow, so what we have managed to do is to get the
Government to take out some of that blue-skies risk.
Inmy own problem, it was not just themoney, it was
the fact that the European Space Agency and the
experts of the British National Space Centre, for
example, had put their imprimatur of quality on to
the technology that I was buying that got the capital
markets interested and we managed to leverage the
government investment two thirds and, as a result,
we have deployed technology which hopefully
Astrium will sell many more times.

Q12 Adam Afriyie: The Government has been
investing to a certain degree in obviously basic
research as well as in certain projects and there is a
certain amount at the ESA. What opportunities, so
looking back over the last 20 or 30 years, have we
missed out on with the lack of government
investment? It seems to me that perhaps the level of
investment is about right.
Mr Paynter: This is a really diYcult question to
answer looking back over 30 years. I think we sit at
present at about 7.3% market share in a very
significant, growingmarket. If the investment profile
had been twice as much as it has been over the last
10 years, I thinkwewould have seen us sitting at 15%
in that very growing market. Our industry has
grown 10% each year in the last four years and that is
based upon some sound decisions thatwe havemade
and the Government has made in terms of
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technology and research. I thinkwewould have been
in an absolute world-leading position, particularly
in satcoms, and we would have increased
significantly our market share.

Q13 Graham Stringer: I would just like to return to
the question about why is there a sustained need for
government investment. I think you have answered
quite adequately as to what has happened, but, as
the industry gets more successful, are the capital
markets not likely to say, “This is somewhere where
we will invest in the future”? I do not understand
why you think that will not happen.
Mr Williams: Capital markets do not like large
amounts of speculative R&D. If you are a big fund
manager, you are sitting at your desk thinking,
“What percentage return am I showing my investors
today?” What they care about is cashflow, they care
about today’s profits. It is a refrain that I was
reading about when I studied economics in the
1980s, that we have got this tradition of being short-
termist, but that is just the way of the world. The
people who deploy capital want to see returns today
and they would far rather see some cash today than
highly speculative returns in the future which is what
makes space a diYcult business. Now, that is why
governments around the world take a very active
role in investing in blue-skies space technology; it is
the way it happens around the world. We have great
successes in the UK in the last six or seven years by
getting the Government to take some of that blue-
skies risk and then putting the muscle of the capital
markets and industry behind it, but if there is not
someone there to take the first risk, I do not think
that the capital markets will step up to that plate.

Q14 Graham Stringer: And you do not see that
changing at any time in the future?
Mr Williams: No, because we have to maintain a
continual lead of three or four years over economies
like China or India. They do the commodity things,
the cheap things very well. If we are not continually
developing brand-new technology, they will
overtake us and the industry will go elsewhere and to
an extent, as a satellite operator, I do not care. If I
can buy cheap, fabulous technology in India or
China, I will, but I do believe that there is a strong
benefit to be had from clustering both service and
manufacturing operations in the UK, keeping
brains, skills and technology in one country. As a
government and as an economy, that matters a lot
more than it matters to me as an operator.

Q15 Graham Stringer: I am not sure if this is a
question that can be answered, but would all the
things you are saying not apply to the drugs
industry?
Mr Williams: I think to an extent yes, they do.

Q16 Graham Stringer: But they are not coming for
government handouts, are they, so why is your
industry diVerent?
Mr Williams: Well, the biotechnology industry, I
think, it applies to and there is vast investment from
the Government going into biotech. The drugs

industry is very large and very global compared with
space, so there is probably a greater understanding
of what R&D means in drugs than there is in space.
Not every country has a space industry, but virtually
every country does have a drugs industry.

Q17 Graham Stringer: Martin, do you have
anything to add?
SirMartin Sweeting:Yes, I would use an example in
my own field of small satellites. In the 1980s, the
research councils invested a small amount of money
into investigating the possibilities of small satellites
at a time when satellites were getting bigger and
bigger and small satellites were considered, at the
very best, a mild form of lunacy, so that investment

3of about £ million over a period of 15 or more years4

has created a new small satellite industry which is
now within the UK generating something in the
region of about £120million in exports, but it was 15
years and it was an investment into a topic which at
the time seemed to be going totally in the diVerent
direction from the established field. It is only the
Government really that has the opportunity to
provide that initial seedcorn to try to de-risk it to the
level where 10 years later, possibly then, the financial
markets and the market itself start to take over
because it is really a very long cycle in those climates.

Q18 Chairman:You will appreciate that this is a key
area for the Committee because I think it is one of
the very, very key issues in your Case4Space and it
is important that we actually examine that. Could I
move on toARTES and ask, Colin, what discussions
you have had with the Government regarding the
investment in ARTES?
Mr Paynter: ARTES is the only advanced research
and technology money coming into satellite
telecoms. In previous years, it has been an
investment broadly running at about £20 million per
year, but at the last ESAministerial conference, that
was reduced to £8 million a year. I have not received
really an adequate explanation of that, apart from
general priorities and other issues. That, I think, was
very disappointing to me because it is an area that
has shown tremendous return and all the indications
are that there could be really strong wealth-creation
returns in the future. I have asked the Government
to not only recover the situation, but actually to
increase funding to £30 million a year so that we
can grow our market share in the UK and create
wealth in the UK in the years to come and that is
under consideration at the present time in the
Government’s Spending Review.

Q19Chairman:Whydid you come upwith the figure
of £30 million?
Mr Paynter: Well, we looked at what spend
profile we would look at and what technology
developments we would see emerging which would
keep us at the leading edge and drive us forward over
the next five years.Working back from that analysis,
we looked at a figure of approximately £30 million
allowing us to do that and to grow the UK market
share in satcoms around the world.
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Q20 Chairman: But the first phase of ARTES
from 2001 onwards was four-, five- or six-year
programmes intoARTES 1, 2 or 3. According to our
information, the first phase of those programmes
has come to an end and what the Government is
doing is actually investing in the next phase of
ARTES. If they are not investing there, to your
knowledge, are they investing in some other
programme as part of the ESA programme, or do
you see this as a cut?
Mr Paynter: Yes, I see this as a cut.

Q21 Chairman: The point I am trying to make very
badly is: is this a cut or is it a displacement
somewhere else within the space industry?
Mr Paynter: I see this as a cut, as a priority call
on overall government spending, rather than a
reprioritisation in the space spend.

Q22 Chairman: David, Avanti are quite happy to
settle for a significantly lower figure. Why?
Mr Williams: I am not sure if we are. In our
evidence, we said that the ARTES contribution
should be at leastƒ40 million. Avanti is not going to
be seeking any more R&D support itself from the
ARTES budget for the foreseeable future because
the success of our HYLAS programme has now de-
risked our technology to the extent that the capital
markets are more than happy to invest as much
money as I need to do the things that I want, but I
do not think I should say, “Thank you very much,
job done”. I think it is possible that there might be
more Avantis in the future, there might be more
innovative technologies that change the way that
people do things in space that we have not thought
of yet.My own example shows that, a bit likeMartin
15 years ago, a tiny amount of ARTES funding eight
or nine years ago resulted in the creation of a
company whose forecast revenues over the next 15
years are £600 million based on just a first satellite,
so the return on investment that the Government
will see from the HYLAS programme will be
enormous. I think we should keep doing the things
that are successful and if it is working, keep doing it,
so I think in our response we broadly mirrored the
Case4Space recommendation regarding ARTES
funding.

Q23 Chairman: Stuart, we have hardly spoken to
you this morning, my apologies for that, but could
you perhaps explain how the UK Government’s
input to ARTES controls the level of overall funding
for industry? I do not understand that.
Mr Martin: I am not sure that I am quite the right
person to answer this one.
Mr Paynter: I do not think it controls it. ARTES as
a programme is a partnership between the
Government and industry and we have matched
funding of £1 for £1, so if the Government invests
£20 million in any one year, then industry will do
the same.

Q24 Chairman:Why could you not invest £2 for £1?
Mr Paynter: The ARTES rules are that, but we do
invest more than that in our business or in our
industry. TheR&D investment is some 12%of direct
turnover, so we are investing six times the national
average anyhow in terms of R&D, so it is a high
R&D area. I think we mentioned earlier on, and
I reiterate it now, that the other issue about
government investment, andDavid gave a very good
example, is that it does allow the capital markets to
have confidence in the area, so one of the important
features of ARTES is that the capital markets
see the Government’s intervention, they see the
Government’s investment and that gives them great
confidence in terms of us being able to draw down
from the capital markets as well, so it is a catalyst in
that regard, but we do invest more than just the
ARTES line, but the ARTES line is really
fundamental to keeping us at the leading edge of that
technology and to share some of the risks that exist
at that leading edge.

Q25 Chairman:Are you happy with the relationship
between ESA, yourselves and the Government on
the ARTES programme? Do you think that works
well?
Mr Paynter: I think we get benefit out of ARTES
being a European programme because we are able to
access and form, which is beneficial sometimes,
clusters at the European level as well as theUK level,
so I think that is helpful, particularly given the high
level of investment in the US, so I think Europe is
able to compensate for that as Europe, whereas the
UK would not be able to just as the UK.

Q26 Chairman: But you do feel that it works
reasonably eVectively?
Mr Paynter: Yes, I do believe it does.
Chairman: That is important.

Q27 Dr Turner: Can we go back to the principle of
risk-sharing or the distribution of risk which you
were talking about. It seems that, on the face of it,
your HYLAS project is a good case example and I
would just like to work through that because I think
it illustrates what has been said before and you set it
out clearly. It is my understanding that the HYLAS
project initially had a fundamental reliance on
funding from the ARTES budget, but that that then
fed through with consequences from private
investors. Could you spell that out?
Mr Williams: HYLAS came about because Europe
identified a problem which is that large percentages
of its population will not be able to access very high-
speed broadband connections. It is now axiomatic in
industry that things like cable and copper, they are
great technologies, but they leave big gaps all over
Europe. Europe decided that that was a problem
that resulted in economic disadvantage to lots of
people and that Europe should try and fix it. There
was a consortium established in another country to
try to address that problem and it was seeking, if I
recall correctly, about ƒ1 billion of European
Commission funding to do it. We identified that
actually there were some skills and some technology
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in the UK which could fix that problem for a tiny
fraction of the cost.We discovered that inside one of
Colin’s facilities there was a piece of technology that
enables one to make massive eYciency gains in
satellite technology for the delivery of broadband
services mainly to rural users. Now, that technology
had not got oV the drawing board, they had not
implemented any of it and it was still theoretical. I
could not raise any money at all from my investors
to even think about deploying it. We were already a
public company at that point on the Stock
Exchange, but my investors just were not interested
in it. ESA saw it as its role to fix European problems
with the use of satellite technology, so when we
talked to ESA they felt this was very naturally in the
sweet spot of what they do. The British Government
wanted to support Astrium’s technology and it felt it
was strategically important that a British company
was seen to be solving a large-scale European
problem, so the British Government, through its
contribution to the ARTES budget, helped us to get
started. We were awarded a contract under ARTES
to cover the R&D phase of the cost of Colin’s very
flexible payload technology which enabled that
technology to get oV the drawing board and to
become real. Now, that enabled Astrium to actually
take some commercial risk on a project that
otherwise they would not have taken a commercial
risk on. Astrium would not normally be expected to
write a commercial contract giving very hard
promises of delivery times and functionality on
technology that is still considered to be very blue-
sky; it is not reasonable to ask a company to do that.
However, because ESA had taken that first piece of
risk, Astrium were willing to step up and give me a
commercial contract which I was able to back, so I
was able to take that contract to my investors and
say, “The technology is blue-sky, but the European
Space Agency and all its clever engineers have pored
all over it and say it is going to work and they are
actually putting their money where their mouth is”.
Astrium, part of EADS, one of the world’s largest
hi-tech technology contractors, is so confident that
this technology is going to work that they have
actually written me a proper commercial contract
whereby they promise to deliver on a given date at a
given price, at which point my investors were
satisfied that the technology would be delivered and
they focused just on the market risk, so, “It is all
right, Avanti. If this technology gets this, which we
believe it will, what is the market? Can you sell the
services?”, and that is the risk that the capital
markets are most comfortable taking. We were able
to completely take the technology risks out of the
equation for them and get the investors to focus on
the market risk which they got very happy with and
they invested themoney. It tookme two days to raise
the rest of the money to fund the programme at a
total cost of ƒ110 million, of which 30 million was
contributed by ARTES, but it was a combination of
the British Government, ESA and Astrium which
had taken away the commercial risk. Now, if it
happened the old-fashioned way, Astrium might
have found a way to spend a little bit of money
developing the technology over two or three

years and it might have persuaded perhaps the
Government or some kind of scientific mission or a
defence mission to fly a piece of the payload risk and
that would take another two or three years. If that
had worked, it might have been in a position to sell
it to a commercial operator seven years later, and we
have done it in three, so the Indians and the Chinese
will not have this technology for at least five or six
years because it will take them that long to copy
what we have done. In the meantime, we will have
launched the first one and hopefully Astrium will
have sold a half a dozen more to other operators
around the world, bringing in a vast amount of
earnings to the UK.

Q28 Dr Turner:Well, that is very interesting. Would
you say that this process which you have gone
through is unique? Could other companies do this?
Could this be a basic pattern of actually using
government money to lever away the risk, the
technology risk?
Mr Williams: I think it is unique to the UK. If we
look at the way that European space projects have
been developed in the past, they have been very
bureaucratic, they have been heavily constrained by
concepts like juste retour and it has been diYcult to
get nations to agree. In the UK, this has happened a
couple of times. It has happened with Inmarsat
where they have developed some very advanced
payload technology and SSTL have done a similar
project, so there has been a trend in the last five or
six years of three of four projects like HYLAS
happening as a result of the co-ordination of the
British Government, manufacturers, commerce and
capital markets.
Sir Martin Sweeting: If I can add to what David
says, another example of that is through the
MOSAIC programme which was funded through
the DTI and the BNSC which essentially took the
technical risk associated with producing small, earth
observation satellites and, through the UK’s
credibility adding in terms of the first satellite into a
constellation, we were then able to leverage that and
get another five countries to join that constellation,
bringing in revenues of about £75million to the UK.
Without that initial seedcorn investment in reducing
the technology risk in the first UK satellite, none of
these other countries would have had the confidence
to join the constellation and hence bring in that
business.

Q29 Dr Turner: So is it fair to conclude that the
public investment, the government investment has
been an absolutely critical component in dealing
with the technology risk, but you also have to be
very careful to avoid getting bogged down in
bureaucracy, otherwise there is no benefit? You have
got to be smart, smart at both things?
Sir Martin Sweeting: I think that is absolutely right
and, as an example, the MOSAIC programme was
very good at not getting bureaucratic tape wrapped
around the opportunity and hence allowing the UK
to make the very most of it and to create something
which actually has not yet been emulated anywhere
else in the world.
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Q30Graham Stringer:Mr Paynter, howmuch of the
£300 million invested in R&D comes from the
industry’s own resources as opposed to external
resources?
Mr Paynter: I think it is approximately 40% from
our own resources and 60% from external funding
and some of that is theGovernment and some of that
is our customers investing in us doing developments
rather than just production, et cetera. I would have
to go back and look at the precise figures, but I think
it is broadly that.

Q31Graham Stringer:Do you envisage that balance
remaining the same?
Mr Paynter: I think it can change by 5 or 10%, but
I would not see it changing dramatically because, as
I said before, where the wealth-creation is actually
occurring in the downstream industry, the wealth-
creation does not occur to that level in the upstream
industry and, therefore, given the sort of profit
balance, the upstream industry is somewhat
constrained in terms of itsR&Dspend, so it will look
to downstream entities to fund some of the
development of the upstream technology and, as I
say, it looks to partner with the Government to do
very early on leading-edge technology development.

Q32 Graham Stringer: That leads on nicely to the
question I was going to ask Mr Martin. Why are
most of Logica’s upstreamR&Dactivities externally
funded and who do you look to for that external
funding?
Mr Martin: Most of what we do within the space
sector, the upstream sector, is on the development
side of R&D, so we have specifications for systems
that do not exist yet and we just design them and
build them as part of those contracts with the
European Space Agency. That is what we mean by
most of our R&D spending for customers from
organisations like Astrium on the Skynet 5
programme, like ESA on programmes like Galileo
and Aurora and Exomars, these kinds of
programmes.

Q33 Graham Stringer:What areas in the UK’s skills
base within the industry need improvement?
MrMartin:Within the space sector, I thinkwe suVer
from the same diYculties as other high-technology
sectors in the industrial skills base. We are looking
to recruit and we always look to recruit students
from the top end of the engineering and science
schools, so across those sectors we are having the
same diYculties as everybody else.

Q34 Graham Stringer: Could you be slightly more
specific than that?
Mr Martin: At LogicaCMG, probably half our
students are computer science graduates, half of
our intake in the space sector are physicists,
mathematicians, engineers, people with specific
skills in numerical disciplines, many of them with
higher degrees in space science or satellite
communications, satellite navigation, these kinds of
areas. I think wementioned in theCase4Space paper
that within the space sector as a whole 60% of our

workforce are graduates or higher and within
LogicaCMG all our workforce are graduates or
higher, so those are the issues we face.

Q35 Chairman:Do you struggle to get the right level
of employees with the right skillsets? Is this a major
issue for you?
SirMartin Sweeting:When I say that it is a struggle,
we work hard at it and we tend to recruit not just of
course from the UK, but worldwide and we see
diVering skills coming from diVerent nationalities,
diVerent problem-solving skills, diVerent numerical
and mathematical skills and perhaps diVerent
practical skills, so we draw from quite a wide range
and I think that is critical, but it is quite a struggle.

Q36Chairman:You said in your evidence that in the
next five to 10 years a very significant proportion of
your workforce will be retiring who have those
specific skillsets. Are they being replaced with what
is coming through or are you increasingly reliant on
recruiting from overseas?
Mr Williams: I am doing a lot of recruitment from
overseas. I think 70 to 80% of our highly qualified
satellite engineers have come from China or India in
the last two years.

Q37 Chairman: Sorry, what percentage?
Mr Williams: It is 70 to 80% of the higher-end
engineers.

Q38 Chairman: That is staggering.
Mr Williams: Because they are the people who
apply. We put out an advert and we do not look for
Chinese or Indian engineers, but they are the best-
qualified and the hardest-working and they turn up.
I think there is a lot of work that needs to be done on
pushing the right disciplines through the education
system and encouraging young people to come into
this industry. They still do in large numbers, and I
think Astrium has a lot of success with its own
British-based graduate intake, but our personal
experience has been slightly diVerent.
Mr Paynter: We have a slightly diVerent issue
because a third to a half of our work is actually for
theMinistry of Defence, so we have taken a decision
that all people coming into our company will be
cleared to work on Ministry of Defence projects, so
that restricts our intake. At the graduate level, the
first degree level, we are fairly successful because
actually we find that a lot of people go into physics,
maths and engineering degrees and would like to
work in the satellite industry. It has some sexy
products at the end of it, as it were a loose term
“sexy” in that regard, perhaps interesting products
would be a better way of saying it. Where we are
struggling is to then go out if we need to gather very
experienced engineers. We struggle in the UK
marketplace to get those because we find that people
have either moved abroad or have moved into other
industries, so I think that is an area where we
struggle and obviously a larger space sector would
allow more of a market for that type of senior,
experienced engineer.
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Q39 Dr Iddon: The British National Space Centre is
a collaboration between, I think, 11 government
partnership organisations and of course PPARC
and the DTI provide over £200 million of the
funding for space research and development of
technology. You guys have been rather critical of the
Space Centre. Could you tell us why and do you
think it would be better replaced by an agency?
Sir Martin Sweeting: First of all, we must recognise
that the majority of the funding that comes through
the British National Space Centre from its partners
goes out again into the European Space Agency, so
the amount of discretionary income that the Centre
has is actually relatively tiny. In that, it is a fairly
small Centre, staVed with a very modest number of
people to administer that activity, and the question
as to whether or not an agency would be appropriate
I think is really dependent on the scale of activity.An
agency would be appropriate if the scale of space
activity in the UK were to grow probably ten-fold. I
think at the level of the current scale and distribution
of the funding, the Centre does a good job, and I
would like to ask my colleagues to add to that.
Mr Paynter: I think we are not critical of the people
in the BritishNational SpaceCentre who actually, as
individuals, are doing a really good job. I think I am
more critical of the way the Government co-
ordinates its involvement in space. We could
contrast here two diVering things. If we look at the
way space science is funded, I think we could argue
about money, but the process is quite strong.Money
flows through the research councils and the research
councils understand how satellite technology and
space technology helps them achieve world-class
UK science and they fund that as a priority. In areas
where they do not need to fund it, they do not. I
think the process there is good. The co-ordination
outside of that, for example, in Defra or in the
Department for Transport obviously at the moment
is to ask those departments to lead these
programmes, so the Department for Transport was
asked to lead Galileo on behalf of the Government
and Defra was asked to lead GMES on behalf of the
Government. Now, those user departments do not
have the same level of understanding of how satellite
technology can bring benefits not only to their
department, but across government. So I think you
are starting with a weaker position and inevitably
you are starting with those set technology
programmes lower down in priority and lower down
in staYng in those departments. I am not blaming
the departments. I think the issue of asking the user
departments to prioritise what is essentially for the
first three or four years a technology programme and
it is in only years five, six and seven where they will
start to draw beneficial use to themselves out of it is
quite a diYcult thing to ask. Academically, we want
a lead user department, but the practical side of it is
that it is very diYcult to ask them to do that. So I
would like to see a stronger central co-ordination of
that. If we look at GMES, it does not just aVect
Defra, the Global Monitoring for Environment and
Security programme, but it also aVects departments
like DFID, it aVects the Foreign OYce and it aVects
the MoD to some extent. We need a stronger

co-ordination at the centre of government to
understand the importance of these satellite
technology programmes so that appropriate
decisions can be made early on. And they need
to be made early on while unfortunately they
are technology programmes, not user-benefit
programmes. So it is quite complex. On the question
of an agency, I think I would like the UK really to
recognise the importance of space and to determine
what ambition it needs to have in space as the UK.
If the result is a funded agency, then that is right, but
I think an agency is a bit prescriptive as an answer
just now. I think we need to go through that process
of understanding the importance of recognising that
and determining the ambitionwe want and then that
might result in a properly funded agency. Around
Europe, we are probably one of the few countries
without a space agency, so that may well lie as part
of the solution set. But I do not think space is given
the importance that it needs to be given in
Government, so just creating probably an ill-funded
agency would make the issue worse, in my view.

Q40 Dr Iddon: You, that is the industry, have been
arguing that you should be full partners in the
BNSC. In view of the fact that they are the funding
agency, do you think it would be proper for the
industry to be a fully-fledged partner in the BNSC?
Mr Paynter: I think it is a question of what “fully-
fledged” means. Obviously we would not be a
funding partner to that, but we could help have a
voice in shaping policy, in shaping and
understanding technology that lies five or 10 years
out and we could help articulate that. Whether we
need to be a full partner to do that, I am not sure, to
be fair, but it would be useful to have more of a
voice. Interestingly, I am a council member of
PPARC personally and there is no real conflict of
interest at that sort of research council level in terms
of how we articulate from an industry perspective. I
personally am asked to leave for areas where there
are conflicts of interest, but I think they get benefit
out of having those types of skills and knowledge on
the council.

Q41Dr Iddon:Would any of our other witnesses this
morning agree or disagree with what Colin has said?
Are you guys arguing strongly for a space agency in
Britain or are we happy with the BNSC as it exists at
the moment?
MrMartin:The last question you ask on the agency,
I think I agree completely with what everyone else
has said, that at the current level of funding and the
staYng that we have in the BNSC to administer that
funding, I think we need to stay with the structure
similar to that which we have now, apart from
maybe some of the details about how the executive
of thatmightwork.On the other issues that you raise
and on the other issues that we have been talking
about here on the partnership of the BNSC, whether
the industry should be part of that partnership, I
think the impression that I have gleaned over the
years is that sometimes some of the partners of the
BNSC are maybe somewhat reluctant partners and
nobody would be more interested than industry in
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making sure that the BNSC is a success, so in terms
of who are the key stakeholders in the BNSC, I
definitely think that the industry has to be one of the
main ones.Whether that means we should be part of
the partnership, I do not know, but certainly our
interest should be part of the interest of the BNSC.

Q42 Dr Iddon: Presumably you are consulted
regularly by the BNSC?
Mr Martin: Very much so, yes.

Q43 Dr Iddon:Martin is nodding in agreement with
you. David?
Mr Williams: I think probably I would suggest that
the BNSC should have a bit more empowerment. I
agree with Stuart that some of the partners have
been reluctant. My personal view, which I know is
not shared by everybody here, is that some of the
other ministries that are involved in the BNSC
should be regarded as users rather than as partners.
It is easier for us to provide them with solutions that
they want and they can use rather than asking them
to define it upfront. I would like to see a bit more
empowerment of the good people we have got inside
the BNSC to enable them to act in an even more
entrepreneurial way and show more leadership
because the only way that this industry is going to
continue to succeed is through speed. We have to do
the hard things and we have to do them quickly, so
anything that can be done to generate stronger
leadership and dynamism in the industry would be a
good thing. I am not sure whether that means
an agency, but I think more empowerment is
important.

Q44 Dr Iddon: So it sounds very much as if the users
should be separated out and we focus on the main
decision-makers in the partnership. That is what is
coming over to me. Would you agree with that?
Sir Martin Sweeting: I think broadly, yes.

Q45 Dr Iddon: Could I turn to the relationship
between the BNSC now and theMinistry of Defence
which is a major player for obvious reasons. How
close is that relationship, Colin, between the MoD
and the BNSC and could it be improved?
Mr Paynter: It could be improved. I think the MoD
have some very specific technology requirements in
some areas of their activities obviously, but the
ability to have benefits through dual-use technology
I think is quite high and will be higher in the future
as the sort of military customisation of satellites
becomes quite specific. I would strongly welcome
much more involvement from the Ministry of
Defence in the BNSC. I think their involvement is
fairly low both in financial terms and in commitment
terms, but I have seen some movement in that with
meetings set up between Lord Sainsbury and Lord
Drayson in terms of recently over the last 18months.
I think that is starting to move in the right direction,
but there is a lot more benefit, I think, that could be
created out of some joint technology programmes
between the MoD and the civil agencies.

SirMartin Sweeting: I think perhaps historically the
MoD with space has focused primarily on national
communications capabilities for the MoD and then
has been reliant on the US particularly for other
space services. I think we have seen, certainly in the
last couple of years, a broadening of interest within
theMoD, as has been expressed in the future air and
space concept, where the MoD is beginning to look
a little bit more widely at space, so consequently I
would hope that their dialogue with the BNSC
outside in areas other than just communications, for
example, for military applications, will increase, so I
see a development of interest in the MoD and I
would hope that it before too long would follow and
the discussions we were having with the previous
Minister, Lord Sainsbury, and Lord Drayson on
this, I think, are a very good indicator.

Q46 Chairman: Do you feel also that Britain, that
we, looking again at the MoD, ought to have a far
greater independent capability for monitoring
rather than relying very significantly on the US
satellite system for military observation?
SirMartin Sweeting: I think that the change inworld
politics and the threats that we face have started to
catalyse a diVerent way of thinking and that the
stretching of our allies’ facilities in space means that
having a degree of national capability to support our
own services is becoming, I think, much more
appropriate. Clearly the very large-scale and very
expensive capabilities that some of our allies have
are perhaps not appropriate for us to duplicate and
not sensible, but, on the other hand, having a certain
set of tools in our toolbox where we can help our
Forces under certain situations, particularly when
our allies are stretched and their capabilitiesmay not
necessarily meet our requirements, I think, is going
to be increasingly important to the MoD.

Q47 Bob Spink: I would like to address regulation,
licensing and the possible impact on space debris, if
you will excuse that pun. Each country is in itself
self-regulating within its international obligations
and the UN treaties. Do you think that this system
works well, or that some countries do it better than
others?
Mr Williams: I have something to say on that
subject, as an operator who has recently been
awarded a licence. We are also going through the
process of seeking further licences andwe are hoping
to build another eight satellites. The system in
general is a good one. It is an unusual system and it
is an accident of history, but I think it works
reasonably well. In the UK it is administrated for us
by Ofcom and I think that Ofcom is a first rate
regulator across the board. I think they do their job
very well and very diligently and they were very
helpful to us in the early days. There is a problem
that we face, which is that not all regulators outside
the UK are quite so good at their job as Ofcom, or
perhaps they take a diVerent view. It is certainly
beyond contention that some regulators will
interpret ITU guidelines and rules in a way which is
very flexible and gives a distinct competitive
advantage to other satellite operators. So there are
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satellite operators in Europe, for example, for whom
the same standard of rigour in interpretation of rules
and guidelines that apply to me does not apply, and
that gives me a competitive disadvantage. Ofcom do
their job and they do it very well but I other people
are doing things diVerently and it is causing us a
problem, I think we need to address that.

Q48 Bob Spink: Do you think there is a pragmatic
problem? For instance, are you suspicious about the
fact that some satellites just inexplicably stop? Do
you suspect that that might be impact related?
Mr Williams: There are dirty tricks that are played
in the space industry without doubt, and sometimes
regulators outside theUKhave a role to play in that,
so either we have to police—
Bob Spink:Rather than dirty tricks I was thinking of
accidental impacts with space debris, but thank you
for your answer to that question; we will come back
to that!

Q49 Chairman: That was much more interesting!
Sir Martin Sweeting: Stepping out of that minefield
for a moment, may I come back to your point about
the dangers of space debris and space? Yes, it does
exist. There are about 2000-odd satellites in earth
orbit and there are about 100,000 pieces of space
junk. Space is very big but the shuttle, for example,
does make regular manoeuvres to avoid space
debris, and satellites have suVered damage from
space debris but it is still, fortunately, a very small
fraction and the risk is quite remote but real, and
there are now regulations to try to reduce the
generation of space debris. The worst hazard is not
from the satellites themselves but it is when they
fragment, and to make sure that at the end of life
they do have a finite lifetime so that we do not just
keep adding to this problem. Coming back to the
regulatory side, everybody has very ably discussed
the communications regulation area but the other
areas of regulation associated with the international
space treaties and the national treaty in this case, the
Space Act, and how the industry in the UK carries a
large part of that burden in terms of providing the
necessary third party insurances and so forth, which
are not necessarily reflected in other countries where
it is carried at a national level. Particularly if we
apply back to the question about SMEs, as was
mentioned earlier, as spacecraft are getting smaller
and lower cost the insurance for this actually dose
not actually shrink and the standing burden of the
regulatory side in the Space Act does become a
larger proportion of these activities and that, I do
think, needs to have some examination to see
whether the regulatory environment in terms of our
international obligations is appropriate in the UK.

Q50 Bob Spink: What do you want to see come out
of the review of the Space Act?
Sir Martin Sweeting: In terms of looking at the
burden on industry and the commercial activities, to

make sure that essentially the licensing and the
insurance regime contained within that Act does not
suppress the entrepreneurial activities, particularly
as we see some of the new and diVerent strands of
activity coming up in the space programme.

Q51 Bob Spink: Ignore the shorthand writer and
talk turkey now. Do you think that we are
over interpreting the regulation, gold-plating the
regulation in this country, where other countries are
not, and that is putting us at a competitive
disadvantage? Do you further think that that might
drive some operators from this country to operate in
other countries?
Sir Martin Sweeting: The UK is very diligent in the
way that it interprets theAct and quite rightly so, but
I think it is perhaps an area where government can
play a larger area rather than shifting the full burden
on the industry, which might then, I believe, curtail
the entrepreneurial opportunities that we face.

Q52 Bob Spink: Is there anything that the
government can do or the international community
can or should do to look at this increasing issue of
space debris in order to prevent problems that are
lining up for generations in the future?
Sir Martin Sweeting: If I can quickly answer that,
and perhaps others might add, that there are now
policies which are going to try to ensure that
satellites have at the end of their life proper
passivation, so that they do not fragment, which is
by far the biggest danger. Then after that, in orbit,
where it is practicable, to ensure that they have a
finite lifetime, so that they are brought back into the
atmosphere if in a lower orbit ormoved to safe orbits
if they are further out.

Q53 Chairman: Can I ask for the very briefest of
answers, if I may, from all of you? Last week we had
NASA in town and they announced their new lunar
exploration programme,which is very, very exciting.
They made a clear oVer to the UK government to
become involved in parts of that programme; do you
think we should?
Mr Williams: Yes.
Sir Martin Sweeting: Slightly more expansive on
that; I think definitely but I think we need to play
a role—

Q54 Chairman: Is that definitely yes?
Sir Martin Sweeting: Definitely yes, but in an
appropriate way, exploiting our robotic and
communications expertise in the UK.

Q55 Chairman: Stuart?
Mr Martin: Yes, I agree. From an inspirational
point of view—and we have not talked about that at
all yet—I think an active and very public space
programme in the UK would be very important.
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Q56 Chairman: By that you mean a human space
programme?
MrMartin:We have particular strengths in the area
of robotics and communication services that we
already have in our space industry here, which we
could apply to the—

Q57 Chairman: So you would agree with Martin
about the robotics?

Witnesses:Dr Trevor Cross,Chief Technology OYcer, e2v,Mr John Rootes,Director, JRAAerospace Ltd,
UK and Mr Nathan Hill, Managing Director, Qi3, gave evidence.

Q59 Chairman: Good morning to our second panel
this morning: Mr Trevor Cross, the Technology
Director of e2v, to Nathan Hill, the Managing
Director of Qi3 and John Rootes, the Director of
JRAAerospace.Welcome to you all. Could I remind
you that we are being televised this morning and,
rather like Big Brother, or whatever else, we have to
be very careful? Could I start by asking a question to
you all as to how eVective are the current structures
for encouraging technology and knowledge transfer
in the space sector?
MrHill: They are working, so knowledge transfer is
happening. There is a need to keep pushing, shoving,
encouraging and enthusing people to actually
engage in knowledge transfer—it does not happen
on its own. But in the seven or eight years that I have
been involved with it from the practitioner side it has
really gone ahead in leaps and bounds. It is not a
predictive process, it all comes from a fount of
technology, so the technology capability is the
quantum of knowledge transfer, and the outcomes
come by pushing and shoving, encouraging people,
holding workshops and getting people to meet in
dark corridors and talk about the ideas they have,
and for every success you get there will be six
failures, four sort of zombies that go nowhere, which
creates the investment risk, of course.

Q60 Chairman: It sounds a very haphazard process.
Mr Hill: No, it is managed haphazardness. If you
encourage people, you keep positive, you enthuse
youngsters, particularly, bash the heads of
departments sometimes to encourage them to keep
going on the technology as well as the science
motives it happens. In terms of the government
action both BNSC partners, research councils and
industry, I think have woken up a lot to knowledge
transfer in the last few years—the environment has
certainly improved.

Q61Chairman:Trevor, would you concur with that?
Dr Cross: Good morning. Yes. It is patchy; it is
extremely successful in some areas. I would say in
those areas where the technology is very, very closely
linked to the science objectives of the research
council it works rather better. I would say that in
those areas where the technology and the market
opportunities are more to do with the general
building blocks of space infrastructure that there is
not such a successful mechanism. I would agree with

Mr Martin: I agree with Martin, yes.
Mr Paynter: I agree with that answer.

Q58 Chairman: To become involved in a very
specified area?
Mr Paynter: Yes.
Chairman: On that note could I thank you all very,
very much indeed for your time with us this
morning. We will move on to our next panel.

Nathan, I think that a lot of organisations, the
research councils particularly, have woken up a lot
in the last few years to finding better ways of
stimulating knowledge transfer, but I do think there
is still opportunity that is there and there are
opportunities on the table that we are not yet getting
the most out of.

Q62 Chairman: Let me ask you, Trevor, in terms of
knowledge transfer, that is what we normally think
of in terms of that pull or push through from Blue
Skies research through into wealth creation, but the
other area which wasmentioned by our earlier panel
is also about government departments and their use
of that knowledge. Are we advanced in that or is
there still a problem there?
Dr Cross: Could I answer it slightly diVerently? As
much as knowledge transfer I prefer to think about
economic impact. Where I sit in the food chain with
my business we make electronic components and
sub-systems—and perhaps in contrast to the
previous panel—there are more opportunities for
bigger economic impact, from taking that kernel of
knowledge and technology in the space domain and
moving that into other application fields, other
industrial markets. I think that whilst that is
working quite eVectively greater engagement by the
user base, for example theMinistry ofDefence could
help with that.

Q63 Chairman: John, is knowledge transfer
successful?
Mr Rootes: Yes. I think one of the things over the
last 15 years which has been a bit of a plus has been
the existence of the European Space Agency’s
technology transfer programme, in which the UK
has participated. When it was set up—which is a
long time ago now—it was quite a brainwave; it has
really established a network of brokers to facilitate
knowledge and technology transfer across industry,
across nations through the mechanism of holding
events, inter-industry collaboration, sessions with
the oVshore industry and what have you, and
supporting focused searches of universities and
research establishments for potentially transferable
technologies. Sowhat the programme has done in its
own little way over the last 15 years has put some of
this out amongst the researchers and small
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companies and universities of our countries, to
perhaps capitalise to a small extent the identification
of potentially transferable technology.

Q64 Chairman: So in terms of the DTI, PPARC and
ESA in knowledge transfer activities, are they well
coordinated?
Mr Rootes: I think so, yes indeed. ESA has been,
certainly as far as I am concerned, one of the primary
funding sources for this sort of activity over the last
15 years, but certainly along the way PPARC have
supported events; we did one a few years ago, Bio-
Imaging, Can Space Help? A lot of the space X-ray,
gamma-ray detectors have application in life
sciences and medical engineering and PPARC and
BNSC occasionally have put the money in, if not in
a coordinated programme, over the last few years to
help this along.

Q65 Chairman: Is it done more eVective elsewhere
in Europe?
Mr Rootes: I do not believe it is, to be quite honest,
no. Perhaps the French have slightly more
infrastructure and slightlymore public investment in
this area, but that is all.
Chairman: Adam, did you want to come in here?

Q66 Adam Afriye:Yes, I am interested in the role of
industrial brokers, the kind of role perhaps in which
you are involved. So could I just play devil’s
advocate here and ask Trevor and Nathan, clearly
there are advantages in having brokers in this area,
but what are the disadvantages—and then I will ask
John what he thinks are the advantages.
MrHill: I am a broker as well. The job of brokering
knowledge transfer—at least to understand the
technology—is to encourage and motivate the
transfer because technology transfer is almost
always executed through people. The downsides, of
course, are that if technology transfer operatives like
myself are not knowledgeable enough or become a
gateway rather than a facilitator, then they can
actually block the route. What you have to realise
when you are doing it is that your job is to grow little
snowballs and try and roll them downhill; some of
them will roll and become big snowballs—and I
can give you some examples of some very big
snowballs—and some of them will melt on the way
down. So the job really is to recognise the potential
and to start little snowballs running downhill. If I
can give a real practical example, though, getting
away from the theory, of something which happened
last month, PPARC through the European Space
Agency and Direct Investments in Southampton
University have been supporting gamma-ray
detector development towards a mission that has
now been launched, the Integral Programme,
launched in 2002. I helped a couple of researchers
down there get a couple of things called enterprise
fellowships, which are supported by the Research
Council and the Royal Society of Edinburgh, and
these basically fund the students to go oV and spend
a year developing their business plan, getting
business school training—it pays their salary for the

year. They have toddled along, it is now an eight-
person company called Symetrica, sitting down
there in Southampton, giving them a few
contracts—in the defence world doing gamma
detection is obviously something quite specialist—
and on 1 November this year Smiths Group PLC, a
very large detection and instrumentation company,
announced a $222 million order for dirty bomb
detectors for the homeland security people in the
states, where the heart of every single instrument
that Smiths will sell has Symetrica gamma detectors
and elecontrics and software in the middle. I cannot
claim that $222 million order for myself—I wish I
could, I wish I had shares in it—but the job that I
did, together with others from ESA, from PPARC,
from the people themselves in the university was to
set the snowball rolling, encourage people and get
them moving.
Mr Rootes: Symmetrica also got money from the
ESA technology transfer programme, from a BNSC
study which we did for them a few years ago. So,
occasionally the thing comes together and works—
not occasionally, quite often.

Q67 Adam Afriye: Trevor, are there any
disadvantages that you see to the industrial broker
system, any problems, any drawbacks?
Dr Cross: I think if we focus only on brokering,
which is extremely important and I amglad it is there
and more would be better than less, I think we miss
the critical importance of missions in fostering
technology transfer. The brokering is useful because
it opens the eyes of people in industries away from
the narrow focus of the day-to-day activities they
had to say, “Why do you not look over here, up
there, or sideways?” Missions fulfil a diVerent thing,
which is taking embryonic technology and giving
the opportunity for a technology demonstration
mission in something like a Surrey Satellite or
beyond, and then coming back again to the PPARC-
driven science agenda for some of the spacemissions
where to justify a big spend in the space mission you
have to have the very best instrumentation that has
ever been built, otherwise you are not discovering
new science usually. That kind of investment would
really help to push the technology forward, which
then goes out into other applications widely.

Q68 Dr Turner: Nathan, you have made it fairly
clear that technology transfer between industry and
academia and the space sector is a bit of a curate’s
egg—some examples of success and a certain
amount unsuccessful. Can you expand on factors
which may inhibit the process and suggest what you
might do to reduce them?
Mr Hill: It is like any investment decision in life. It
is all about people and it is all about technology in
this case. So the argument made about developing
the technology capacity of the UK in these space
areas is absolutely key. I sat in Oxford Instruments
PLC buying technologies for many years, and what
do you do when you are in an international
company, you take maybe the best in the world,
maybe the second best in the world; you might just
about consider the third and then that is it. So
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technology competence is the root of what is
interesting to industry in terms of knowledge
transfer, and each bit of technology comes along
with a human being or few, some of whom are
brilliant at working in partnership with you, some of
whom are awful. So what we do is quite a lot of
assessment of technology and assessment of the
people who come with the package. That is one half
of technology transfer, and so the academic
industrial technology transfer starts with the
competence in technology, move on to the people
around it and then you can make a good evaluation.
If you then move on to the other side of knowledge
transfer, which I think you were looking at earlier,
which is how good are companies at taking the
development they do and turning that into other
successes? I think we have to recognise that this
linear view of knowledge transfer, marvellous ivory
tower universities develop, a grateful industry
accept, with a huge licence fee, of course, the bequest
of technology and adopt it and turn it into a
business, and that is not valid and it never really was
valid; it certainly is not valid in these years. The
engineering and technical capacity that exists within
the UK space industry is much greater actually than
that which exists in the UK academic and scientific
community in the space area; they both need towork
together and partner. So the sort of model we have
developed is much more advanced, and it is about
spinning in, quite often, capabilities from the
defence and aerospace and security and transport
sectors, stretching them with unique challenges that
you get in the space science and earth observation
missions, for example for the European Space
Agency, and that creates the added value technology
competence, but, more importantly, the engineering
competence embedded within industry that allows
you to have the spill-over benefits. Companies are
extraordinarily good at doing their own knowledge
transfer because once they have a technology
competence they are going hunting to look for
markets to reapply it in.

Q69 Dr Turner: One of the problems that have
frequently come to our notice is the holes in the
venture capital industry in Britain, as compared to
the sophisticated system in the United States. Is this
a problem in space?
Mr Hill: We go back to the long-term nature and
always the need for seed funding, and there I would
argue that Britain has genuinely improved
phenomenally in the last 10 to 15 years. The
European Space Agency is hopefully soon—very
soon, I think—to establish a 40million Euro venture
finance fund and the contract for that is about to be
awarded, I believe, where they are putting some seed
money in and other funds will be raised to create a
venture finance pot aimed at technologies in the
space industry, and that very much complements
the technology transfer network with which John
is involved, and the ESA knowledge transfer
programme that I am delivering. So I think there are
gaps. I very much appreciated the comment that
came from the earlier panel about looking to
improve technology readiness level because whereas

venture financiers are very bad at assessing
technology gaps; they are very comfortable taking
market risks. So I think there are gaps but they are
narrowing.
Mr Rootes: Another point on that is that talking
about those gaps, some of the areas of technology
we are talking about here, if we are talking about
X-ray gamma ray equipment, which may have
an application in the medical field or other
technologies—even smart materials—the gestation
period between them actually working in space and
being an acceptable product is a hell of a long time,
and therefore the finance needed is quite long and
the timescales are quite a lot. VCs are still very
unwilling to come in until they have a good idea that
things will work. I know a case at the moment in
Leicester where they are trying to get a piece of
technology, which I think will be an absolute world
beater in genetic assessment in that sort of role, and
they are trying to scrape the money together to
develop the prototype to get the thing further down
the road, and all the large pharmaceutical
companies and VCs are not yet willing to get
involved. So there is that gap.
Mr Hill: This really is in the league not of venture
financiers generally because it is lower technology
readiness levels. What you are really looking at is
a continued DTI technology programme and
Research Council type support that gets it to the
stage where it is on the three to five year for market
time horizon.

Q70 Dr Turner: So the Valley of Death has not
gone away?
Mr Hill: No, it has just changed its name.
Dr Cross:Could I add a point there? I have had a lot
of experience of VCs. Our company came out of
Marconi, it was backed by 3i in 2001 and 2002 and I
had an extremely interesting conversation where we
were trying to explain what I thought was a
reasonably clear technical business proposition
about our company, which is electronic
components, and we got half way through the
discussion, and after about 15 minutes and the
individual from 3i, who eventually did back us, said,
“Just hang on, you have to understand this
technology is very complex. Yesterday I bought a
company that puts orange juice in boxes; I
understand that.” And that is absolutely true. The
point is that it is easy for people within the industry
and with an interest to forget just how complicated
this technology is; so there is an understanding issue
as well as the venture capital short-term horizon on
returns. So you have two things that make it diYcult
for conventional venture capitalist activities tomake
investments at the early stage.

Q71 Dr Turner: To what extent are partnerships in
your field between academia and industry operating
at a national rather than an European level, or
even wider?
Dr Cross: That is a good question. Increasingly
those kinds of partnerships are becoming absolutely
critical. My company was formally part of the
GEC empire, and like many other medium-sized
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companies we have separated. Gone are the giant
corporate research centres that used to fuel that
innovation and new technology funnel, so
increasingly we have to form alliances with
universities to replace all of that. In general that is
becomingmore successful, universities are becoming
more positively open to doing that. Today the
majority of what happens in companies at our level,
at our scale, is really nationally focused. Although
we have had some attempts at becoming involved in
EU-framework programmes, so far in our company
that has not been successful. I think in the years as
we go forward it is inevitable we will become
involved at a European level.

Q72 Dr Turner: What more could be done to get
SMEs involved in knowledge transfer?
Mr Hill: Having worked formerly at a PLC I now
run my own SME, so I have sat on diVerent side of
the fence. I think SMEs will get involved in
knowledge transfer and may just face a diVerent set
of issues from larger issues. Going back to my
Symetrica gamma detectors example, that went
through a small spinout formation that brought it to
a technology readiness stage where a very large
company would adopt it. That is one vector, that is
one type of knowledge transfer. Some small
companies can be extremely good at scouting out
and adopting technologies. I chaired a conference a
few weeks ago on detector technologies, not from
the European Space Agency but which concerned
the particle physics laboratories, I was able to sit
there rather smugly looking at most of the detector
companies in Great Britain and said, “If you had
taken this gamma detector yourself five years ago
you could have had the $222 million order now,”
and I think companies are realising that this type of
technology development is too expensive to aVord in
your own research labs; you need to monitor what is
going on in the universities. We pay 8% of the
subscription to ESA but can get 100% essentially of
the technology from it. That is the advantage of
belonging to these international clubs. When we did
a survey very recently of instrumentation companies
in Britain—because we thought they would be
getting bored with all these conferences and
networking events—they said no, that is the thing
that they rate highest; as long as we give them good
access to new technologies coming out of labs they
want to be there to pick it up. SMEs are exactly the
same; they are often muchmore eYcient at scouting.

Q73 Dr Turner:What about government’s role? Do
you think that the government (a) has shown
eYcient understanding of these processes and (b)
funds them adequately?
Mr Hill: Knowledge transfer processes have
improved very much. There is still some joining up
to do. A number of the funds come from diVerent
pots and so we have joined them together. So,
for example, I am currently delivering three
programmes which relate to the European Space
Agency—luckily because I am delivering them I can
join them up. One of them is the Sensors Knowledge
Transfer Network, which is part of the DTI

knowledge transfer networks. We have joined space
with all other research facilities and said that this
market for supplying scientific research facilities is
one market, now let us talk about it. There is a
PPARC national programme which relates to the
UK space groups, and there is also the ESA
knowledge transfer programme, which is joined up
between the BNSC partners. Fortunately those are
joined up; people like John and I are talking to each
other and so the various UK activities do join.
Generally, I think that is an improved situation. The
area I think there is further to go is on joint working
on technology development. I keep going back to
it—give me technology and we can transfer it and we
will find the outlets for it.

Q74 Dr Turner: Trevor, for 18 months you have
been running the Centre for Electronic Imaging at
Brunel. What have you learnt from the process
of establishing this centre; what are its main
achievements; and where has it fallen short of
expectations; and what have been the diYculties?
Dr Cross: I think we learnt a lot before we
established the centre and one of the key lessons was
that it is better and more eVective—and you get a
better return—if you focus your university links into
a smaller number of larger collaborations. So we
took the decision, based around individual people
and projects where we knew that there was a good
level of capability that fitted our organisation, to
commit with Brunel. Why was it Brunel University?
It was simple: we had our team of people and the
university said, “If you are prepared to make this
long-term commitment we will fund additional
research associates, put some infrastructure money
in to set up laboratory space and things,” and I
found that the research councils too—in this case
PPARC mainly—were very, very keen if we came
along and said, “With the university we are making
this plan and we are very keen to participate
in supporting that activity,” in this case by
underwriting a future role of case student-ships, all
approved ultimately on a case by case basis but as a
general framework. So the successes have been that
there are a number of PhD level students in there,
some of which—not all—we expect to recruit into
our business and—and this is absolutely critical—
people with the right skills set, that where those
people know our organisation and our organisation
knows the people—a kind of extended interview—
and feed those into our business. Also, giving part of
our R&D budget that we resource from our own
company profits the wider horizon and today’s
business objectives and the ability to go out and say,
“Let us think of something a little bit longer-term,
oV the track of the main business, to try and stretch
what we are encompassing.” I think that is
absolutely critical and it is a model that we are likely
to duplicate as we go forward.

Q75 Dr Iddon: PPARC, who are obviously a funder
for this research and technology, have a very good
view of what you guys are doing and the whole of the
industry is doing. How well do you think that they
cooperate with major state departments, such as
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MOD, the Department of Health and others in
facilitating knowledge transfer, because those major
state departments obviously have a lot of tentacles
into other industries?
MrHill:Within my team at Qi3 I have one full-time
specialist who just works on aerospace, defence and
security, and is our link to MOD; that is alongside
people within the Swindon oYce of PPARC.
Similarly, I have somebody who specialises on life
sciences and healthcare technology and is our link
to the Department of Health. PPARC has just
launched a joint call through its PPARC industrial
programme support scheme using funding from
MOD and PPARC specifically to get further
knowledge transfer cases in its general area, not just
space science, but into the defence and security
business. It could always be better, but there is a fair
amount of joint working.

Q76 Dr Iddon: Do our other two witnesses feel that
that flow is working well through PPARC and the
state departments out to the rest of industry?
Dr Cross: I think it works to a certain extent, but I
think probably equally as important, if not more so,
in our field has been the fact that we have
contractual relationships and long-term technology
personal relationships with people in MOD, people
in PPARC, so they kind of pull things together, and
then PPARC is consciously trying to do that as well.
So I think there is more to do but it is in people’s
minds that it should be somethingwe are doingmore
of, and there are specific examples we could quote.
Mr Rootes: Certainly, we do not have a direct
relationship with PPARC in the way that Nathan
does, but as far as the ESA programme is concerned
there is a lot of cross-linkage, and certainly we put
that into practice as well, defence, space.
MrHill:The key area for improvement is to educate
the customer. Knowledge transfer needs somebody
who wants it, so when you talk about other
government departments a lot of the relationship
has to be about encouraging the customer to want it.

Q77 Dr Iddon: So when these linkages have been
made does the flow of knowledge go automatically
or do you think that the government could do
something more to facilitate it, perhaps a bit of seed
core funding, or what could government be doing to
make this flow a little faster?
Dr Cross: I think there is still a significant gap in the
funding of prototype technologies for potential
major programmes in the future, where there is
significant risk about the likely go ahead for major
programmes, and an example would be the
International Linear Collider, and where companies
cannot aVord tomake speculative investments in the
light of an uncertain future commercial opportunity,
but the timescales of the project mean that you need
to be doing technology prototyping now to position
UK industries suYciently.

Q78 Chairman: You would support the original
panel’s comments that they made in the Case4Space
for that seed core funding very early on in order to
compress time?

Mr Rootes: I would certainly support that as well.
All the funding over the last five years that I can
remember getting in that sort of area has come from
ESA.We have been able to get £10,000 here, £15,000
here for prototypes etc and some of it has been
extremely useful. The case of Thruvision, the
company recently set up to commercialise terahertz
synergy technology, JRA facilitated a very quick, no
frills 20,000 Euro grant from ESA to bring up a
demonstrator which enabled them to raise the funds
to do more things.
MrHill:This technology thing, there is a ladder here
and we have to play the game more cleverly. Getting
a national step with technology competence then
allows you to leverage ESA or EU money in, which
gets you to the next step of being able to supply ESA
with the goods, which then gives you the technology
capability that provides you with the opportunity to
transfer the technology, and it is this leverage game
that needs the initial steps. That is why everybody
comes back to the early stage prototype.

Q79 Adam Afriye: When the government invests
money into these projects, whether it is seed finance
or whatever, I think I am right in thinking that they
do not get a return on that money. Should it not be
the case that the government, if investing money,
should get a return on that money just like other
venture capitalists and other investors?
Mr Hill: The funding that comes through the
research councils—and I should say, by the way,
that I am not an oYcial of any of the research
councils, I am giving you my view on how the
legalities work—and when research councils give a
grant to a university to engage in technology
development the intellectual property flows through
to the university and the university does manage the
intellectual property and gets a return. Similarly, if
the money has gone through to the European Space
Agency the intellectual property may then end up
with a company that has done the technology
development or indeed with the university, and so
the return will then flow through those mechanisms.
So there is intellectual property ownership and
management, and that is the set-up we have in the
UK.
Mr Rootes: Certainly ESA, which of course is
spending UK money through the technology
transfer programme, when it is giving a financial
grant will sometimes negotiate an agreement with
the university or start-up concerned to flow money
back if and when profits are made. So there is that
capability coming in from ESA.

Q80 Bob Spink: I would like to focus on the
ABOTTSReport, “Knowledge Transfer from Space
Exploration” and the prospect and challenges for
theUK.This reportmade several recommendations,
all basically saying much the same thing, that we
must promote knowledge transfer of the beneficial
exploitation of space technology. How do you
characterise the key recommendations, Nathan?
MrHill: I think space exploration inMars is a really
interesting case study because Britain has not
traditionally been strong in space exploration and to
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actually get to Mars requires a load of technology
competences that we have not traditionally had
within the UK space academic groups. So it has
pushed the need for partnership with industry right
up the agenda. The types of recommendations that
we made in ABOTTS were firstly about, again, the
national technology preparatory programme, which
indeed PPARC has executed and has put about
£1,750,000 into three specific technology areas,
which are already showing the leverage benefits that
I spoke about. Those funds were awarded about a
year ago and we are now starting to look at the
knowledge transfer outcomes of those. It has been
looking at encouraging new suppliers into the
programme, specifically from the defence, aerospace
and security sectors. Then in terms of improved
collaboration and technology sharing, I guess that is
where we have not yet moved very much forward.
The knowledge transfer programme side, though,
has built up. So I would say that of the four main
areas I looked at three of them have moved forward
in the year and a half since we wrote the report and
one of them has still yet to start.

Q81 Bob Spink: Do you think that the Aurora
programme is one of the key space programmes that
this country should follow?
Mr Hill: I am only interested in technology
competences, so luckily I do not have to make the
scientific argument for what the return from any
given mission is. Certainly of all the programmes I
have looked at Aurora has a whole set of industrially
relevant technologies that it requires, all the way
from detectors and instrumentation and pay loads,
which you expect on any science mission, through to
entry, descent and landing systems—autonomy and
robotics was one of the areas that I focused onmost.
And really you have to pull the pay load mass down
of anything that you are going to get all the way up
to Mars, so the miniaturisation, ruggedness, the
extreme hostile environment all provide these super
challenges that take technologies forward, we
believe, and I feel then will give the greatest potential
for exploitation. So, yes, it is a good programme in
that sense.

Q82 Chairman: Nathan, you mentioned a fourth
area on which there had been no progress.What was
that and why has there been so little progress?
Mr Hill: I think just the programme is immature.
The fourth one I mentioned was the joining up and
sharing of technologies between diVerent partners. I
think that Aurora is interesting in that it requires a
lot of defence and aerospace technology from both
defence contractors, but also potential to share that
technology with the MOD and DSTL.

Q83 Chairman: So why is it not moving forward?
Mr Hill: It is an immature programme still, so I
think there is still scope—it has not gone away.

Q84 Bob Spink: So what are you doing with
government to fulfil the recommendations of the
ABOTTS Report?

Mr Hill: In terms of the national preparatory
technology programme PPARC was able to find, as
I said, about £1,750,000 and we ran workshops to
identify the sweet spots that industry would be
interested in and academia. We have had about 50
academics, 50 people from industry, selected entry
descent and landing systems, instrumentation and
the autonomous rovers, as the three key areas, and
have now funded those. The next job on that is that
now those programmes are running to look at the
knowledge transfer potential of each of those
because the Aurora benefits will sort themselves out.
In terms of the extra support for knowledge transfer
PPARC and BNSC Partners led a bid to the OYce
of Science and Innovation to have a more joined-up
ESA knowledge transfer programme in theUK, and
that has now been awarded by OSI and we are now
starting to deliver it. So the increase in rate of
knowledge transfer is happening. In terms of the
space knowledge transfer network, whichwas one of
the other outcomes, we went a slightly diVerent
route, whichwas to join space and other government
research facilities, or scientific research facilities and
turn that into a knowledge transfer network and that
is now up and running.

Q85 Graham Stringer: John, you have explained, I
think completely, in several answers how the ESA
technology transfer works. Have you examined or
studied any other international comparators, of how
their technology transfer systems work?
Mr Rootes: The ESA programme was actually
based, in the early days, on the programme that the
MOD was using with Farnborough and Malvern,
and places like that. Whether there are any other
networks? The American system that NASA
supports is not exactly the same as the ESA system;
it is much more reliant on pooling the technologies
and advertising and making them available, quite
often free of charge, to companies coming in. So I
am trying quickly to think of a technology transfer
network that you can compare with the ESA one.
Rather than answer that because I cannot think of—

Q86 Graham Stringer: Could you write to us on
that?
Mr Rootes: Certainly I could, yes.

Q87 Graham Stringer: Even with the NASA one,
what are the advantages and disadvantages of that
compared to our systems?
Mr Rootes: I could certainly highlight what I think
are the disadvantages of ESA systems. In a way
SPCQ technology transfer spin-oV has a bit of a
cachet about it—it is exciting—there is some focus
on sexy transfer, things being put on cars for the Le
Mans and stuV like that, which, in my view, wastes
money. To some extent the programme is target-
led—“Please find us 10 technologies this year for
promotion”—and nations all have their own targets.
My view—and perhaps it leads towards the
American way, the way they do it in America—is
that there should be more flexibility amongst the
brokers—and I would redefine the word “broker” in
aminute, if I may—as to how themoney is best spent
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in the countries concerned. Certainly in the very
early years there was rather too much, I think, spent
on procedure and administration, generating targets
for mail shots and what have you, rather than
getting stuck into the very, very tricky business of
identifying what technologies are actually going to
be exploitable and concentrating on those. That is
certainly one issue. The more formal and the more
structured you get a network I think the more waste
you are liable to get in it, and to some extent you can
say that the ESA programme has suVered a little
from that.

Q88 Graham Stringer: Can I ask you about another
international comparison? How do our intellectual
property rights compare internationally and how
could they be improved? How are they helping or
hindering technology transfer?
Mr Rootes: The standard patenting procedures in
the UK are the same worldwide, the way people
protect a technology and exploit it—that general
procedure is worldwide. The diVerence comes in if
you are funded from a source such as the MOD or
such as ESA, or such as a university. The rights to
that technology can flow down to varying levels to
those that want to exploit it and certainly there are
diYculties in the way that quite a few of our
institutions have managed intellectual property. In
our experiencewith universities we have come across
several cases where in allowing a professor to start a
start-up a company and develop that technology, if
you like, the insistence on the university in retaining
a very large proportion of the rights, including
giving them voting powers over the company and
that sort of thing, I think has, in some cases,
inhibited the ability for that company and the
technology to grow and develop. There is a saying
that what you really want is 1% of something big
rather than 50% of something which is small and
constrained. So certainly the universities have
suVered from that problem on occasions, and on the
other hand there are examples in the UK of
extremely benign and informed ways of working
between universities and their academics. In ESA
another problem is, as with the EuropeanUnion, the
way that the intellectual property may be split
amongst contributors to a project, and if you look at
the EU RTD programmes the massive amounts of
money is spent by the EU on funding programmes.
And a lot of the organisations I am talking about,
and I am sure Nathan is talking about, who exploit
space technology, take advantage of the EU RTD
programmes to get funding to move it on a stage.
One of the problems there is the sharing of
intellectual property, and the diYculty therefore in
subsequently exploiting the technology. We had a
horrendous case also with ESA recently where
because—and, again, it was a piece of technology
which looks as if it is really going places—there were
12 nations involved in doing the initial research 12
nations had a stake in the intellectual property. It
was actually paid for and patents assigned to ESA,
and when an entrepreneurial company came along
to take the technology on board and exploit it it was
almost impossibly diYcult tomove ahead and, in the

event, negotiations had to take place with 12
diVerent countries and 12 diVerent organisations. So
there are still a lot of intellectual property problems.
As a broker one of our first questions when someone
comes to us with a piece of technology—there are
several questions like, “How advanced is it? What is
the market like?”—is, “How is the intellectual
property owned? Who owns it? How many people
have fingers in the pie?” And it is amazing the
amount of good technology that is stifled from
commercialisation because of the diYculties of
multiple ownership. That can be one of the
diYculties with these relationships between
companies and universities, that if the university
develops a good bit of technology the company does
not want to exploit it is possible that the company
may just sit on it because it does not want its
competitors to exploit it either. So it is a whole
fraught area.

Q89 Graham Stringer: That is fascinating. Can I ask
one further question? What is the solution? How
would you improve it?
Mr Rootes: The problem is that whoever pays the
money calls the tune, and it is the same with the
venture capitalists and the amount of intellectual
property that they take. So the only answer is by
negotiation between the parties and education. As I
say, what you have to come down to at the end of the
day—and it is something we have said time and
again—what you are really looking for is 1% of a
massive amount of money rather than 50% of
something that ends up not being exploited.

Q90 Chairman: A solution, Nathan?
Mr Hill: I would like to give two solutions, one of
which is general and one is specific to this context. In
general there is enough diYculty in getting novel
technologies into the market place without letting
intellectual property get in the way, so I think that
there is a greater need for communication of vision,
that international collaborative programmes, or
indeed ones that are being hosted by universities
where they have the technology, there must be
continued vision, pressure from research councils,
from funding authorities to say, “You must make
the process of intellectual property packaging and
transfer possible and doable,” and that is a pressure
from above type thing and it does work. If you sit on
people with a bit of a whip that will work. But in the
ESA context I have something much more specific
and I will give you an example of a spin out that I
formed.

Q91 Chairman: Could you be as brief as possible?
Mr Hill: Yes, really specific. When ESA funds
a company to do technology development the
intellectual property in that technology is then held
by the company and, as I said earlier, companies are
brilliant exploiters of their own intellectual property.
I had managed to take a whizzy technology called a
superconducting gravity gradiometer, which was
used to measure the height of the oceans for global
warming measurements, and actually sold contracts
to large oil majors to use this as an oil well explorer
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so that you could actually measure the amount of
oil in reservoirs, basically by measuring the
gravitational pull of the oil relative to water or rock,
or whatever. We raised lots of money from industry
by selling R&D contracts and then spun the
company out intowhat is a company called Arkex in
Cambridge which is now about to fly its first tool. It
raised I cannot remember how many millions of
dollars of venture finance now and it is now going to
fly its first tool which will actually do geophysical
exploration for oil and minerals based on essential
ESA technology. That did not have the university bit
or the intellectual property licence in the way
because the essential technology development had
been undertaken by us under contract from the
European Space Agency in pursuit of one of its
observation programmes.

Q92 Chairman: Could I finally ask you, when Sir
Martin Sweeting was talking to us earlier he talked
about that small satellites were thought to be a form
of lunacy.Do you feel that all your brokering and all
the knowledge transfer activities get in the way of
that lunacy, which actually becomes world beating
technologies and wealth creation projects? In other

words, are you adding real value through the
knowledge transfer process or should we just leave it
to companies themselves to get on with it and
actually support some more R&D?
Mr Hill: Gosh, that is an interesting one! I actually
did some strategic work for PPARC on this a few
years ago. I think it is some kind of ratio between the
amount we invest in technology development and
the amount you spend simulating it. PPARC has
made what I think is an enlightened commitment to
double the rate of knowledge transfer in three years.
We are engaged in delivering that for them; it has to
do that alongside having the money to invest in
technology.

Q93 Chairman: Trevor?
Dr Cross: I think the sort of things that Nathan is
doing are absolutely essential but get it into
perspective—we need to boost the real technology
development resource pool, I think, to match that.
Mr Rootes: I think the ESA programme has
demonstrated the contribution of the brokering. The
amount is really quite small and I think some of the
results have been quite significant.
Chairman: On that note Trevor, Nathan and John,
thank you very much indeed.
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Q94 Chairman: Good morning to everybody and
good morning to our first panel of witnesses this
morning, David Williams, the Director General of
the British National Space Centre, Paula Freedman,
the Director of DTI Space within BNSC and Dr
ArwynDavies, the Director of Earth Observation at
both the BNSC and the Natural Environment
Research Council, NERC. Happy New Year to you
all and welcome to our visitors as well this morning;
you are very, very welcome. David, a fair amount of
discussion in terms of our inquiry, and it is great to
see it is so topical at the moment in terms of what is
happening in the media, is really about the benefits
and drawbacks of the UK’s partnership approach to
space rather than having an agency. I wonder if you
could start by giving us your candid views as to what
are the advantages of having that partnership
approach rather than an agency because everybody
else seems to have agencies.
Dr Williams: Not many countries actually have
agencies. NASA is an agency, Germany do and
France, but within Europe many of the countries
operate at a departmental level or at the inter-
governmental level. The main reason that we have a
partnership rather than an agency at the moment is
that one of the things we wish to do with space is to
keep the tension across why we do things using
satellite systems as opposed to other mechanisms.
For example, in the science world, the partner that
looks after space science, PPARC, decides whether
it should use a satellite system or a ground-based
telescope. The Natural Environment Research
Council likewise decide which way they should do
the science, whether it is a satellite-based system or
a non-satellite-based system and keeping that
tension in the system, I think, is an important
element in the debate and in the way that space is
funded so that we do useful things. If we had an
agency, we could look at it the other way and say,
“Well, the agency spends the money on space
programmes”, but you still need to bridge that gap
and have the user community on side and agreeing
that that is the way forward, so the important
element of the partnership was to get that link across
to the user side tomake sure that we are doing things
not just because it is a satellite system or a space
system, but because it is useful in the area of
application that it is being applied, and that is valid
in the DTI as well for the more commercial things
and in the MoD for the MoD activities.

Q95 Chairman: But surely then the issue with the
BNSC is that you just do not have any lobbying
power? This was the criticism which was made by
CCLRC in its submission to us, that you do not have
a lobbying power with government and, therefore,
you are not taken terribly seriously.
Dr Williams:We have direct access to the Minister,
I have direct access to the Minister and that in itself
is enormously useful and importantwhen it comes to
specific issues, trying to promote things within
government. We are directly linked into the
Department of Trade and Industry mechanisms for
access to, if you like, the financial regimes.
Something like 80% of the total budget of the BNSC
comes through the OYce of Science and Innovation
in the Department of Trade and Industry into DTI
directly, into PPARC and into NERC, so we do
have a lobbying mechanism, it is just not a public
lobbyingmechanism. I think if wewent outside to an
agency, I could stand up and say, “Yes, I think we
should do more in space”, or, “I think we should do
this”, but I am not sure that that is more eVective
than my talking directly to the Minister and directly
to the oYcials at my level and above and saying,
“Let’s work this into the system, let’s work with the
Treasury in trying to make this happen” in a more
quiet way, so we do have a quiet lobbying
mechanism and it is called the line management
system in government rather than a public
lobbying system.

Q96 Chairman: So why do you think that the
CCLRC say that it is not an eVective way of
lobbying government?
DrWilliams: I think that is probably for the CCLRC
to answer in the next session because that is their
view, not my view.

Q97 Chairman: Miss Freedman, do you want to
comment on that? Why not an agency?
Miss Freedman: I was going to add that of course
there is an enormous network of stakeholders within
the civil space activity, a very competent and
energetic industry, a large number of scientists and
academics and of course they are all very skilled at
lobbying. Indeed, industry has worked on the Case
for Space very much as part of their lobbying
activity. The NAO, which reported on BNSC a
couple of—
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Q98 Chairman: And was very critical of it.
Miss Freedman: In some ways it was, but it did
comment on the agency status and said that there are
a variety of organisational arrangements that exist
among nations and that the UK’s partnership
approach is appropriate, given the UK’s policy
emphasis on the users and the users of space.

Q99 Chairman: My question is: is it eVective? The
indication from both of you is that there are no
problems. The NAO thought there were significant
problems.
Dr Williams: There are always problems when you
want to try and get more money through the
government system and the issue there is that it is a
matter of priorities for the Government on how it
spends money. Yes, the partnership brings problems
in the interaction between departments because it
really highlights the fact that what you have to do is
demonstrate that the satellite system or the space
system which is being developed really has value in
the community that is going to use it in a way which
is not ‘hideable’, you cannot hide that issue in that
debate of why you do something where I think in
some agencies sometimes there is a tendency to go
oV and do things because they have a budget.

Q100Chairman:Let us just say then that some of the
NAO’s criticisms were valid. Has in fact the BNSC
improved in terms of its eVectiveness since that
report and what now needs to be done to improve it
further, or is it perfect?
Dr Williams: The NAO brought forward a number
of issues and since then we have established the UK
Space Board which has the main funding partners
on it and allows us to debate in a controlled
environment and an organised environment how we
do things collectively with the major funding
partners. We have the Space Advisory Council
beneath that which brings forward ideas on where to
go and that involves the wider partnership and
industry, so organisationally we have strengthened
that part of, if you like, the UK space management
system.

Q101 Chairman: But how independent is the Space
Board?
Dr Williams: The Space Board is very independent.
It is chaired by the Chairman of the Particle Physics
and Astronomy Research Council, there is the
Chairman of NERC, there is the Chief of Policy in
the MoD, the Met OYce are involved at chief
executive level, and I attend as eVectively the
executive oYcer along with staV, so it is independent
in the fact that it is talking about the individual
budgets and it is talking about the collective and how
we work together and it does not have external
advisory members on it in that sense.

Q102 Chairman: What I am trying to get at in this
first session of questions really, David, is that the
BNSC seems to be responsible for space policy and
advising the Government on space policy. I am

trying to work out how independent they are as a
result of the reorganisation that followed the NAO
inquiry and also the setting up of the UK Space
Board. In policy terms, is it independent and is it
eVective and, secondly, in lobbying terms, is it
independent and is it eVective?
Dr Williams: In policy terms, it gets independent
advice and gives good advice which we take forward
to the Minister, and I think we are all fairly happy
with the way it works as the Space Board. We
interact in diVerent forms with industry, we have the
industry group which advises on technology and we
have industry people involved in other advisory
bodies that report, so I think from that point of view
we get good, independent advice coming in to the
BNSC. If we come back to the lobbying, in terms of
working the system for money, each partner works
their own corner because eVectively each partner has
to go through a mechanism to get funding and, as
the BNSC, we give overall advice to the Minister
who then takes it into the system and works on the
political side of the house to try and improve the
overall position for space across government. It is a
diYcult taskwhen youwork in a partnership and the
Treasury do respondwell to joined-up approaches in
terms of forward bidding, and we are putting a
document in that all the partners will submit as a
cover document for their CSR bid this year which
shows that they are working within a framework of
the overall space activity and that this is what we are
trying to achieve overall, and individually each
partner then has a programme. The Treasury are
receptive to that approach, they do like the joined-
up government approach, so I think we do have a
mechanism that works. There is no doubt it is not
perfect, but I am not sure that the agency would be
any more perfect; it would have diVerent problems.

Q103 Chairman: So you have got a magic wand, it is
the new year, what could you do to improve things
further? Space is obviously a very, very important
area for the British economy and it is important for
all sorts of other public service delivery issues, so
what would make your organisation more eVective?
Dr Williams: As with all these things, I think we are
very eVective today and one of the points I have
always wanted to make is that, although in the UK
we do not contribute to all areas of space, where we
do contribute and where we do work, we are very,
very good.

Q104 Chairman: That is not what I asked. I asked:
what would you do to improve things?
Dr Williams: If we wanted to improve, we would
need more money to do new things. To do that, we
need to persuade those parts of government and
those parts of industry to invest more money to
achieve those goals. One of the things I would like to
do to improve it is to get more private venture into
funding space, and the other one is to try and work
to get more science vote into space and to get other
departments working on space issues. DfT are very
good at themoment, butDefrawe need toworkwith
to get them to bid for funds. It is a matter of working
with the partnership to get more people bringing
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things in. On the other side, we could do more, I
think, on the education side and on the skills and
science side, and there we are looking at what we can
do in the future to strengthen the use of space and
the attraction of space in attracting people into
science.

Q105 Chairman: The Science and Technology
Facilities Council has been established. What
impact will that have on your organisation?
Dr Williams: Initially, it will bring together the
CCLRC and the PPARC capability. It will allow us
to have a focus on the Harwell Business Campus for
background technology and technology support
and one of the things we have done already this year
in the process of this CSR bidding for 2007 is to
make a bid into government through the CCLRC
for a national technology programme. That bid has
gone in as a bid into the system. It will then merge
with the PPARC bidding and, if it is successful,
Harwell will become a focus for the UK activity of
national technology, wewill use it to work across the
UK, and it will not all be done there, but we will do
it in a good e-science mode by which the work will
be done where the skills are rather than bringing it
into Harwell, and we want to use Harwell to attract
inward investment from Europe and from the
European Space Agency to build the sort of core
capability in the UK which will carry it forward a
long way.

Q106 Chairman: It is a positive move, as far as you
are concerned?
Dr Williams: A positive move, yes.

Q107 Graham Stringer: Dr Williams, as an outsider
coming into this organisation, you must have made
an initial assessment of what was right and wrong.
What was the most surprising thing you found?
Dr Williams: I did know the BNSC from my
previous life and I had interacted with it and in fact
I have worked in it in the past. The most surprising
thing for me was probably the decline in national
activity, if we are looking at the programmatic side,
in that we had lost some capability of the national
programme, and that has been recognised in the
NAO report, and this is beginning to impact on our
ability to prepare ourselves to work with the
European Space Agency, and this is reflected in the
way we try to put emphasis on building that area up
in the future.

Q108 Graham Stringer: You have partly answered
this question, but I will ask it in a slightly diVerent
way. How do you believe you could increase the
eVectiveness of the Centre at co-ordinating the UK
space programme?
DrWilliams:We can always look to improve. I think
the way that we have established the committee
structure at the top level is now good. What I want
to do is work more with what I call the departments
which are not fully funding space, but where we
believe they have an interest, to try and strengthen
the cross-departmental links in government where
we see societal needs that space can answer, so I

think this is important and I think I would like to
work on that. I think we need to do more on the, if
you like, skills in the society side of the house, trying
to bringmore of what we do on space into the system
as a whole, and I think we need to work more on
getting industry to recognise that you have to get to
the point where private venture is a recognisable
source of money for the development of space
systems rather than it just always being government
money and government money.

Q109 Graham Stringer: In the written evidence we
have received, the criticism is that the individual
parts of the Space Centre act individually and it is a
title rather than an eVective, co-ordinating body. Is
that fair? Do diVerent partners just act individually
without regard to the overall policy?
Dr Williams: That has not occurred to me. I see it
that, as departments, we interact very well. In the
London headquarters, I have staV from the DTI, I
have staV from NERC, I have staV from particle
physics and I have staV from the MoD and we have
people on secondment from DfT and Defra, so we
have got a good collection of people who represent
the diVerent working departments and we have
secondees from industry, so we have a team which
works together in a very good way and very well.
When you see the individual people acting, it is more
on the publicity issue because you have always got
the presentation of where does the credit go, and
what I am trying to do through the communications
programme is saying that we should be promoting
UK space and giving credit to the relevant part of
government or industry, according to how it works,
but the first criterion is to promote UK space. I
believe at the present time, within the constraints
of a partnership and within the constraints
that individual spends go through individual
departments, we are working together and we are
working harder to improve that inter-relationship
between us and it is driving forward and going well.

Q110 Graham Stringer: Can you tell us about the
relationship with the Ministry of Defence. Could it
be improved? Are there diYculties?
Dr Williams: The Ministry of Defence have
seconded staV into the headquarters. They help
tremendously in understanding where the MoD
work and how they do things and the policy aspects
of the MoD and where we can interact. The MoD
themselves are funding the meteorological systems
because they require those, so they fund a significant
element of the space programme itself and they have
their ownmilitary programmes for military use. The
diYculty we always have is in the background
technology, that the technology is the same between
civil and military. If you build a sensor, it is a sensor
and its application is a separate issue. There is a
problem, which is not the MoD’s problem, it is
government-wide, of spending civil money doing
military things andmilitarymoney doing civil things
and how you get across that interface in a joint
environment.
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Q111 Graham Stringer: Is that just an accountancy
problem or is it a real problem on the ground?
Dr Williams: It is probably more an accountancy
problem than a real one.

Q112 Graham Stringer: Can you give us an example
of where it has caused practical problems?
Dr Williams: The criterion is that you cannot spend
civil money doing military things, so if we come up
with a specification which is a military requirement,
the civil world is not allowed to go into it and they
are not allowed to talk to us about doing it, so they
do it separately and we do not see that as a civil
programme. On the civil side, we have had some
problems on the Galileo programme where at the
European level other countries have been saying,
“We want to use this programme for military
requirements”, but it is very clearly a civil
application and theUKhas a very strong, loud voice
in Europe, saying, “We must maintain this and we
cannot allow it to drift across to the military side”.
It has caused, if you like, a lot of good discussion in
the UK, it has caused a lot of discussion in Europe
about the technical specifications and about the
application of a civil system in a military regime and
there is no doubt that, if you just want to use a
navigation system to drive down the motorway,
whether it is a civil lorry or a military lorry is
irrelevant, it is when you go beyond that that you
begin to run into problems.

Q113 Graham Stringer: That is interesting. How do
you deal with departments like DFID which are not
partners, but potentially have an interest?
Dr Williams: I personally at the moment have not
had very much interaction with DFID, but we know
that there is currently an initiative to improve
education in Africa and in my previous life I did
quite a lot of work in that field in Africa in terms of
improving access to capabilities. We are keen to
open discussion with them on how we can supply a
system and supply information that will help them.
We have in the UK a disaster management
constellation which is a series of satellites built by
Surrey Satellite Technology which are owned by
diVerent countries around the world, but which
collectively respond when there is a crisis, and we
have joined an international charter on crisis
management so that, when a country has a disaster,
we can call that charter into play and the satellites
which exist are turned on to provide information.
We are trying to bring that into the thinking of
DFID so that they can bring it into their
mainstream. There has been, I have to say, not a lot
of direct discussion, but that will start in the next two
or three months because it is an initiative in an area
which is recognised as important.

Q114GrahamStringer:Are there any problems with
departments like Defra, which have a policy lead
and they are interested in statistics and the
information flows, but they are less interested in the
hardware?

Dr Williams:Defra, quite rightly, are looking at the
output. They are saying, “What we want is to deliver
evidence-based policy”. They currently have a
mechanism to do that which works, but, as is the
problem with all systems, it could improve.What we
are doing with a satellite capability called GMES,
global monitoring for environment and security, is,
at a European level, looking at whether in 10 years’
time or twelve years’ time we have a more rational
and a more equitable set of information to allow a
European-level capability of monitoring to come
into place. That is a fairly big challenge for a specific
department because they are running a system today
and yet they are looking five to 10 years ahead at
whether they can change that system to a new flow
of information, and they are not going to do that
until they have full confidence that that new flowwill
be real and will be useful and will not degrade the
evidence-based policy-making. Therefore, they are
having this balance of, “Yes, we’ve got to keep going
with the existing capability. We have to have this
ten-year R&D vision of where we want to be”, and
then it becomes a matter of priority for funding and
it is causing problems. What it is also doing is
highlighting that a programme likeGMES has really
got to focus on what the application-users need and
it should not be driven by the short-term industrial
requirements of Europe, which is where the balance
is at the moment, in my opinion.

Q115 Graham Stringer: That is a really interesting
analysis of how the problems arise where there is a
lack of imagination. Can you be very specific about
what those problems are?
Dr Williams: Well, if you want to build a satellite
and you say, “We’ll build a satellite and it will last
for five years. Please will you use that and fund it to
do your evidence-based policy”, the Department has
quite a good reaction of, “Five years is not a very
long horizon. We have to train people, we have to
buy new equipment, we have to change the system
and, in doing that, it will cost us money and it will
cost time and eVort. What we want to see is a sort of
ten- to 15-year horizon of the system so that we have
the timescale to switch over gradually and move in
and change the way we do business to this new
method in a way which will not degrade how we
provide evidence, but improve the way we provide
evidence”. The current GMES proposal is a series of
single satellites which does not do that. If you look
at the only parallel I know on that, you have the
meteorological data service and there the initial
programmewas for a series of three satellites over 10
or twelve years and that gave the weather services
the confidence to begin to use the data and over a
period of 20 years it has now completely transitioned
and the users are now fully funding and running a
system, so we have got to get to that point. Defra are
bringing a real challenge in saying, “Look, it’s no use
talking about one-oVs, you have got to talk about
continuity and the way forward”, and we have to
take that into the European theatre where there is a
bit more of a drive for a short-term industrial return
and convert the way they think to the same sort of
argument. Otherwise, I think GMES has problems.
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Q116Chairman:You didmentionDfESwithin your
comments there. Do you have any meetings with the
Secretary of State for DfES in terms of the
educational impact of space and space programmes?
Dr Williams: No, I have had no direct interaction
with DfES. It is a weakness that we recognise and
acknowledge and it is an area that we want to
address going forward in skills in science and science
in society to try to build a bridge across that field. I
was very pleased that, when the astronauts came
over, the Secretary of State for DfES was there and
made a short speech and I think he recognises that
space has a role to play in promoting science, but we
have had no direct interaction.

Q117 Chairman: And whose fault is that—yours or
theirs or both?
Dr Williams: A little bit of both, I believe, and I am
determined to try and rectify that as I settle into the
post and move forward.

Q118 Dr Iddon: You are moving on, Dr Williams,
from the UK Space Strategy 2003–06 and beyond to
a new policy which will be 2007–10. Could you
perhaps outline to theCommittee pleasewhat will be
the major changes between the existing policy and
the new policy, as you see it?
Dr Williams: At the current time, I do not think we
know what the absolute change will be. What we
have done is establish a consultation process that
was released this week, having taken quite a while to
get into position. What we have done there is, for all
the areas that we currently have activity, we have
asked some strategic questions and asked people to
comment on whether we should focus on these and
what we may change, so the public consultation
actually is a very important stage in getting the
widest possible input on what society thinks we are
doing right, what society thinks we are doing wrong
and where society thinks we can improve the way we
do space. Whether it will result in any dramatic
changes remains to be seen because dramatic
changes tend to mean extra funding and changes in
the funding base, so it will be diYcult to say that
things will change dramatically. I think we are going
to keep the focus at this present time on doing useful
things with space and doing things that benefit either
the commercial world, the scienceworld or society at
large, the societal world. It is diYcult at this stage to
say that there will be a dramatic change and that we
will go back into launches, for example. I do not see
that as baseline and I do not see us at this stage going
intomanned space because of the costs involved, but
I do see us being part of the global endeavours to do
exploitation and exploration in the widest sense.
Dr Iddon: You surprise me because the new Science
Minister is putting it about that Britain is thinking
about returning to manned space and certainly,
when we meet astronauts, they are very keen on
Britain getting engaged in manned space again.
Why, for example, was the Science Minister on
television only last night suggesting that Britain
might get back into manned space?

Q119 Chairman: Advised by you.
DrWilliams: I listened to what theMinister said last
night and saw the article on television. He talked
about theUK doing a lunar probe to understand the
surface of the moon and the subsurface of the moon
as the basis for people going to the moon. What he
did not say was who was going to go to the moon.
In the new global exploration and exploitation
programme which is being developed by all the
nations in the world with an interest in space, the
UK is taking an active part. The way that that is
going to emerge is that, unlike the previous round of
exploration where you shared all the business and
you had a little bit of this and a little bit of that, the
new exploration programme is going to look at the
collective of what needs to be done in the long term,
how it can be done and what are the goals, and then
it will be up to each country and, in the case of
Europe, the European Space Agency as well to look
at what it can contribute to that whole, doing
something that is useful and important to meet this
global exploration. The UK, in working in that, is
looking at what novel science can do and what
technology can bring into it, so we have seen
robotics and communications in going to the moon
as something where we have a skill and a skill which
will contribute to the whole. It does not necessarily
mean that wemove to aman in space, but if you look
forward 30 or 40 years, and there was a study of
whether the UK should go back into manned space
last year with some eminent scientists, some of
whom are very sceptical, they concurred that in the
short term there is probably no need to put man in
space for the sort of objectives of theUK. In the long
term, if exploration is really to take oV, then man
will go there, so at some point the UK will have to
decide whether to return to that programme, but
that does notmean to say it has to happen in the next
year or in the next five years, but it is probably a
long way in the future before that needs to be
reconsidered.

Q120 Dr Iddon: Helen Sharman is the only British
citizen to have flown as a British citizen and
unfortunately the rest of the British astronauts, the
latest being Piers Sellers, had to fly under another
national flag.Do you think that is right?Why canwe
not get some collaboration worldwide so that the
British-born astronauts can fly as British-born
astronauts?
Dr Williams:Whether that will emerge in the future
is to be seen. At the present time, there are four
capabilities in manned space, the Russian, the
American, the Chinese and the European Space
Agency. The UK decided not to join the European
Space Agency’s manned programme in 1986 and
successively nobody has challenged that in
government and changed that decision. There are
lots of reasons why we did not join it, but one of
them was because you would have to be involved in
everything associated with it. If, in 40 years’ time,
things change or in 20 years’ time the system changes
and there is a global astronaut corps, then it could be
looked at at that time.
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Q121 Dr Iddon: Can you see that Britain might
return to funding launchers?
Dr Williams: Although we are not funding launch
work, we do find some money for launches and we
do support a share of the Kourou site in French
Guiana which is the area on the launch site which is
part of the general facility of the European Space
Agency. We also have a very small stake in the
Ariane 5 programme. I do not see at this stage why
theUKwould return to that market area and I think
the market for launches has opened up enormously
since the UK decided not to go major into launches
because Ariane 5 was originally a man-operated
launcher, but it is not anymore because we now
have the Russian market opening up, the Chinese
launchers, the Japanese, Indian launchers and the
American launchers as well as the European, so the
launcher market has a large market available. At the
present time, I would say we can buy oV the market
rather than go back into development.

Q122 Dr Iddon: Some other people would say that
we have missed out.
Dr Williams: Some other people would say that we
have missed out and I would accept that. I think
what you have to look at is, when you decide how
much money you spend on science in general and
how much money you spend on space, you have to
be selective about what you do, so you do what you
do well. The UK has been very, very good at being
selective. Some people have lost out because it has
not been their area, but other people have benefited
enormously and we have been very good over the
last 20 years at choosing areas andmoving into them
and being very successful at doing them. I do have to
accept that that has not satisfied every area, but
there are a lot of areas of science and innovation in
the UK that would benefit from more money, but
priorities have to be set.

Q123 Dr Iddon: Can I just examine how wide your
consultation is going to be and whether indeed your
new 2007–10 policy will be a really national UK
space policy. Are you engaging with all the players
in the field or just the partners within your existing
partnership for consultation?
Dr Williams: No, the consultation is absolutely
open. It is on the website and anybody can respond
to it. We have taken the precaution of identifying
all the industries, all the universities, all the
departments whom we know have an interest and
sent it directly to them so that they do not miss it en
passant, as it were. It is completely open and
anybody who is attracted to the website and picks it
up from anywhere in the world in fact can respond
to it.

Q124 Dr Iddon: So you are open to new ideas?
DrWilliams:We are open to new ideas, we are open
to any ideas and then we will set up a little project
group to take those through, working across the
partnership eVectively, to look at what comes in and
to try and change it and convert it into a strategy.

Q125 Dr Iddon: Can I turn to something quite
diVerent now which is the Outer Space Act 1985.
Things have moved on a lot since then, have they
not?
Dr Williams: Yes.

Q126 Dr Iddon: I am just wondering whether you
might be recommending at some time in the future
that that Act is looked at again with a view to
bringing in a completely diVerent Act or even
renewing the older Act. There are a lot of things
which I might loosely describe as “junk” up there.
Do we regulate space adequately, do you think?
Dr Williams: There is a lot of junk up there because
junk tends to stay a long time and a lot of the junk is
very old, but we do regulate very well. Now, for any
satellite that is launched into an earth orbit, and this
has been so for a number of years, part of the launch
philosophy has got to be what we call a “staged de-
orbit mode” so that, as the satellite reaches the end
of its life, you have to have the mechanism which
allows you to send it oV into deep space for eventual
disappearance or to bring it back to earth in a
controlled way which will not cause damage in order
tominimise the amount of debris that is left in space.
That is an important part of theOuter SpaceAct and
one that everybody abides by and which we really
need to keep, so I do not see that changing, although
it is not stopping all debris because you cannot
stop—

Q127 Dr Iddon: Who is policing that?
Dr Williams: It is a United Nations Act and it is
policed by individual Member States and, on
launch, a requirement of launch is that the launch
company cannot launch the satellite unless it is
satisfied that the satellite itself meets those
requirements.

Q128 Dr Iddon: Are there any bandits ignoring the
legislation?
Dr Williams: No, because there are not many
bandits with a launch capability, so that is
reasonable.

Q129 Dr Turner: Dr Williams, both you and Miss
Freedman expressed some satisfaction with your
current lobbying access and you thought it was
pretty satisfactory, but, if you set this in the context
of the UK investment in space research as a
percentage of its gross national income, we spend
very little on space research, 0.02% for the UKwhen
the ESA average is 0.048%. It is much less than
Germany, much less than France and infinitely less
than the States, so the lobbying process is not
producing much in terms of funding for UK space
activity, so do you think it is acceptable that we
should be such poor players in financial terms?
DrWilliams: The headlines give those figures. If you
look at where we focus and the fact that we do not
do launchers and we do not do manned space, in the
area where we focus we are up there with the rest of
Europe which is behind the USA, so the headline
figure masks the way that the UK is selective about
what it does.
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Q130 Dr Turner: Does this not put you at a
disadvantage because the rest of Europe see you as
piggy-backing on their eVorts? Do they not see you
as weaker than everybody else?
DrWilliams: I would like to think that at a European
level, and it will becomemore andmore so as Europe
expands, it will be impossible for every nation to be
involved in everymission and Europe will need to be
more collegiate about how it approaches satellite
and satellite systems and space systems. Therefore,
the concept of subsets of Europe being involved in
one area and subsets in another area will have to
become more and more the vogue as you move to 27
countries because you cannot split a programme up
27 ways sensibly and eYciently. I think this idea that
we do not do launchers, it is not seen as us piggy-
backing, it is just seen as the way that Europe
partitions the work and the strategic input at a
European level.

Q131Dr Turner:Howdo you think theGovernment
views investment in space? Why does it not appear
to have been viewed by the UK Government as
strategically important, especially bearing in mind, I
seem to remember from the earlier evidence we have
taken, that small though our investment in space is,
the returns are highly significant?
Dr Williams: It is simply, in my view, a matter of
priority-setting. There is on the science side a budget
for science and within that it is for the science
community to determine how much should be spent
on astronomy science and how much on earth
science and, within that, the community has to
decide the best way of doing it. Therefore, by
defining the science budget and looking at the
priorities within that, you define what is done in
science. On the societal side, in weather-forecasting,
for example, satellites are indispensable and the
budget has gone up enormously over the last 15
years. On the transport side, transport is funding,
along with DTI and the European Union, a scheme
that in 10 years’ time may allow for a more
intelligent way of managing traYc as well as doing
other things, and I have already mentioned the
GMES, so it is about priorities. On the commercial
side, I think the past investment by the UK, as the
Case for Space has shown, is reaping enormous
economic benefit to the UK and I think we need to
recognise that and see that space is now there in
everyday life in a large number of ways and that we
need to keep that moving and keep helping industry
stay in that business.

Q132 Dr Turner: Do you not feel, given there are
considerable economic benefits to be had, that
greater investment might lever yet more economic
benefit and would you, as the BNSC, like to be in
control of a single, unified national space budget?
Dr Williams: In terms of improving the economic
return, again we have to look at it. If you look at the
telecoms area, for example, space systems are a
major contributor to telecoms in traYc, but a lot of
the main businesses, what I call “new economic

services”, the Vodafones of the world, they build on
the basic infrastructure and the basic infrastructure
is there as, if you like, an underpinning
infrastructure technology to allow these service
industries to flourish and blossom. In satellite
television, the UK is one of the biggest countries in
terms of managing that. In what we do, a lot of the
benefit is in that secondary, downstream industry,
and in the upstream industry, we do very well at in
the areas we are focused on. Whether by putting
more money into that and whether significantly
moremoney would increase themarket is something
that we have to ask industry to answer and we have
to work with industry in making sure that that is the
case before we fund it.

Q133 Dr Turner: Well, you have a central co-
ordinating role in preparing the current CSR bid.
Would you like to tell us something about the
headline parts of that bid.
Dr Williams: The main areas that we are looking at
in terms of space are the national programme, which
I have already mentioned, and PPARC will be
looking at the Aurora programme which is
continuing theMars mission and looking at what we
might do on going to themoon in the interim. On the
societal side, the Global Monitoring initiative is one
of the areas we will be putting a bid in, on the
transport side this time we are doing no more
because Galileo is in place, and on the commercial
side we will be looking to work with industry to
identify opportunities to do more underpinning
technology and more early market support for
communications and broadcast areas.

Q134 Dr Turner: To what extent are you able to
ensure that, where long-term funding is needed for
projects, it actually happens and that programmes
do not suVer from changes in the funding levels
which actually undermine the eVectiveness of those
programmes? To what extent are you able to do
that?
DrWilliams: In the European Space Agency there is
almost an inbuilt safeguard there. Once you join a
programme in the European Space Agency, you are
legally committed to continue it until the end of the
programme, so, if you start a programme today, an
eight-year programme, you cannot pull out half-way
through. You have to negotiate annually for the
budgets you contribute within a bandwidth, but you
cannot leave the programme, so one of the benefits
of the European Space Agency is that, whilst it may
take a long time and be quite diYcult to get
agreement to join a programme, once you have
joined it you are in it for its life. The sort of problem
you are talking about is at a national level where
funding can fluctuate annually and there we are
working very hard to show that the UK 10-year
R&D strategy is an area that space is important for
and that we should be recognised in that and,
therefore, in the 10-year strategy space should have
a baseline activity.
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Q135 Dr Turner: I come back to your lobbying
capacity. You have already given evidence that there
are problems with national programmes because of
annual fluctuations, so you really do need to beef up,
do you not, the lobbying clout of the BNSC?
DrWilliams: I think I come back to the point that it
is not just about lobbying loudly and in the
newspaper, it is about working in the system. I am
in the line management of the OYce of Science and
Innovation working for Sir Keith O’Nions and it is
in that process and the interaction with the
Department of Trade and Industry on the research
R&D budget for OSI and the Treasury where the
decisions are made at the end of the day with
ministers. It is working in that system on a day-to-
day basis at oYcial level that I see one of the
strengths of the current mechanism. It is not perfect,
let us not argue that it is perfect, but I am not sure I
would be better oV standing outside shouting.

Q136 Dr Turner: It is not at all transparent, is it, this
mechanism?
Dr Williams: It is to the Minister and to the oYcials
and the people involved in defining budgets.
DrTurner:That is notwhatwe simple politicians call
“transparency” though.

Q137 Adam Afriyie: Why do you think the UK
spend proportionately less on space investment than
the rest of the world?
DrWilliams: Because it is selective, full stop. It does
not do launchers, it does not do manned space, it
does not do the space station.

Q138 Adam Afriyie: So proportionately, if you take
those activities out, we are on a par?
Dr Williams:We are, yes.

Q139 Adam Afriyie: What is the aim of the Joint
Space Technology Programme?
Dr Williams: The aim of it is to ensure that over a
period of years we maintain a basic capability in the
UK so that we can exploit science space systems to
the commercial and public good and that we can
engage at the European Space Agency level because,
in going to the European Space Agency with a
proposal, you have got to have done some
homework, you have got to have shown it is viable
and that is where the national technology
programme will come in.

Q140 Adam Afriyie: How much money are you
bidding for?
Dr Williams: It is currently of the order of £20
million.

Q141AdamAfriyie: So it is quite small in the scheme
of things.
DrWilliams: It is quite small, but, as a percentage of
the space spend, it is significant.

Q142 Adam Afriyie: But you are hopeful that you
are going to get a successful outcome for that bid
because obviously, without it, it would undermine
the entire space programme, I would imagine?

Dr Williams: I am hopeful that we will get
somewhere on that bid, yes.

Q143 Adam Afriyie: This is a question for Paula.
What action, from your point of view, have the
BNSC partners undertaken to reduce the obstacles
which are faced by small- and medium-sized
enterprises? During the inquiry, we found that
smaller businesses do not necessarily feel that
they have access to these investments and this
downstream funding and the opportunities that
larger businesses have. I know that in the DTI there
have been some changes recently in the way that
things are funded, so what action has been taken by
partners, in your view?
Miss Freedman: Small- and medium-sized
businesses are very important. A company like
Surrey Satellites started as a very small company and
they are now quite a large one. We have a
programme of helping to educate companies about
doing business in Europe both through the
European Space Agency and to secure EU funding
through the Framework programmes and we try
and engage with them and help them through the
process. We also give a lot of information on our
website to help companies look at commercial
opportunities.

Q144 Adam Afriyie: Do you think those actions
have been successful? Just looking at the results
obviously since 2004 when the changes were made, it
does not seem to be that successful.
Miss Freedman: I think it has been successful and I
thinkwe have grown the space community, but these
opportunities are not quick wins and they need
quite a lot of investment in terms of eVort and
understanding to secure the business.

Q145GrahamStringer:How is our relationship with
the European Space Agency going to develop over
the next 10 years?
Dr Williams: Well, the European Space Agency in
the run-up to a Council meeting in 2008 at
ministerial level are looking at how they should
evolve and how they should change for the future
and that is largely driven by the enlargement of
Europe. We have a good working relationship with
them and we recognise the value of the European
Space Agency in developing missions which
individually no country in Europe would need to
develop on its own and probably could not develop
on its own, so we want to keep that skill and we want
to keep that capability. What we want to do also is
get them to recognise that, with 25 countries, they
will have to change the way they do business to some
extent, the juste retour principle, of everybody
getting a bit of every programme will probably
disappear. Some of the voting procedures may have
to change because some decisions are unanimous,
and some are simplemajority which poses a problem
for the countries that put most of the money up
because you can be outvoted by a lot of countries
with little money when you put a lot of money in and
that in itself poses a problem at times. Perhaps the
most diYcult bit for the European Space Agency,
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and it is a UK perspective, is how big it should be
and what it should do relative to what should be
done in countries because, if you set the European
Space Agency up today, you probably would not set
it up with three big centres in Europe, but you would
set it up in a much more open, European-wide-style
system with e-science and e-capabilities between
sites. I think whether they address that or not is one
of the big issues for them and one of the issues we
have to push.

Q146 Graham Stringer: Are you trying to get a
major ESA facility in this country because, given our
contribution, it is rather surprising that we do not
have one, is it not?
Dr Williams: I had a meeting with the Minister and
the Director General of ESA twomonths ago and in
a follow-up to that I discussed with ESA the UK
having a facility in the UK and he gave a lot of
encouragement to that and said that yes, he thought
it would be sensible and he thought it would be
important. We are now trying to identify what sort
of capability we could look for to come to the UK
and then go back to ESA and start debating that and
seeing how we can manage it.

Q147 Graham Stringer: So is that a done deal, a
90% chance?
Dr Williams: Politically and psychologically, it is a
done deal. I think we have to identify something we
can bring in in a tangible way which will bring
benefit to the UK without overloading the system in
the UK.

Q148 Chairman:What do you think that will be?
Dr Williams: There are number of candidates. One
is, looking long-term, a return sample site, the
samples from extraterrestrial planets, and in the
shorter term we may be looking at perhaps bringing
in some of the science evaluation, science
programming or the application areas to the UK
where they do the planning, so there are a number of
areas we can look at, and making better use of the
facilities we have in the UK at the expense of central
facilities in ESA.

Q149 Graham Stringer: Is the location determined?
DrWilliams: The location is not determined, but the
idea is that, if we can focus a national programme on
theHarwell Business Campus and we can use that as
a vehicle, whether it is on the campus or somewhere
in the UK as a second-order decision because within
the UKwe should not be prescriptive and we should
follow the same idea that you can be open with e-
science about how you develop and locate things.

Q150 Graham Stringer: Dr Iddon asked some
questions about manned space flight. What is the
timescale when we will have to make a decision
about whether or not to opt into the Aurora
programme?
Dr Williams:Well, in the next session Keith Mason
can answer that probably better than I can, but we
are in the Aurora programme and we need to
continue to be in it.

Q151 Graham Stringer: But in the manned space
flight?
Dr Williams: I do not see a need to make a decision
on that certainly in the next 10 years and then we
could probably consider it at any point in time.

Q152 Graham Stringer: What are the benefits and
disbenefits of opting in and out of that programme?
Dr Williams: It is not a disbenefit, but the problem
of opting in is a cost one. If we had a lotmoremoney,
we could do it. It is really a priority issue for the
Government as to how it spends money and where it
can aVord to spend money.

Q153 Graham Stringer: I like the answer that we are
going to get a facility here, but how eVective are we
in co-ordinating government departments, industry
and academia in bidding for ESA contracts? Do we
do as well as we should and are we punching below
our weight?
Dr Williams: We have historically punched at our
weight. When I came in, it was clear that we were
down on industrial returns. The system is that for
industrial contracts, for every pound a country puts
into a programme, once you decide how much you
are going to spend on industrial work, you expect a
pound back, and that is to develop technologies. We
have fallen behind in the last three years and there
are a number of reasons, there is no single reason.
One is that the UK economy has done well, so we
have gone frombeing 13%of amanaged programme
to 17.7%. That is a 25% increase in subscription
which takes time to filter through to industrial work
because all the existing planning is on the old figure
and we have got the new figure. In space science, one
programme, the Eddington programme, was
cancelled and the UK was hoping to get work on it
and, therefore, we lost some input there, and there
has been a restructuring of UK industry which has
lost some of the capability in a major company and,
therefore, the ability to win work as we choose, so I
think there are a number of factors coming together
and we are actively addressing that with the DG of
ESA and telling him that this has got to be rectified
and rectified quickly and to get us back on track.

Q154 Graham Stringer: I was interested in your
previous answers about the Galileo project. You
said there was a debate about whether or not there
should be a defence capacity in the Galileo project.
I am fairly certain that, when the Transport Select
Committee did an inquiry into Galileo, Alistair
Darling told us that under no circumstances would
it be used for defence. Are you saying that that is not
accurate?
Dr Williams: No, I am saying that that is accurate
and that has been the crux of the debate in the UK.
We have been very strong that that is the way it must
be, but, as I explained, if, in 15 years’ time, Galileo
exists and you can buy a GPS receiver for a car and
there is amilitary person driving that car, dowe have
to tell him not to use it? There is a sort of de minimis
point below which you say, “Well, it would be used
to some extent”, but it is in the more active military
area that it must not be used, in what we call the
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“applications”, and that is where we are being very
strong, working very well across government and
working very strongly in the European Union and
ESA to make sure that that does not happen.

Q155 Graham Stringer: So you are saying that our
decision is holding, but it is still an active debate to
use it for more than the de minimis position for
military application?
Dr Williams: Because other countries have diVerent
views and you have to work that position.

Q156 Chairman: Your view is that we should not?
Dr Williams: The UK position is that it is a civil
system for civil application.

Q157 Chairman: Your view is that you are
supportive of that view?
Dr Williams: Yes.

Q158 Mr Newmark: You have sort of answered
some of the questions I am going to ask, but, in
general, what role has the BNSC played in the
development of the European space policy and,
specifically, to what extent has the BNSC been
involved in the development of the space
programme in Framework Programme 7?
Dr Williams: We have a strong involvement. We
have people dedicated to work on that and, on the
European space policy, I spend quite a bit ofmy time
going to the meetings and being involved, so the
answer is that we are very strong and we are very
positive.

Q159 Mr Newmark: But being involved is what?
Dr Williams: Being involved means trying to drive
the policy itself and shape it in a way which will suit
the UK and that is to have it driven, on the policy
side, by output and not by input, andwe are working
with the UK representation in Brussels on that. If
you read the first draft of it, it was sort of good
European speak.What we are trying to do is convert
it so that we say things like, “Europe should become
number one in space science”.At the European level,
space currently is estimated at—

Q160 Mr Newmark: But that is a generic,
meaningless statement. What does it mean when we
talk about outputs?
Dr Williams: There are established mechanisms to
establish if you are good at science or bad at science
and at the current time the UK is second in Europe
on science, sorry second in the world on science
behind the USA. Europe collectively could get to
first if we put a collective eVort in, using the existing
citation methods that are accepted. In economic
terms, the current policy says that Europe needs to
remain strong in using space for commercial
purposes and for societal purposes.Wewant it to say
that it currently contributes £22 billion to the
European economy and let us have a target of
£60 billion. Give it a target rather than just words.

Q161 Mr Newmark: And a road map on how to get
there; a strategy or a plan as to how you get from 22
to 60.
DrWilliams: Yes, and once you have got that into a
policy, let us work back to how we have a strategy
and an implementation plan to get that goal, rather
than to talk about words. So that is what we are
doing.

Q162Mr Newmark:How satisfied is the BNSC with
progress on the Galileo programme, and could
transparency—and I know we talked about this
before—be increased with regard to costs and risks?
Dr Williams: We, on the European Space Agency
programme have a good understanding of where the
risks are, and there are some problems with the
structure of the way Galileo has been developed,
in my view. The Galileo industries are seeing
themselves as a monopoly and that is bringing
problems to the surface. We cannot hide those
problems but we have made a decision since I came
into post to find extramoney for Galileo on the basis
that it was going the right way, and we need to get to
the end of what we call the initial orbit verification
in 2009–10 to show that it is viable. We are now
holding the line that they must get to that point
within the budgets available, and we are working
hard with them to get there, but there are some
significant problems.

Q163 Mr Newmark: I was reading about emerging
contingency risks. Is there anything specific we
should be aware of?
DrWilliams:They have had problems, as you know.
One satellite has already been launched, which was
very successful and British and was a small satellite,
built by Surrey Satellites, and that is maintaining
capability to hold the spectrum for Galileo
operations. There are problems with the second
satellite, which is built by a European consortium,
and that launch has been delayed. They have had to
make some technical changes to the satellite. We
have people in BNSC working on the interaction on
that and we work closely withDfT, but it is certainly
not an easy issue, and the impact on the PPP and
how the European Union and the industries are
going to work on that has yet to be seen. There is
going to be a lot of hard management going into
Galileo with some very significant challenges
coming up.

Q164MrNewmark:What lessons can we learn from
the UK’s involvement in the global monitoring for
environment and security? I just want to throw
something at you as you reflect on that, which is that
the trade association, UK Space, states that:
“GMES remains 75% under-funded by the UK,
seriously prejudicing the UK’s role in the EU
exploitation of Earth Observation”. It goes on: “In
relation to GMES and Galileo, it asserts that ‘user
departments without the necessary expertise or
remit in space were asked to identify and co-ordinate
the UK position and decide on investment’”, which
to me was fairly damning criticism.
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DrWilliams:Taking thesecondonefirst,onGalileo, it
is quite correct that if you are going to have a system
that isdesignedfortraYcmanagement thedepartment
responsible, Transport, should be involved at a policy
level, saying what they are doing in the future. On the
funding, in fact, when I came in I led on getting the
funding for the tranche that would approve this, and
we had a long debate in government about whether it
was aVordable and whether it was sensible, and the
conclusionofministerswas that itwas.OntheGMES,
as I explained, with DfT, they are saying: “If we want
to change to this system we need assurances about
continuityofdata”,andweneed tohaveaprogramme
that does that. It is not a programme that is driven by
the short-term industrial goals, and the programmeat
the moment—and the UK has said this publicly in
ESAand in theEU—isdriven toomuchby short-term
industrial goalsandnotenoughby lookingatwhat the
actual application user really needs to have the
confidence tomove over to using the system.Until we
solve that problem, I think it would bewrong tomove
from the positionwe are in.

Q165 Chairman: How do you solve that problem?
Dr Williams: We work in the Commission and in
ESA to get other people to understand that this is a
real requirement and not just something driven by
industry, and get them to change their position.

Witnesses:Professor KeithMason,Chief Executive of the Particle Physics andAstronomyResearchCouncil
(PPARC); Professor Richard Holdaway,Head of Science Programmes, Council for the Central Laboratory
of the Research Councils (CCLRC) and Air Vice-Marshal Chris Moran, Assistant Chief of the Air StaV,
Ministry of Defence, gave evidence.

Q169 Chairman: We move straight on, and
welcome—and a Happy New Year to you as well—
Professor Keith Mason, the Chief Executive of the
Particle Physics and Astronomy Research Council
(PPARC), Professor Richard Holdaway, the Head
of Science Programmes for the Council for the
Central Laboratory of the Research Councils
(CCLRC) and Air Vice-Marshal Chris Moran, the
Assistant Chief of the Air StaV of the Ministry of
Defence.Welcome to all of you, particularly to those
we have never seen before—in this particular setting.
I wonder if I could start with you, Keith. How
eVective is the BNSC in co-ordinating and
promoting the UK space programme? We have had
a glowing tale earlier today. It cannot be as perfect
as that, surely?
ProfessorMason: Things are rarely as perfect as you
would like them to be but I think the BNSC does a
very good job within the constraints of its set-up and
make-up.

Q170 Chairman: How could it be improved then?
Professor Mason: There are a number of areas in
which one could seek to improve. Firstly, I think, the
underlying issue is: what is the Government’s and
the UK’s appetite for getting and maintaining its
involvement in space, and does it recognise the
opportunities? The key thing that is needed for
that is a strong political mandate, and probably
also earmarked funding for what I think is

Q166 Chairman: So this is an ESA problem, not just
a UK Government problem?
Dr Williams: It is an EC problem, on the way
the programme has been constructed. It is not about
the objectives of the programme, it is not about the
instrumentation, it is about the structure of the
programme.

Q167 Chairman: I will have to leave that there. Can
I just ask finally—I want a yes or no—in terms of
the NASA lunar exploration programme do you
actually provide the advice for Government on our
involvement in that programme? If not, who
does it?
Dr Williams: The scientific advice comes through
PPARC. I talk with the Minister and PPARC come
in and talk with me to the Minister, and talk
separately sometimes to the oYcials in London.

Q168 Chairman: Any talk about human space flight
is your responsibility then?
Dr Williams: It will come through here.
Chairman: Thank you very much indeed, Dr
Williams, Ms Freedman and Dr Davies.

absolutely crucial, which is early stage technology
development. I think the BNSC is already doing a
good job in that regard but with better tools it could
do a better job. Those are probably the areas where
we could see the most improvement.

Q171 Chairman:What we are finding diYculty with
as a Committee is this lobbying, co-ordinating and
direction role, and we do not know whether this
organisation is a child of theDTI or is it a child of all
the partners? We cannot get a handle on that, really.
What is your view?
ProfessorMason: I think we have evolved the BNSC
over the last couple of years in a very positive
direction, and I think it was perceived (I am not sure
it actually was) as a child of the DTI in some
quarters, and we have taken some steps to explicitly
demonstrate that that is not the case. It is now run
by the UK Space Board, which I chair, and that
provides a buy-in from the whole of the partnership,
essentially, to the programme. So it certainly is
not—and I do not think it ever has been—a child of
the DTI, but it is a partnership and it is an agency
that has no funding of its own and therefore it has to
work by cajoling its partners.

Q172 Chairman: It just seems there are so many
diVerent organisations involved. Youmentioned the
UK Space Board and there is now the Space
Advisory Council, both of which came out of the
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NAO report in many ways, to be fair. You have got
theDTI involvement, you have got the departmental
involvement, because they are the host of many of
the programmes. Which body has, if you like, the
independent oversight of the BNSC so that there is
that area of independence?
Professor Mason: It is the Space Board that has the
independent oversight, and the members of the
Space Board are the major funders of the BNSC
partnership—five of them—and they are all
independent—the research councils, MoD, the
Met OYce, for example—and they have the
independence, they are the independent voice, if you
like, which sets the strategy for the BNSC.

Q173 Chairman: Professor Holdaway, do you
believe that the co-ordinating role and the
independent scrutiny role are all sorted now?
ProfessorMason:There is still work to do.We are in
an evolving situation, and it is absolutely right that
we should be because we need to be looking to the
future and adapting our systems to best serve the
UK in the future.

Q174 Chairman: Are you happy, Professor
Holdaway?
Professor Holdaway: CCLRC has always been very
supportive of what BNSC does but recognises that
the way BNSC was constituted it has a major
problem—

Q175 Chairman: You are fairly critical in your
written evidence.
Professor Holdaway: It has one hand tied behind its
back and it has toworkwithin its constitution.Aswe
heard in the earlier session, it is a voluntary
partnership, it does have diYculty with its ability to
lobby. It can do it through, as David Williams said,
the line management route directly to the Minister,
but it cannot lobby as widely as a space agency
can do. In the CCLRC submission, although we
recognise the weaknesses of BNSC, we do not
actually say it should become an agency; whatwe say
is that the debate should be held. There are a number
of advantages to agency status and there are a
number of disadvantages. We have not had that
debate and I think now is the time to have it.

Q176 Chairman:Would you support that, Keith?
Professor Mason: I certainly support a debate and,
like I say, the underlying issue though is not whether
it is an agency or a partnership but is where is the
political mandate to actually go ahead and compete
in the world in the space arena.

Q177 Chairman: Do you feel there is suYcient
lobbying strength at the moment through the BNSC
to be able to achieve that? I was not convinced
terribly about these quiet negotiations that go on,
with ministerial confidence (?). Are you?
Professor Mason: I think they can be very eVective.
Of course, that is not lobbying per se, it is a balance.
As Richard says, if one went to agency status there
would be pluses and minuses, and it would depend
on exactly how the details of how that agencywas set

up, what access it had to the Minister, etc, whether
it was more or less eVective than the current
arrangements. It is well worth having the debate and
looking at it very closely because it is a crucially
important thing for the future. We have to be
competitive in this area; it is the sort of high-tech
environment where the UK has to compete in order
to stay ahead in the world. So we should develop
suYcient resources to examine how we can best do
that.

Q178 Chairman: In terms of developing its full
potential, what one key thing would you say is
essential as we move forward for the BNSC? What
is the key thing you would like to see happen?
ProfessorMason: I would like to see it have a budget
which it can control for technology development. I
think that is absolutely crucial for the UK. We need
to look at the skills set withinBNSC, particularly the
technical skills which it has to deploy in marshalling
the arguments and controlling the programmes that
are under its remit.

Q179 Dr Iddon: I know we are now in the
consultation on the next written strategy, but what
would you like, any of the three of you, to see
implanted in the strategy? How is the strategy going
to change?
ProfessorMason: I am repeating slightly what I have
just said but I think the key thing is to have a
sustainable development of the space eVort. It is a
business where the timescales are quite long in terms
of developing capability for the next generation, and
we have to recognise that there has to be a central
role for government funding in doing that, not only
because of the long timescales and, therefore, the
large risks but, also, in order to be competitive with
the rest of the world because of the way the rest of
the world works. We have to make sure that the UK
is on a level playing field. I would like to see more
ambition in the space agenda. As I have said, it is
clear to everybody now that the space arena is going
to be incredibly important to all of our futures, and
if the UK is to be seen as an attractive place to invest
generally then it has to have ambition, including the
space arena. I am convinced that we should be
examining very closely opportunities for extending
our sphere of influence within the solar system,
for instance, so participating in the exploration
agenda. There are huge scientific, technical—but
also commercial—opportunities in that area, andwe
should not be shy about facing up to them and
saying: “Where do we want to be in 20 years’ time?”
That is the sort of timescale we have to think about.
We have to ingrain that in government and in society
as a whole; that is the sort of thinking that we need
to put in place.

Q180 Dr Iddon: From what I have heard this
morning it sounds as if the present focus is on
commercial exploitation of space research. Do you
think the balance should be shifted a little in terms
of exploration and discovery?
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Professor Mason: I think they go hand-in-hand.
As you chart new frontiers, opportunities for
commercial exploitation arise either directly or
indirectly. That is what history tells us, and I think
you can see that in the history of our space activity.
One has to recognise that the space arena has always
been led by scientific endeavour and it is a very
challenging environment to operate. It is one which
galvanises bright people into thinking about new
ideas and generating things which can then be
translated into commercial opportunities. Perhaps if
there was one—at least within government circles—
mistake that was made in the past it was to see those
two things as separate activities: science on the
one hand, and commercial exploitation as being
something that can stand on its own remit. In fact,
the links are so strong you have to see them hand-in-
hand, and one leads to the other.

Q181 Chairman: Richard, would you comment on
that, please?
Professor Holdaway: Yes. You are asking about the
next phase of the UK space strategy. Of course, we
live in a space-enabled economy. You mentioned
earlier on that this broadcast is being carried around
the world, and it is being carried around the world
through satellite and through satellite technology.
Actually, satellite technology aVects pretty much
every member of the population, whether it is
through live TV broadcasts, whether it is through
having information on disaster monitoring or
underpinning the information on climate change.
Even the whole banking system in this country now
depends pretty much on that technology. However,
the food chain that leads to that technology
is research, then conceptual design, then the
development of the technology and then the
spacecraft, and it is the early stages of that where we
have a real funding crisis in this country. That is the
underpinning idea behind the joint science space
technology programme, which is a core part of the
Comprehensive Spending Review.

Q182 Dr Iddon: Do you think the Space Centre has
the ability to scan the horizon—where are we going
to be in 50 years’ time? The Americans are already
planning staging posts on the cold side of Mars to
explore the rest of space. Are we thinking in those
directions?
Professor Mason: We could do more in that, and
that comes back to my ambition agenda. I think
BNSC does an excellent job with very limited
resources, but in the partnership as a whole I think
we need a mechanism of doing that horizon
scanning, and horizon scanning across the whole
partnership rather than just within individual
members. That is part of the evolution that I think
we should be pushing forward to ensure that our
space activities generally remain fit for the future.

Q183 Dr Iddon: When we had Piers Sellers in front
of us a few weeks ago, before Christmas, and five of
the seven crew which returned in July last year, we
challenged them on robotic exploration of space
versus manned exploration of space, and they were

quite adamant that the only way forward is to
explore space using human beings. I mentioned to
the earlier group of witnesses that the science
minister seems to be thinking that we have to keep
an eye on manned exploration of space. What is the
attitude of the three witnesses before us now?
Professor Mason:My attitude is clear: I think Piers
Sellers would agree that what is actually required
is a partnership between manned and robotic
exploration. There are places where robots will do a
better job, there are places where humans might do
a better job. As has been rehearsed in the previous
session, the UK currently does not have an
involvement in manned space flight, and I think that
was probably the right decision to have been made
historically, in terms of not getting involved in the
international space station, etc. I think history has
demonstrated that was probably the right thing for
theUK to have done at the time, but we need to keep
an open mind for the future. The way I look at it, if
in 20 years’ time there is a reliable and sustainable
infrastructure on the moon, for example, then in
order to be doing the sort of science that the UK is
currently strong in we would probably want to be
involved in that. We have to at least examine that
question with an open mind and plan our future
accordingly. As Dave was saying earlier, we do not
have to make a decision in the next five years but we
should certainly be looking at the distant future, or
the not-so-distant future—2020 is not that far
away—and saying: “Where do we want to be
positioned at that time?” We are already getting
involved in the global exploration strategy and
currently we are emphasising our skills in robotics
and small satellites, which is exactly the right thing
to do. There are huge scientific and technical
opportunities, huge commercial opportunities, and
some of thosemightwell involve human access in the
future. We should maintain an open mind.

Q184 Dr Iddon: We have been talking about the
current budget. If we made that important decision
to get into manned exploration, how would that
budget change? Would it double, would it treble? It
is pretty costly to put people up there.
Professor Mason: This is one of the things we have
to examine, and, of course, there is a cost-benefit
analysis. It is more of a graded scale than, perhaps,
people realise, and provided one works in
partnership with, for example, our European
partners in ESA or within a bilateral relationship
with NASA the costs need not be unaVordable.
Certainly the budget will need to go up from what it
is now, by perhaps a factor of two, not factors of ten.

Q185 Dr Iddon: You have heard what the previous
set of witnesses said about launchers. We can carry
on buying space from other nations. What is your
view? Should we get back into launcher technology
or not?
Professor Mason: Launcher technology is one of
these very exciting areas. Certainly what interests
me, particularly, is small-scale launchers and
marrying that with our small satellite industry,
which we are very strong in. There is a growing and
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burgeoning private market in small-scale launchers,
and you will be aware of eVorts around the world
to develop such things by private companies,
essentially. In the very near future we will find a very
healthy market for our needs and I agree with
previous panel members that I do not think we need
to lose too much sleep about not being in the
launcher business currently.

Q186 Chairman: Before we move on to Adam, can
I ask you, Air Vice-Marshal, whether you have any
comments about manned space flight and launchers.
Air Vice-Marshal Moran: I am happy to make a
couple of general comments, Mr Chairman. First of
all, we recognise the importance of space to defence.
Some commentators have suggested that 90% of
defence capability is supported from space, be that
in communications or data transmission, and if you
look at reliance on precision navigation and timing,
and so on and so forth. So we have a very keen
interest in where space is going. Particularly, as an
airman, I see space through the prism of air power,
and an extension of air power’s capability beyond
the upper atmosphere into space. In terms of the
question you asked earlier, Doctor, on what
contribution partners can make to the BNSC, and
what the MoD brings, I think Professor Mason has
already pointed out the benefits of the technology
needed in looking at space.We see that very much at
the MoD end; we are looking all the time at
disruptive technology and how actually we can
exploit disruptive technology for the benefits of
defence. We see there are a lot of exciting
programmes in space that we would like to be at the
front end of. So being a member of the board allows
me to see the context of where space in general is
moving inside the UK, and where we can find areas
to work together. We have a number of people
embeddedwithin the BNSC: the head of technology,
for example, is an MoD scientist. So we have a very
close relationship and understanding of where that
technology is going. In terms of what we could do in
terms of strengthening the general UK policy on
space, I think the contribution the MoD would like
to make is we have worked quite carefully over the
last year to craft our own policy and strategy in
space and where we would like to see it going, and
we have a number of key areas, which I would be
happy to explain a little later—

Q187 Chairman: The specific question to you was:
do you have a comment about manned space flight
and launchers?
Air Vice-Marshal Moran: In terms of the other
contribution we would like to make, it is: are there
parts of the UK science and technology we think we
can exploit? One of the areas that has already been
mentioned is the area of small satellite technology,
and we are very keen to stay alongside the small
satellite program and perhaps see how we can
grow it. We have been involved in the TOPSAT
programme andwe are looking as well to see howwe
might develop from that. Allied with the small
satellite programme, of course, is the question of a
launcher, and at this stage we do not have a firm plan

to be involved in a launcher but we would verymuch
like to explore a dialogue with industry, and others,
to see how we could develop a low-cost launcher
system. We are very aware of what is happening
inside the United States, and what various
entrepreneurs are doing there, and there may well be
an opportunity here for industry to get together to
exploit not just a UK market but a global market.

Q188 Adam Afriyie: Would the MoD like to see
manned space flight? Would that be useful to you?
Air Vice-Marshal Moran: In terms of the manned
space flight question, of course, the first things that
excites people like myself, as an airman, is that it
attracts people’s attention, excites people about
space and takes them forward. I cannot see, at this
stage, a direct military application of having a man
in space, but certainly we would be very keen to be
involved in understanding that space programme,
and the science that comes with it, and the potential
benefit that might accrue.

Q189 Chairman: Before giving you back to Adam, I
would like an answer from you on launchers. Are
you saying on behalf of the MoD that the MoD is
perfectly happy not to have any launch capability
whatsoever in terms of putting military satellites
into space?
Air Vice-Marshal Moran: Mr Chairman, at the
moment, the MoD’s—

Q190 Chairman: Is it yes or no?
Air Vice-Marshal Moran: The MoD’s aim is to
achieve assured access to space, and at the moment
we achieve that from a number of mechanisms. We
see the benefits though, and we get that from other
partners, as you know, not directly from MoD
systems.

Q191 Chairman: I would like you to answer the
question I am putting to you.
Air Vice-Marshal Moran:We do see the benefits of
a potential, low-cost launcher to help support a low-
cost small satellite.

Q192AdamAfriyie:The boundary between civil and
military space programmes is often fairly blurred;
we had the analogy earlier about the dual use of
satellites, so you may be using GPS for military
purposes as well as GPS for civil purposes. We have
heard that theMoD’s involvement in BNSC is fairly
low, both in financial terms and in commitment
terms. Is that a fair assessment, given that there is a
very pressing need for military and civil satellite
space programmes to be combined in some way?
Air Vice-Marshal Moran: I would come back to an
answer I gave earlier, which was that our aim is to
make sure we have assumed access to space. We
have, as you know, a very special relationship with
the United States, which delivers most of our space-
based products, but we do believe there are some
areas—certainly disruptive technology and a
responsive space capability—that we are keen to get
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involved in.Where there are sensible investments we
can make in small satellite technology, particularly,
we are keen to look at that issue.

Q193 Adam Afriyie: So you are comfortable with a
little bit of blurring of the lines, as they exist at the
moment? I think BNSC were fairly clear in saying
that whilst you could not outlaw somebody on a
military operation using civil GPS, actually,
conceptually, the MoD should not be doing that.
Professor Mason: I think the issue there, just to add
a bit of clarity, is that we do not want military
applications driving the design of assets for civilian
use. That is the real nub of the issue.

Q194AdamAfriyie:Would you be comfortable with
that, orwould you prefer to have themilitary driving
some of the design, especially when you mention
it would be helpful to have a low-cost launch
capability, and something else you just mentioned
about a great benefit from the use of space for
military purposes?
Air Vice-Marshal Moran: Our specific interest in
this, as you recognise, is in precision navigation. At
the moment, the MoD’s precision navigation
requirements, both now and as we see it in the
foreseeable future, are provided by GPS. What is
important from a military perspective is that we can
secure our access to precision navigation for the
future, and we need to ensure that other people do
not deny that capability. I recognise myself that as
technology develops the quality of precision
navigation in the civil market will increase, and
therefore there may well be a point in future where
some of the civil navigation systems could be used
for broad-based military applications, but there is
always going to be amilitary requirement for a more
precise system, and in fact we need to be able to
secure that precise system in the future and ensure
that it is not blocked in any way, shape or form.

Q195 Adam Afriyie: Before I come to Richard, it
seems that we are very dependent on the US for a lot
of our military space support. Do you think that
dual-use satellites, a review of the way the BNSC
works, and a greater blurring of the lines, if you like,
between driving research space programmes for
military ends would be beneficial to reduce that
dependency?
Air Vice-Marshal Moran: I would go back to
ProfessorMason’s point that it is important that you
start oV with a clear distinction between the two.
What I would say, as a military man, though, is if
there is a civil system out there which has a military
application then, in the future, we would be amiss
not to take that.
Professor Holdaway: I just want to make the point
that one of the key issues is the dual use of
technology between the civil programme and the
military programme.Of course, there is an extremely
good example of that over the last two years, which
is theMOSAIC TOPSAT programme, which used a
small satellite, developed at Rutherford Appleton
Laboratory, for a world-leading, very small,

compact camera1 but for being able to see higher
resolution images of the ground. That was a
programme run jointly by the DTI and the Ministry
of Defence making really good use of technology on
both sides. Of course, that then has led to the spin-
out of a high-tech company, which is just about to be
sold to a multinational company. So you see the
food chain from small amounts of seed corn funding
right through to wealth creation through spin out.

Q196 Adam Afriyie:How eVective has the TOPSAT
surveillance programme been?
Air Vice-Marshal Moran: So far, it has been a
success with a successful launch and we have had a
successful receipt of images. We are going through a
process now of evaluating just how successful that
has been, and we have already started a dialogue
inside the MoD as to what we might want to
do beyond the TOPSAT programme. We might
develop a radar sensor capability.

Q197AdamAfriyie: So it has been a good experience
and it looks like you may be pursuing that.
Air Vice-Marshal Moran: It has been a good
experience and we would like to try and explore
further, building on that capability.

Q198 Chairman: Just to finish with this, Air Vice-
Marshal, do you accept that theMoD’s involvement
in space is fairly low in financial terms and in
commitment terms to the British space industry? Is
that a fair comment?
Air Vice-Marshal Moran: It is a fair comment in the
context,MrChairman, that theMoDhas significant
access to space and space-based capabilities, and we
achieve that at a relatively low cost. There are some
niche capabilities we think we would like to exploit,
and in that context, yes, our investment is low but, as
we see the benefits, that could increase in the future.2

Q199 Chairman:Your comment to Adam Afriyie in
terms of the dual use of technology, it seems to me—
and correct me if I am wrong—you will use it
provided somebody else provides it.
Air Vice-Marshal Moran: I come back to what our
aim is; to gain assured access to space-based
capability.

Q200 Chairman: I find it really quite strange—and
you commented on this—that you have a privileged
relationship with the US in the exploitation of US
space capability (and I understand that, and that is
fair comment), but on 9/11 when there was a major
incident in America, the US military blacked out
most of the satellite capability and you did not have
access to a lot of that satellite activity because they
control it. Is that acceptable?

1 Note by the witness: It was the camera that was developed at
RAL, not the satellite. I guess my statement was ambiguous.

2 Note by the witness: This answer focuses on the MoD’s
investment on capabilities currently provided through a
relationship with the US. The MoD has made a significant
investment in the SKYNET programme to provide
communication and data transmission series and through
the Met OYce invests in EUMETSAT. Refer to the MoD’s
written evidence.
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Air Vice-Marshal Moran: I cannot comment
specifically on whether we did or did not have
denied access.

Q201 Chairman: Hypothetically, if that occurred,
would you be happy?
Air Vice-Marshal Moran: At the moment, I think,
we are comfortable with the relationship we have
that would guarantee our secured access to data. Of
course, we have our own communications satellites
by the SKYNET 4 and 5 system, so that is secure,
and, as I say, our relationship has been very sound
for a number of decades now on ensuring access to
other space-based products. However, we do see,
when there are shocks occurring in the world, a need
to potentially have a responsive space-based
capability, and that drives our interest primarily in
the small satellite capability. Sowe are looking to see
how that might be developed in an economical way
such that we could respond to events that happen in
the world where we may have to insert a satellite
capability that is not there. That is what is driving
our interest in TOPSAT and, potentially, any
follow-on, small satellite technology that will
develop.

Q202 Adam Afriyie: My final question is: I am sure
you have a wonderful relationship with the BNSC
but are there any ways that you could suggest—one
or two quick ways—in which that relationship could
be improved?
Air Vice-Marshal Moran: We are working closely
together, and the important thing is as partners we
are developing a dialogue to see where there are
opportunities to work together, and small satellites
is one area. I am also working as carefully as I can to
develop an MoD strategy which we can weave into
the wider UK space strategy so that when there are
potential opportunities on the horizon, on a global
basis, we can helpmake a judgment as towhether the
MoD can make a contribution to that.

Q203Dr Turner:Keith, you are about to head up the
new Science and Technology Facilities Council.
What impact do you think that is going to have on
the development of the UK space programme?
ProfessorMason: This is an opportunity. You know
the Science and Technology Facilities Council will
primarily be a merger between PPARC and
CCLRC. PPARC is already the largest funder of
civil space activities in the UK, and CCLRC has the
largest infrastructure in terms of non-industrial,
international space capability. So I think putting the
two together clearly creates an opportunity for a
better unit and a more complete unit for taking the
space agenda forward. To be specific, we have
already discussed earlier today the possibility of an
ESA centre coming to the UK, and one of the things
that makes that possible is the infrastructure we
already have in place. As has already been discussed,
a prime site of that might well be theHarwell Science
and Technology Campus. The other thing that this
merger provides is a core technical expertise which

will allow us to be more eVective, through the
BNSC, in terms of both horizon scanning and in
running the programmes that we currently have.

Q204 Dr Turner: Do you want to make a comment,
Richard?
Professor Holdaway: Maybe I should preface my
comments by saying that Keith is about to become
my boss! Having said that, I think it is a tremendous
opportunity with the creation of the Science and
Technology Facilities Council. It provides, as
Keith said, already a huge investment in terms of
infrastructure, and actually not just for space science
and technology but for science and technology in
general, much of which still underpins the space
programme, through IT, through advanced micro-
technology and so on. There are huge opportunities
there. In terms of the possibility of a European
Space Agency centre in the UK, following the
announcement by the Chancellor in the Budget in
March last year, with the Harwell Science and
Technology Campus, it is a clear and obvious
place—not the only one—to put such anESA centre.
One of the key opportunities there is on the
development of what I referred to earlier on, which
is the really early stage technology. We piloted a
programme with the Space Agency two years ago,
called the Star Tiger Programme and it tried to do
what had never been done before anywhere round
the world, let alone in the European Space Agency,
which was to develop a piece of technology in four
or five months that would traditionally take four or
five years. We did that by bringing in the right
experts from around Europe, by providing the
infrastructure, by providing the space engineering
capability, and that programme not only was
successful but it developed the world’s first terahertz
camera for imaging, but it has now spun out a high-
tech company employing 36 people which is
developing hardware outside of the space industry.
So it is developing stuV now which has been trialled
in a number of airports round the world, doing
things that no other camera can do; it can detect
metals and explosives remotely. There is no system
in the world that can do that. That is technology that
all span out of the space programme and all came
from the Harwell campus, and I think STFC is a
great opportunity to build on that.

Q205 Dr Turner:What impact do you think the new
council will have on the British National Space
Centre?
Professor Mason: It will be an even stronger partner
of BNSC. We are certainly looking, as part of the
evolution of the BNSC, as I described earlier, to see
how the creation of the STFC can support that and
take the agenda forward in a coherent way.

Q206 Dr Turner: How would you resolve the
obvious tension in the new council between funding
large facilities which gobble upmany tens ofmillions
of pounds, and funding basic science?
ProfessorMason: I think there is no conflict, frankly,
because large facilities rely on basic science and basic
science relies on large facilities. I am comfortable
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that we already have mechanisms in place that
can handle this transparently and achieve an
appropriate balance, and that is what we need; there
is no point having facilities if we cannot exploit them
and there is no point being able to exploit them if you
do not have the facilities, so you have got to have
that balance. We are putting in place mechanisms
through peer review and strategy teamswhichwill be
capable of looking across the whole patch and
making sure that balance is achieved.

Q207Dr Turner: Presumably it will continue to fund
the sort of science programmes that PPARC is
already funding, like the solar system—
ProfessorMason:Absolutely. Solar system research,
as can be deduced from my comments earlier, is a
high priority within PPARC, and will be within
STFC. It is a growth area for various reasons, not
least of which is scientific.

Q208 Dr Turner:Do you want to risk a comment on
the likely budget of the new council? Is it going to be
2007–10? Is it likely to be simply the sum of the two
current budgets or two separate councils, or do you
think you may manage to achieve an increase?
Professor Mason: Of course, the decision is out of
my hands, but if we are to make a success of this new
council and realise its full potential we need to
resource it appropriately, and that requires some
increase—a modest increase.

Q209 Dr Turner: Presumably, there is a risk that the
Treasury might see an opportunity for economy by
combining both in a smaller budget.
Professor Mason: In setting up the new council I
think the Treasury and OSI have both been very
clear that the aim is not to save money; the aim is to
make the UK more eVective in the scientific arena,
and to allow us to compete. That implies that we
need to invest, and certainly that is the assumption
we are making. We are putting together an
infrastructure that will allow us to back the UK
more eVectively.

Q210 Dr Turner: So you are optimistic?
Professor Mason: Yes, of course I am optimistic.
Chairman:We are optimistic too.

Q211 Mr Newmark: Chairman, I am going to have
to declare an interest and draw Members’ attention
to my Register of Interests. Prior to coming to the
House I was a partner at Apollo Management,
which was the largest investor in satellite
technology. How well do academics and
industrialists work together within the UK space
community?
Professor Mason: Extremely well and improving.
We talk about knowledge transfer being enabled by
the movement of people, and there has always been
a very strong tie in both directions between the UK
space industry and academia; they speak the same
language and they understand each other. They have
always worked well together, but certainly within
PPARC and in CCLRC as well we have been
very proactive in encouraging that sort of working,

and putting in place mechanisms and funding
streams that allow that to happen more easily. For
example, our CREST programme for technology
development related to Aurora, where we have
involved industry right from the outset in defining
the mission and not as an add-on once we have got
it all sewn up.

Q212 Mr Newmark: Maybe, Professor, you could
flesh this out a little more. Just looking at the process
whereby you take ideas, projects and R&D to
market, how can this process be accelerated, and,
again, what role do you see the commercial sector,
private equity sector, venture capitalists playing in
this?
Professor Holdaway: First of all, I agree with Keith
that the community does work together pretty
eVectively. However, as with everything in life, it can
do a lot better—and actually in the case of space it
must do a lot better. That is one of the reasons why
there is very low public perception of what the UK
actually does in space. Now, with the formation of
the STFC and the changes going on within BNSC, is
the time to make a real push on public awareness,
not just on how exciting space is but what space does
for the public. In terms of the practicalities of
industry and academia working together, the
BNSC council, which I chair, has on it not only the
funding partners within BNSC but all the other
partners as well, and also now incorporates
industry, representatives of the universities and
representatives of the investment community. That
is becoming increasingly important, as you have
heard in your session before Christmas, with the
HYLAS programme, which is led by the other
David Williams. There is a very good example now
of private money coming into the space programme,
and that has to be good for all of us, not just for
technologists but scientists as well. In relation to the
example I mentioned earlier on, of the terahertz
imaging camera, actually the initial funding for that
was seed-corn funding from the research councils;
the next stage funding was from the Rainbow Seed
Fund, which was set up by government, and the
third stage of funding actually was with venture
capital from outside the UK shores, from the
venture capitalists Porton Capital based in Hong
Kong, who are seeing opportunities for investment
in the UK space programme. So I think things are
beginning to move in exactly the right way, but we
need to do more of it and do it in a more co-
ordinated way.

Q213 Mr Newmark: You talk about the long-term
nature of all this. Is there some concept where you
think about what you are doing, a return of equity
and the transferring of risk from the taxpayer to the
private sector, or does that not really come into it?
Professor Holdaway: For telecoms and navigation
that is fairly straightforward and is beginning to
happen quite radically. It is a little bit more diYcult,
of course, for space science, for which the UK is
second only to the US in the world. We have
absolutely outstanding space scientists in this
country in a number of areas—more PIs and more
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co-investigators than any other country other than
the US—but their ability to do their science is
generated by the technology, by the instruments,
and so we need to work much more closely than we
do even now between scientists and technologists to
develop those instruments so that, not in two years’
time but in 10 and 20 years’ time, we still have world-
leading scientists capable of producing the sort of
data—whether it is data on answering some
fundamental questions like: “Are we alone in the
universe?” or more localised questions, like: “What
is the real eVect of solar activity and human activity
on climate change?”

Q214 Mr Newmark: That is the practical side of
things. Just focusing back on how we do with other
countries and, specifically, how do other European
countries supportR&Dand prime their industries to
prepare them to be competitive, I draw Professor
Mason’s attention to a comment he made exactly a
year ago, where he said: “We need to seriously look
as to what sort of R&D and underpinning
investment goes into these areas in industry in order
to prepare them to be competitive, because we have
a diVerent way of doing things in the UK compared
to many other European countries. It is not a level
playing field, so we have to look and see what is
out there.”
Professor Mason: This refers back to comments I
made earlier, but, essentially, every other major
European country, in addition to supporting space
through ESA, has a large domestic programme,
which feeds ESA programmes and also develops
capabilities that the ESA programme does not. The
UK is alone in not having such a domestic
programme, and that is what puts us at a
disadvantage because it is that sort of early stage
investment nationally that positions us to win
international contracts.

Q215 Mr Newmark: Therefore, your conclusion is
what?
Professor Mason: We need a dedicated funding
stream for technology development, which is what
we said earlier, which is essentially a national space
programme.

Q216Chairman:The previous panel did not actually
support that. You think they did?
Professor Mason: Yes. You mean today’s? Yes, I
think David was quite—

Q217 Chairman: We want a central budget for
R&D.
Professor Mason: Yes, a central budget for R&D
which supports technology.
Professor Holdaway: That is the basis of the joint
space technology programme, as far as the
CCLRC—

Q218MrNewmark:That is the basis of it. That ismy
final question.
Professor Holdaway: The key issue there, of course,
is that the benefits we are reaping now—

Q219 Mr Newmark: How do you measure its
eVectiveness then?
Professor Holdaway: By the science it will generate
and the wealth creation it will generate, not in five
years’ time but in 10 and 20 years’ time, because the
benefits we are reaping now are as a result of
investments 20 years ago. What has happened in the
last 20 years is that the funding for the very
primordial research and technology in science, and
technology in particular, has fallen, and part of it
is because we have next-to-no national space
programme.

Q220 Mr Newmark: So the taxpayers’ funding of
expenditure on research ultimately will have a
benefit to society but maybe shifting the financial
benefits to the private sector. That is what it looks
like is going on here. Is that right? We are putting in
money as taxpayers and society is benefiting, but the
financial benefits are not being seen by the taxpayer
but by the private sector.
Professor Holdaway: The financial benefits come
through to the taxpayer and to industry in 10, 20
years’ time. That is the real crux of it; we need the
investment now.
Professor Mason: It contributes to our GDP which
benefits the taxpayer.

Q221 AdamAfriyie: It seems to me fromwhat I have
been reading that PPARC—Keith, yourself and
your team—are energetic, talented, hardworking
and you have played a key role in the negotiations—
Professor Mason:What is coming next?

Q222 Adam Afriyie: You have played a key role in
the discussions in Edinburgh over the last couple of
days. To what extent would you say PPARC is
managing the UK’s relationship with the European
Space Agency as opposed to the BNSC?
Professor Mason: First of all, BNSC co-ordinates
everything, so everything we do works through the
BNSC. Our director of space science is also a
director in the BNSC. Where PPARC takes a
lead through BNSC is in the mandatory space
programme, because that is entirely paid for by
PPARC without subscription to that, and also now
in the Aurora programme. So our director, Dave
Parker, is seconded to the BNSC and that is the way
the partnership works; he takes the lead for PPARC
but he is also a BNSC person.

Q223 Adam Afriyie:What are the main outcomes of
discussions over the last few days?
Professor Mason: On what?

Q224 Adam Afriyie: On the discussions with the
European Space Agency. You had a stakeholder
consultation over the last few days.
Professor Mason: Are you referring to the
conference in Edinburgh?

Q225 Adam Afriyie: Yes.
Professor Mason: This is part of an ongoing series
which is aimed at putting together this global
exploration strategy we have talked about. This was
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primarily European focused but it also involved
space agencies from around the world and is
increasingly becoming a worldwide eVort. There are
no concrete outcomes; this is part of a planning
process for putting the process together that will
deliver a global space exploration strategy. So it is
one cog in that chain, but I think it is very gratifying
to see the enthusiasm with which our partners are
approaching this and, indeed, the enthusiasm with
which they are seeing our eVorts to play our full role
in that exploration strategy.

Q226 Adam Afriyie: You mentioned that you are
instrumental in the discussions of the Aurora
programme. £75 million was given towards the
project to 2009 because that was mainly to do with
robotics and the mechanical exploration of space. It
seems—is there something sneaky going on—that
the next stage may be manned space flight, in which
case part of our investment may be undermined.
What is your view of the situation?
Professor Mason: No, I think that is not the case. If
you recall, the history of the Aurora programme is
originally as a bright idea started oV very much with
a man focus. Largely due to the eVorts of the UK,
it was diverted into the short to medium term, into
robotic exploration. As I said before, I think we do
need to take a sensible, grown-up look at the role of
humans in space for the future, and I think we are
entirely singing from the same hymn sheet as most of
our European partners, in that there are no current
eVorts in that direction but we are looking at the
options. This is part of the strategy construction,
part of the consultation we are doing to decide how
we should position ourselves for that in looking at
the 15, 20-year horizon.

Q227AdamAfriyie:Myfinal question is really about
the UK’s return on its investment in the European
Space Agency. It would appear that we are not
achieving a proportionate return for the investment
we are making in ESA. I think we are supposed to
get a return of about 0.9 of our subscription fee of
£60 million and we have achieved 0.79, so we have,
approximately, a £7million deficit on what we put in
to what we get out. Do you think that situation will
continue? Is it a temporary blip and how did the
situation develop in the first place?
Professor Mason: David Williams, in the previous
session, gave you a more detailed answer on the
underlying causes, and there is no single cause—a
change in the GDP of the UK, the fact that our
funding is doing well, etc—but I think it does also
play into the concerns we have about technology
development, because in order to win contracts we
have to be prepared, we have to be competitive with
our international partners. Certainly if wemove into
a situation where the ESA rules on juste retour are
forced to change because of enlargement we will
have no protection against not getting a contract.
Right now we do have the protection of juste retour.
The only way we are going to achieve that in the
future, if the rules change, is to be competitive. Sowe
have to really consciously make sure that we put in
the R&D in order to ensure that we are competitive.

Q228 Chairman: Finally, Keith, there is a huge
amount of interest in NASA’s $100 billion
programme, and particularly the invitation to the
UK Government to be part of that. I think that
has fuelled a lot of the interest at the moment in
terms of human space flight, so I think that is
understandable. You have talked today about ESA
and we have mentionedNASA briefly, and certainly
the special relationship we have with theUS in terms
of satellite surveillance. Where do we stand with
other nations, like China and India, perhaps even
Nigeria, who are going into space policy in a much
bigger way? Where do we stand on that?
Professor Mason: I will refer to Richard in a minute
because he has been directly involved in this, but we
have an ongoing dialogue with both the Chinese and
the Indians, and some real hard collaborations,
through ESA, in those areas. I found it very
gratifying that in this global exploration strategy
now the Chinese are involved as well, which is a new
development (as of a year ago they were not); the
opportunities are certainly there and if we need to
capitalise on them we need to invest. This comes
back to the idea that we do need a resource in order
to enable some of these, frankly, huge opportunities
that are appearing over the horizon. Richard has
been directly involved in these activities.
Professor Holdaway: It is a very interesting issue.
Of course, the UK already works with China and
we have one operational science programme with
them, although the interface is through the
European Space Agency. We are two years away
from the launch of an Indian mission that will carry
UK scientific instruments on board, and we are just
about to start negotiations with the Brazilians.
With the Chinese the issue is really interesting
because the Government, as you know very well,
has a strategy for doing business with China, and
although we have been doing scientific business
with China for many, many years we are only now
just beginning to work with them on the technology
side, on the spacecraft instrumentation side. What
we have missing in this country, however—we have
the funding to go and talk to the Chinese—is we
have no money to start initial programme
developments with the Chinese, and that would be
part of the CSR bid. Certainly the Chinese now are
oVering a lot of support to our programme; they
are oVering technology that we do not have access
to; we are oVering to share unclassified technology
with them, and those discussions, led by the
previous Minister (and I am sure the current
Minister will take over) have gone extremely well,
and we are just about to have a second set of joint
meetings with the Chinese. It is looking, I must say,
extremely promising.

Q229 Chairman: So we are not putting oV those
avenues.
Professor Holdaway: No, absolutely not. Nor with
the Indians, nor, in fact, with any other country. We
currently work in my own laboratory with 34
diVerent countries.
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Q230 Chairman: It would be very useful to have a
note on what negotiations you have with which
countries, so we can include it in our overall report.
Professor Holdaway: Yes, we will provide that.

Chairman: On that note, can I thank Professor
Mason, Professor Holdaway and Air Vice-Marshal
Moran very much indeed for the session. I am sorry
we have gone through it at a pace but we are very
grateful to you, and thanks to the Committee for
being so patient.
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Witnesses:Ms Julie Bramman,Divisional Manager for School Curriculum, Department for Education and
Skills; Dr Robin Clegg, Head of Science and Society, Particle Physics and Astronomy Research Council
(PPARC); Paul Spencer, Evaluator and Consultant, Space Connections; and Professor Alan Wells,
Emeritus Professor and Leverhulme Emeritus Fellow, University of Leicester, Non-Executive Director,
National Space Centre, gave evidence.

Q231 Chairman: Could I first of all say how
delighted the Science and Technology Select
Committee is to be here at the Space Centre in
Leicester and thank all our witnesses today for
giving evidence to us. Can I introduce Dr Robin
Clegg, the Head of Science and Society, at the
Particle Physics and Astronomy Research Council
(PPARC); Ms Julie Bramman, the Divisional
Manager for School Curriculum, Department for
Education and Skills, I thinkwemet in another guise
some time ago; Paul Spencer, the Evaluator and
Consultant for Space Connections; and Professor
AlanWells, the Emeritus Professor and Leverhulme
Emeritus Fellow, University of Leicester, and the
Non-Executive Director of the National Space
Centre. Welcome to you all and thank you very
much indeed for giving us evidence. Could I
welcome also students and anyone else who has
come along this afternoon. The inquiry that we are
involved in is looking at Britain’s role in space,
looking at the space industry, and in particular
looking at the way in which space and space policy
inspires young people to become involved
particularly in physics and astrophysics but also how
it inspires them to learn. I wonder if I could perhaps
start with you, Professor Wells, we have been told
that space stimulates young people’s interest in
science; what evidence is there of that or is this just
very nice equipment and ideas to look and engage
with?
Professor Wells: I do think we have got a bit more
than just nice feelings about this. I will mention two
pieces of data and I did actually provide some slides
here that you could have a look at while I am talking.
Firstly thismorning you heard fromMartin Barstow
about the nature of the science programmes in space
and astrophysics. We have been looking at the
graduate output from that and over the past decade,
where the overall number of physics students has
stayed pretty constant at about 2,500, within that
physics cadre the number of graduates studying
astronomy, astrophysics and space has gone up
four-fold. I think that first of all is a reflection of the
attractiveness and the enthusiasm that this subject as
a whole generates. At the other end of the scale here
at theNational SpaceCentre we have been operating
now for about six years and during that time the
education programmes have built up to the point
where we are seeing some 50,000 young people
mainly in the Key Stage 2 and 3 group coming

through and having visits here. There is a small study
that we have just concluded and the data is there in
one of the charts for you. The Endeavour Learning
Centre, which you visited this afternoon, have
tracked the group of children who went through in
2004–05 and they have measured the change in their
level of attainment going from Key Stage 2 to Key
Stage 3 and the results have staggered me, frankly,
because we are finding 91% of the group that went
through the Endeavour Learning Centre activity
have shown an increase in level of attainment of one
level or more going fromKey Stage 2 toKey Stage 3.

Q232 Dr Spink:We are all totally sold on this, I am
sure, it is a fantastic project, but what we need to
make sure is that the project not only continues to
the future but that we get projects in other parts of
this country similar to this, and we need evidence to
present to politicians. We need to know that these
kids are not only increasing their ability and attitude
towards science and engineering but they are
actually taking it up and they are choosing those
options for their education and careers later on. Are
you tracking the kids that are going through at all
stages so that we can get that evidence?
Professor Wells: I have to say we are really only just
starting to do that and we should have woken up to
that a bit earlier, undoubtedly. There was a study
done in 2002 by Tim Jarvis who is now the Director
of the Science Learning Centre of kids who went
through the Challenger Learning Centre and there
again there was another strong indicator of an
uptake of interest even among children who
previously did not have an interest in science. I do
take your point about continuity and we are trying
to do something about that here.We have embarked
on a new project which will be a pilot education
project involving education workshops for kids
coming up to GCSE, so the 14 to 16 age group, and
then the 16 to 19 age group, and we have co-
operation with the colleges of further education as
well as the sixth form colleges who want to do this,
so the thing that we have identified is that there
actually is a gap between the Key Stage 2/3 support
which is done in quite a lot of visitor science centres,
and done very well I think, and this continuity
through to the GCSE and the A level, and we are
now going to do something about that. We are some
nine months into the project to set that up and that
will include courses and familiarisation for the
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teachers as well as the students. We are putting in
place the process to track that but we have not, apart
from the two studies I have mentioned, got very
much data so far.

Q233 Dr Turner: How narrowly focused was the
improvement in Key Stage 2 performance that you
have registered? How far did it spread across the
children’s curriculum? Was it confined to subjects
that could be related specifically to space or was it
wider than that? Did they show an improvement in
maths and in language skills or whatever?
Professor Wells: I think the improvements you can
point to are in the physical sciences because that is
where we are targeting, but you also get this added
benefit of practice and achievements in team work
and communication as well which are social skills
that go with this. I make no apology for the fact that
we are at the moment focusing mainly on the
physical sciences because we identify that this is a
Government target from the Science and Innovation
Framework Report of last March and I think that
space is an inspirational educative tool that will
achieve results in time in that area.

Q234 Chairman: But clearly this is a Space Centre
here and I asked the question earlier as to what was
the average distance of students who visited the
centre and the answer was roughly about two hours’
drive, an average of 65 miles, which means that
people in my constituency, which is the very
impoverished constituency of Harrogate, and north
right through Newcastle and so on are not going to
be able to access centres like this. What evidence is
there in your experience that space is actually a turn-
on to the physical sciences across the country? Can
I ask Julie that question.
Ms Bramman: The ROSE Review last year
highlighted that there are quite important
diVerences in what interests young girls and what
interests young boys in terms of science with girls
being interested in things mainly about self and
about health, climate change and those sorts of
things and boys aremuchmore interested in robotics
and destructive forces—gender stereotyping I know
but those were the findings. They also found that
both boys and girls were interested in space and its
mysteries and in exploration, and so we are as
convinced as Professor Wells is that this is a
motivating area of the curriculum.

Q235 Chairman: You see what worries us as a
Committee—and it was really the question that both
my colleagues picked up—is where is the quantity
and quality of data which actually shows that
investing in space is a good investment for education
for turning young people on because there does not
seem to be any quantitative data or qualitative data.
Who should be doing that? Who should be pulling
that together? It is surely not the job of the Space
Centre here?

Ms Bramman: Obviously they will want to evaluate
their own programmes and that would be a sensible
thing to do. More generally I think there obviously
is a call for more evidence than we currently have
about space or any other element of the curriculum.

Q236 Chairman:Who should be doing it?
Ms Bramman: I am not quite sure who should be
doing it.

Q237 Chairman: Have a guess.
Ms Bramman: I take it you are thinking it is my
department that should be doing that.

Q238 Chairman: Yes. Would you agree with that
though, that it should be the DfES?
Ms Bramman: I think that it could well be the DfES.
Chairman: That was very diplomatic.

Q239 Chris Mole: Can I just follow that up. Would
that be through somebody like the NFER?
Ms Bramman: We would put it out to tender. The
department has a research programme into
education where its priorities are set on an annual
basis and agreed by the Secretary of State and then
those research programmes are put out to tender.

Q240 Chris Mole: Given the Government’s current
commitment to the personalisation agenda is it not
quite important that it gets this sort of evidence for
these sorts of programmes?
Ms Bramman: I think all evidence that we have
about what motivates young people and what turns
them on to science and other STEM subjects where
we know we need a skilled workforce in the future is
good evidence.

Q241 Chairman: Dr Clegg, perhaps PPARC should
be doing this then if it is not the DfES.
Dr Clegg:We have certainly done some work in this
area and we would be very glad to work with the
DfES. Can I just mention a couple of other reports
that helped to form the evidence base. First of all, the
report that we commissioned by Professor Martin
Barstow included a rather small survey of teachers
who gave evidence on the inspirational value of
space and the eVect on their children. Secondly,
there was the document The Education and Skills
Case for Space by my colleague Paul Spencer and
Graham Hulbert which was jointly commissioned
by PPARC and three other agencies. Thirdly, I
could point to a report published by the Nestlé
Social Research Foundation by Professor Helen
Haste who investigated young people’s views of
science and technology and that did distinguish
between boys’ and girls’ responses. Between the
three of them that does contribute to the evidence
base, including some quantitative information from
Scotland where the organisation Careers Scotland is
running a very large volume of space camps and
space schools, and the quantitative data that is in
Paul Spencer’s report which I believe the Committee
has. The survey by Professor Barstow was jointly
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commissioned by PPARC and the DfES and the
British National Space Centre and so that perhaps
was an example of us working together.

Q242 Chairman: I needed to put that on the record.
Paul, could I come to you and indeed your report
here; do you believe that UKmanned space flight or
human space flight would really be the inspiration
and the lever which turns the tap on for young
people being interested in studying physics and
going on to post-16 to do A2 and AS and then on to
university?
Paul Spencer: It is a diYcult question to answer
whether UK manned space flight would do that but
certainly when you ask young people what jobs are
available in the space industry, the predominant
answer is that of an astronaut. In fact, a lot of people
think that is the only job there is in the space industry
and therefore that would rule out most members of
the UK as you suggest. There certainly is a lack of
awareness among not only young people but among
the populous in general, even highly educated
people, about the nature of the UK space industry.
Because we are involved largely in the utilitarian end
of things in terms of satellites and communication,
all vitally essential for those other things but—

Q243 Chairman: I will come back to that but in
terms of human space flight but do you think if
the UK Government supported it in the next
Comprehensive Spending Review that it would be a
big turn-on in terms of solving that?
Paul Spencer: Yes, it would.

Q244 Chairman:Would you all agree on that? Can I
just get an answer. I only want a yes or no. You said
no Professor Wells.
Ms Bramman: No.
DrClegg: PPARCbelieves it would be a turn-on but
of course there are many wider considerations.

Q245 Dr Turner: But in the States people have had
the opportunity to be astronauts continuously now
for about 20 years and the “Apollo eVect” of
promoting interest in science and engineering has
tailed oV, so why is that then? Why given the United
States’ experience do those of you who believe it
would be positive in Britain think that there would
be a diVerence?
Paul Spencer: Because the human space endeavours
are the ones that grab the imagination rather than
launching satellites and so on.

Q246Chairman: But they have not with Apollo. The
Apollo eVect has tailed oV and there is the same
eVect in the States as is what is happening here that
fewer students are doing the physical sciences,
particularly physics and mathematics in high
schools and universities. I will leave that.
Professor Wells: Perhaps I could qualify my dissent
if I may. I do take the view that the UK non-
involvement in present human space flight with the
International Space Station is a correct position. It
is a correct position because—

Q247 Chairman: I am not asking that question. The
question I am asking is really would manned space
flight inspire young people and you said no.
Professor Wells: Then I would say that if the UK
were to be involved for other reasons in exploration
to the moon and beyond, there would be a positive
eVect but I do not believe it is a silver bullet.

Q248 Dr Turner: And you do not think that robotic
exploration will capture the public imagination in
the same way, remembering the Beagle story when I
seem to remember people getting quite excited even
if they were let down with a bit of bump (as was
Beagle).
Professor Wells: It was a very big bump. I was there
on Christmas morning waiting and waiting. We
found for example there was a 15% uplift in visitor
numbers here. We put the Beagle 2 operation here in
the public visitor centre and it was the first time it
had ever been done. There was an inspirational
aspect too which we have seen, and I think that the
continuation of that interest into planetary science
with the UK taking a prominent position in robotic
exploration of the solar system is a direct
consequence of the public interest in Beagle 2 so
there is a big inspirational aspect.

Q249 Chairman: In response to this do you accept
that robotics is a turn-on to young people, this idea
of developing sophisticated robotics running around
on the moon or Mars or whatever?
Dr Clegg:Yes I do. We saw, as ProfessorWells said,
very large public interest in the Mars Express
mission with the Beagle 2 lander and we have the
press cuttings and the statistics to prove that and
stories from Professor Pillinger of children getting
up on Christmas morning and asking first, “What
happened to Beagle?” before they asked, “Where are
my presents?”

Q250 Chairman: Or “Where is Santa?”
Dr Clegg: Similarly, with the Cassini-Huygens
mission and the landing of Huygens on Titan where
there was strong public interest the following
Christmas, so, absolutely, robotic exploration can
be very inspirational particularly the specific events
and incidents, landings and so on. While manned
space flight is inspirational, and of course I would
agree, it is not amagic bullet, and robotics has a very
strong inspirational value too, and there are many
wider considerations including the cost and other
things that need to be borne in mind.

Q251 Dr Turner: In terms of the cost it is quite
obvious that even if the UK were to go back into
manned space flight there is no way that we could
aVord to do it on our own and we would only be a
minority partner in a joint enterprise. Do you think
that this would still capture the public imagination,
especially as even that sort of extra investment could
count against some of the robotic work that is
already being done, so there would be a price to pay
for that as well?
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Dr Clegg: That is the crunch. PPARC would not be
in favour of investing in this manned work if it
harmed what I will call the UK space science
programme, the robotics and so on. PPARC would
be very concerned about that. The human
programme would come at an extra cost. I think
costs are coming down actually. There is the concept
now of taking taxi missions on a Russian spacecraft
up to the space station and so on, and that is not that
expensive, one could have a programme for under
about £10 million a year, but we would be most
concerned not to harm the current UK space
programmewhere theUK is very strong in designing
and building instruments for doing space science
and is a world leader on that.

Q252 Dr Turner:Do you think there would still be a
benefit in public interest if we were able to get a
foothold back in manned space, assuming that we
could do it without damaging the rest of the work?
Dr Clegg: I think there would be some inspirational
value but it is definitely not a silver bullet and
there is a limited scientific case, as has recently
been annunciated by a report from the Royal
Astronomical Society, and I think great scientific
progress can and should be made through the
robotic programmes.

Q253 Dr Turner: Paul, a last word from you on this
before we move on. Human space flight is not the
silver bullet to turn young people on.
Paul Spencer: There are so many diVerent aspects of
space. The value of space to education is not just
about humans in space, that is the tip of the iceberg.
There are an awful lot of other aspects of space
which make it a very attractive proposition to a lot
of people and, as Julie says, there are diVerent
aspects of space applying across diVerent genders
and age groups and so on.

Q254 Chris Mole: Dr Clegg said the price is coming
down for a manned entry on a Russian vehicle of
some sort; what are we talking about?
Dr Clegg: I am not an expert on this but I
understand from colleagues that there is a concept of
a taxi mission on a spacecraft up to the space station
and things like that with costs of £10 million to
£15 million a year so there could be a programme
over five years. I am not an advocate of it, I am just
commenting.
Chairman:We did know that but it would be useful
to have a little note on that from PPARC in terms of
those costs and that alternative way of getting
people into space.

Q255 Dr Spink: On that point is there though a
negative side to that coin as well? I am an enthusiast
of that but should we not consider the negative
impact if anything ever went wrong in the setting
back of space and the public perception of space
exploration?
Dr Clegg: Yes, space is a risky business.
Dr Spink: I just wanted that on the record.
Chairman: Adam, you have been very patient.

Q256AdamAfriyie: I would like to return briefly just
to examine a bit more the educational aspect of the
space industry. It is quite clear that there is a
systemic lack of science, technology, engineering
and mathematics students and they are obviously
feeders into the space industry if you like. If do not
have the students or the graduates you do not have
your raw material for the space industry. David
Williams, the British National Space Centre
Director General, gave evidence and he told us that
“we could do more” on space education. Do you
agree that the British National Space Centre could
do more and do you agree that more needs to be
done in the area of STEM subject encouragement? It
might be better if Professor Wells and Robin Clegg
answer I think and then we can move to the DfES.
Professor Wells: I think the answer is yes to both.
Certainly one of the diYculties that we encounter
both in linking together the education programmes
coming out of the universities and the education
programmes here is the very disparate nature of
funding to support these programmes, so we have a
little bit here from ECSITE, a little bit here from
PPARC (we can always have more!) and EMDA
and our own internal investments to keep these
education programmes going whereas a joined-up
approach would be very beneficial. In my
recommendation to you in my written paper I tried
to develop that theme and I did not develop it simply
as a regional objective but as an objective to roll out
as a pilot on a national basis. We would look to
BNSC as the agency with the space expertise as an
organisation that could help us to consolidate these
diVerent activities because they do cut across
diVerent departments and the partnership that
BNSC embraces is the partners that have an
interest in this, they look after the interests of the
industry. There is a DfES involvement with the
Communications Group of BNSC and we do bring
together the important academic blue skies aspect of
space in the universities and the applications
programmes in organisations like NERC so there
are the means to bring it all together. What we need
is the motivation to join all these pieces up.

Q257 Adam Afriyie: And from your perspective, Dr
Clegg, you clearly fund certain parts of research and
education but do you think the BNSC could do
more?
Dr Clegg: Can I mention my three hats: firstly as a
personal champion for space education; secondly as
a PPARC representative; and thirdly as a partner in
the BNSC partnership. Can I also correct something
I said earlier because when I gave a PPARC view on
this that was my personal view as a champion.
PPARC does not really have a policy on this since
our remit is space science. Turning to your question,
PPARC the research council supports the use of the
inspirational value of space to engage young people
and try and attract the next generation of scientists.
We have a budget of £1.25 million a year for our
Science and Society programme and perhaps
roughly half of that goes on projects related to
astronomy and space with a selection of small,
medium and large investments, so we work hard at
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that. Our remit is limited to space science. Speaking
as a partner organisation in the BNSC partnership
we are very keen to facilitate better arrangements in
the United Kingdom. There is a wealth of small
and medium-sized regional and local initiatives
providing support in what is called the STEM
area—science, technology, engineering andmaths—
for schools formally and informally and there is a
perceived need to co-ordinate this better and to
provide a better linkage to the European Space
Agency and the education programmes and
resources it has.

Q258 Adam Afriyie: If there is a need who should
perform that function?
Dr Clegg: I was just coming on to that because we
have given a green light and political endorsement to
a new arrangement which is for a Space Education
OYce which will provide strategic leadership, be a
co-ordinating centre, and will provide a better
relationship with the European Space Agency.

Q259 Adam Afriyie: And would you see that as
sitting within the Department for Education and
Skills which I think most people would assume to
have responsibility for the STEM subjects?
Dr Clegg: I see it as being supported and funded by
one of the regional development agencies, Yorkshire
Forward, and very much with a management board
that comprises the BNSC partners, and I hope
the DfES would join us and some other key
stakeholders.

Q260 Adam Afriyie: Can I press you on just that
point. Why would it be the responsibility of a
regional development agency in the area of
education in basic subjects which feed into space
research? Why do you say that a specific regional
development agencywould have a function orwould
play a leading role in that respect?
Dr Clegg: That RDA made the oVer to do it. In the
RDA network each RDA leads on a specific area
piloting new ideas and then trying to roll them out
across the other nine regions. Yorkshire Forward
RDA was assigned to lead on the skills agenda and
they are investing sums of the order of £9 million to
£10 million in STEM enrichment for the nation’s
skills agenda.

Q261 Adam Afriyie: Can I ask you, Julie, as the
Department for Education and Skills are you
comfortable with those sorts of cross-meshing
financing initiatives that may conflict with your
diVerent objectives?
Ms Bramman: Can I set out the background around
science and STEM and the work we are doing there
within which this initiative should nestle when we
fully roll out the new infrastructure that we are
looking at. There have been two really important
reports in 2006, one being the Next Steps document
that has already been referred to which set out the
department’s targets and a number of activities it
would do to strengthen the teaching workforce in
physical science and mathematics, and also the
STEM mapping report by Sir Alan Wilson that

came out in the autumn about the underpinning
infrastructure and delivery model to do precisely
that co-ordinating, leadership role that you are
talking about in terms of this Committee for space
but for the wider STEM agenda so that we do not
have a space initiative and then a natural sciences
initiative, but what we are looking for. And the
department has appointed Professor John Holman
as the national STEM director, is having a national
STEMcentre and then regional STEMcentres based
on the science learning centre model with a local
delivery network as well, where you will be able to as
a teacher, ie the end user of quite a lot of what we are
talking about in terms of resource and education
initiatives such as the centre we are in today, have
things clearly signposted to you that are quality
assured, you know where to go for your CPD and
what support is available in your locality. So within
that wider infrastructure structure that Professor
Holman is considering and will be advising the
department on over the next month or so I can see
quite clearly how the model that both Yorkshire
Forward and others are taking forward could nestle
within that framework.

Q262 Adam Afriyie: And you are comfortable
relying on other organisations to drive the services
required?
Ms Bramman: I think the department always looks
to work in partnership with others and not take
everything on itself. The science learning centre
network is funded jointly with the Wellcome Trust
and the department. The department funds directly
the regional centres and the Wellcome Trust funds
the national centre and we are very comfortable with
those sorts of arrangements and with the regional
STEM hubs that Sir Gareth Roberts among others
has helped to develop.

Q263 Chairman: I just want to clarify the initiative
that you were talking about, Dr Clegg, was that
responding to this initiative by the DfES or are you
talking about the ESA initiative which in fact you
are taking part in together with the DfES?
Dr Clegg: It was initially the ESA initiative; the
European Space Agency wishes to run pilots for
Space Education OYces in some of its Member
States.

Q264 Adam Afriyie: That is very helpful. My final
question is really that without people choosing
STEM subjects at GCSE level—I was about to say
O level and betray my age!—or A level, clearly there
will not be the supply of people for the space
industry. What is the DfES doing in headline terms
to encourage students to take up STEM subjects at
school because what we have seen here today at the
Space Centre is fantastic and very encouraging way
of getting youngsters interested in studying science
because they want to get oV into space and pursue it
as a career, but what else is the DfES doing?
MsBramman:Can I just preface this with something
I did not get to qualify my answer on earlier which
is the department has done some analysis as to the
influences that young people have which determine
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whether they choose STEMA levels or not.We have
got amulti-variantmodel and we can share that with
the Committee if you want. Interestingly, interest
and inspiration around science does not necessarily
mean that a young person is going to take that
subject up at A level. There will be a number of other
factors which also have a determination. The single
most important measure is prior attainment. Young
people who get anA star in double science or physics
are much more likely to take physics at A level, all
other factors being taken into account. I think that
is quite important to have as our background. There
are a number of steps that we are taking. We have
just funded the SETNET network to pilot 250 after-
school science and engineering clubs and I am sure
therewill be a lot of space exploration in that.We are
continuing to fund CPD for existing science teachers
through the science learning centres and national
strategies and working with TDA to improve the
number of physics and chemistry specialists there are
in the teaching profession through initial teacher
training as well as in-service diplomas and
enhancement courses.
Chairman: Julie, you have given us a flavour of that
and we have got this in written evidence so I will stop
you at that point. Des, you wanted to come in there.

Q265 Dr Turner: Just a quickie to Dr Clegg, do you
know if the directors of “Swindon Town Football
Club” have given any thought to their future
involvement in space education?
Dr Clegg: Not yet because we are still planning the
merger of the two organisations and rapidly
designing a structure and so on. I think it is fair to
say the directors fully expect to continue the work in
using the inspirational value and I believe that there
is an exciting opportunity to do more. In particular,
PPARC the funding council will be in the same
organisation as Rutherford Appleton Laboratory,
which has a wide remit of space science.
Adam Afriyie: They could kick the first football
into space!

Q266 Chairman: We are moving oV the football
analogy and for anyone who does not know,
Swindon Town have nothing whatsoever to do with
this, it is the Science and Technology Facilities
Council.
Dr Clegg: The transcript should be interesting!

Q267 Dr Spink: I want to look at the co-ordination
of the science and space education initiatives. Do
you think it is well co-ordinated at the moment or do
you think there could be improvements and more
focus on co-ordination? This is just a general
question perhaps, a very, very short one-sentence
answer from each of you, and then I will get specific.
Paul Spencer: Professor Barstow’s report
highlighted that there was a need for co-ordination
or at least coherence across this welter of initiatives
around space and that is the thing that Yorkshire
Forward has picked up on and has developed. There
is a need for coherence.

Professor Wells: I agree with that. As I said earlier,
putting together educational programmes with
diVerent sponsors and diVerent funding sources and
diVerent long-term objectives makes it a very
diYcult activity. I think there is a big role for
entrepreneurial activity and get-up-and-go to make
this happen and I think that the involvement of
scientists who are really doing space science in these
education programmes is a vitally important lever.
Ms Bramman: I would agree but within a wider
STEM context as my earlier answer would have
suggested.

Q268 Dr Spink: You would agree with what?
Ms Bramman: That there is room for better co-
ordination.
Dr Clegg: On behalf of the BNSC partnership I
would say we have recognised the need for better co-
ordination and that is why we are supporting the
coming Space OYce which I hope will both
implement many of the recommendations of the
Barstow report and provide a better link with the
European Space Agency.

Q269Dr Spink: Paul, could I ask you which body do
you perceive took the initiative in driving through
the National Space Education Initiative?
Paul Spencer: As I have repeatedly said, Yorkshire
Forward picked up on an initiative recognising a
need. You are quite right, it does not have
responsibilities across the rest of the country but
there is no point co-ordinating things just in
Yorkshire, there is a need nationally to co-ordinate
this. In my report—

Q270 Dr Spink: There is nowt wrong with
Yorkshire.
Paul Spencer: There is nothing wrong with
Yorkshire. We are developing a new planetarium
not far from the Chairman’s constituency, if not in
it, at Harewood. In this report it is not just a matter
of space education and it is not just a matter of
replenishing the skills needed for the space
education. It is more to do with space in education
and space across education than about space
education as such. NASA itself in its educational
mission is quite overt about wanting to replenish its
own stock. I do not think ESA or in the UK we take
quite such a narrow focus as that. Space improves
participation in science. I gathered what evidence we
could last year on that. Across the board space
improves participation in science; it improves
attainment in science; it improves retention in
science, people stay on and take science longer; it
improves progression in sciences; it improves maybe
even employment in the science industries, it is not
just about within the space industry itself. There is
one statistic that came out of the last year’s work
here that I think will throw some light on what you
are saying even when people have got through a
degree in aerospace engineering 60% of them do not
go to work in the industry. There are many people
who say that is a good thing because the more that
politics and management and law and finance are
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staVed by people who have an understanding of
science, the better, so it is a good thing, but that was
quite a staggering statistic.

Q271 Dr Spink: What do you think, Paul, the key
factors are that stop them? Is it because the industry
does not oVer them an attractive enough deal in
terms of the opportunity for career development
and pay?
Paul Spencer: I think it was quite simple; the City is
the big poacher of people who are numerate, such as
engineers.

Q272 Dr Spink: Robin, as PPARC you are a very
important part of the partnership with BNSC. Do
you think that the DfES should also be part of that
partnership with BNSC?
Dr Clegg: The DfES is a member of the BNSC
partnership that was signed by ministers.

Q273 Dr Spink: Do you think that it should be
more active?
Dr Clegg: That is for the DfES to say but we would
certainly welcome that from our side.

Q274 Dr Spink: Julie, do you think that the DfES is
ready to lock horns and become very proactive in
that partnership now?
Ms Bramman: I think the DfES has of late (and I
think David Williams said this as well) not been as
active as it has been in the past, say two or three
years ago, but we have been an active member of the
partnership and we value that partnership as much
as the BNSC do. I met BNSC colleagues recently
and we will be meeting again for a debrief after this
session, so the links are definitely there.

Q275Dr Spink: So you are going to look at reforging
those links and becoming more proactive in the
future?
MsBramman: I would certainly be happy to say that
we need to strengthen our links over, say, the last
year or so.

Q276Chairman:Can I put one question back to you,
Paul. I am a little confused because in the report that
you wrote which came out of Yorkshire Forward’s
initiative, where is the link between that and the 2005
BNSCNational Space Education Initiative?What is
the link between the two, if any?
Paul Spencer: Which particular initiative are you
referring to in 2005?

Q277 Chairman: I am talking about in 2005 BNSC
developed a National Space Education Initiative
which was to inspire young people to achieve in the
STEM subjects. Where did your report fit into that?
Paul Spencer: That predated the report and also the
establishment of the—

Q278 Chairman: Sorry, your report pre-dated it?
Paul Spencer: No, that initiative and that intention
pre-dated this report.

Q279 Chairman: And your work has come out of
that?
Paul Spencer: Yes.

Q280 Chris Mole: Looking at the support that
teachers of science get, we asked for some views
locally and we got some comments that the teaching
of science could be quite dull unless the right
resources were available. Could I ask all of you who
you think is responsible for providing space
educational materials for teachers, how are they
advertised and howmight they be improved?Do not
all rush!
Paul Spencer:My findings were that the majority of
resources used in this country emanate from NASA
becauseNASAhas a very well developed, very easily
accessible website with a whole host of high-quality
resource so it is quite evident that most of the stuV

that is around comes from there. The European
Space Agency are quite keen (because the UK is a
member of that organisation) that we should use
more European resources and hence their initiative
to set up the ESERO oYces, the European Space
Educational Resource OYces, to make their
material more accessible to teachers as well. In
answer to the last part of your question what should
be done, I think the things they have done in
Scotland with the resources that are around are an
example of what should be done. In other words, the
teacher does not have to look through the NASA
resource and theESA resource and all the others and
think, “How could I use this and how could I use
this,” but rather the other way round so they
mapped it against the aspects of the national
curriculum and a teacher will say, “I want to cover
this bit of the national curriculum,” and they will
then be pointed towards bits of the NASA resource
or ESA resource that will fulfil that. What needs to
be done is amore thoroughmapping that way round
rather than expecting teachers to wade their way
through a mass of material and then say, “Oh yes, I
could use that for this bit of the national
curriculum,” so it is a kind of reverse mapping.
Professor Wells: I could give you a local view on
that. You heard this morning fromMartin Barstow
that the Department of Physics and Astronomy has
had an active outreach programme and that has
included preparing and developing material that
matches into the syllabus and connections with the
regional science learning centres as part of that
process and that, of course, is work that is linked first
of all to the direct research output from the
universities but then distilling that down to the age
groups and support for teachers, so we certainly
have contributed in that way and then here at the
National Space Centre there is a somewhat similar
activity. I would mention for example all the
material that is used to support the Challenger
Learning Centre missions here initially was NASA-
related material from Challenger which was then
adapted and modified to match to the UK syllabus
by people in schools and universities and that is a
process that continues to occur here as we roll out
education programmes that are run from the
National Space Centre. I agree with Paul that there
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is a plethora of information that is available on the
NASA website. Not much of it—and this is an
American experience as well—is actually very user
friendly. It is there and it is put out on the back of a
space mission. NASA has assigned something like
2% of its mission costs to outreach and education
programmes, but it is an open-ended activity of
pushing out material into schools and they have
space ambassadors that do that. The feedback from
that is very minimal and if we are going to do more
of that (andwe do some of it) then the feedback from
the use of those resources is an important metric
which we do not have at the moment.
Ms Bramman: I think I would agree that the issue
really is one of signposting of what is useful and
what is not for teachers in that aspect. One of the
actions in the STEM report is for the National
Science Learning Centre to become what is
described in the report as the British Library for
STEM—CSR permitting, I have to say that at this
point in the cycle—but I think that there is clearly a
job to be done in seeing how we can quality assure
and pointing teachers in the right direction. The
science learning centres are already doing some of
this stuV. They do for instance run courses on how
to use the Faulkes telescope and how to introduce
that into your teaching and learning, just as one
example, but there is more that could be done.

Q281 Chris Mole: Before Dr Clegg gives an answer
he might also want to suggest how PPARC assesses
the eVectiveness of its own educational materials.
Dr Clegg: On your first question, a variety of
providers produce educational resources. That does
seem reasonable to me because it allows for
innovation and creativity in the educational market
place and, as Julie says, it would be advantageous to
help teachers find the best resources, and I hope that
the coming Space Education OYce will be able to
have a good one-stop shop website to give teachers
the clearest information on what is available.
PPARChas concentrated, given its remit, on linking
current space science activities with schools and
the curriculum. For example, we produce or
commission schools resources on Mars Express,
Beagle, Cassini-Huygens and so on. To develop,
design and market those we work with educational
partner organisations such as the Institute
of Physics, the National Science Teachers
Organisation, theAssociation for Science Education
(ASE) and we are very keen indeed on these national
partnerships. When we produce or invest in a
resource we do insist on evaluation. That does
however tend to produce an immediate evaluation—
the eVect of the event at the time or teacher
satisfaction questionnaires, methods like that. I
would say that it is extremely diYcult to assess the
ultimate long-term impact on students on their
attainment or their subject choice. Can I just note in
that regard a new initiative funded by one of our
sister research councils, the Economic and Social
Research Council (ESRC) who have a £3 million
scheme for key research questions in science and
maths at schools and it is hoped that that would be
a suYcient amount ofmoney to fund some very deep

and more sociological long-term studies on what is
eVective in the STEM support area, including
hopefully some longitudinal tracking studies that
may last five years. That is a gap in the evidence base
so I think the ESRC proposal (of which PPARC is
part although not a significant funder) should be
able to help us in a few years’ time.

Q282 Chairman: Just before you move oV this
question, Julie, were you saying there that you
thought the science learning centres should have this
key role of co-ordinating these materials?
Ms Bramman: I said the National Science Learning
Centre.

Q283 Chairman: So the National Centre at York
should have that key responsibility?
Ms Bramman: That is one of the recommendations
in the STEM report that came out last autumn.
Paul Spencer: Could I add, Chairman, in case you
think that separate initiatives are developing around
science learning centres and the ESERO oYces, that
is not the case at all.

Q284 Chairman: I was thinking that.
Paul Spencer: We are in very close communication
with the Science Learning Centre and at the moment
there is a six-month consultation phase taking place
about the best arrangement in this country for the
ESERO oYce, as it were, and it is looking almost
likely that the Science Learning Centre will be very
much the solution to that. They are very keen to be
heavily involved in it. It is not two separate
initiatives going along; they are very much going
along in partnership.

Q285 Chris Mole: Professor Wells, how does the
BNSC work with the National Space Centre in its
outreach work in schools and what are the
challenges facing those doing outreach work in
schools?
Professor Wells: On our relationship with BNSC I
wouldmention first of all theDirectorGeneral of the
BNSC is a trustee of the National Space Centre and
so through that connection we have communication
on issues of policy. The BNSC also has contributed
substantially in the past in the proposal from here to
establish the Beagle 2 lander operation control
centre in this place and to put it in the public domain,
so we are very much a partner in that activity. I
would say their involvement in the day-to-day week-
to-week delivery of education and outreach from
here is quite minimal actually. We do consult with
the Space Communication Group but we are not
represented on that group so we are essentially
freewheeling on that.

Q286 ChrisMole:Miss Bramman touched earlier on
CPD. Do any of you have any views on what
improvements can be made to current arrangements
for continuing professional development for science
teachers?
Ms Bramman: I think I explained the department is
already funding quite a lot of CPD for science
teachers and is aiming to introduce new diplomas in
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subject specialism to ensure that people are not just
getting sound bites of CPD but are really engaging
with deep subject knowledge which I think is an area
where if we are going to have the proportions of
physics and chemistry teachers alongside generalists
and biologists in our schools that we know we need
in order to give all pupils a rounded education, that
is wherewe see the gap at themoment. Betweenwhat
is on oVer in the science learning centres in the
cutting edge inspirational courses and also the
tailored general support the national strategy has
given, I think generally the department has a very
good story to tell on CPD in science.
Dr Clegg:May I add that from the point of view of
BNSC partners and especially the research councils,
again not reinventing the wheel, we are very keen
indeed to help oVer CPD through the science
learning centres. We have run some pilot courses in
collaboration with them with strong evaluation on
the basis of that. There is a bid going toGovernment
as part of the CSR for a much larger national
programme of science-related CPD courses
including space.
Professor Wells:Having consulted my colleague for
further detail, again the National Space Centre is
very much a hands-on organisation in that respect
and Gareth tells me that we are involved in
something like 20 to 25 CPD courses in a typical
year.
Paul Spencer: In addition to the specialist teachers of
science in secondary education, there is a big need
around CPD for Key Stage 2 teachers. It is at Key
Stage 2 when young people first encounter space
opportunities in the national curriculum and there is
a lot of enthusiasm for it but there is sometimes less
confidence on the part of primary teachers to deal
with that topic, so that is one area where a lot of the
centres that are dealing with space education focus
initially at Key Stage 2 and the teachers of that age
group.

Q287 Chris Mole: Miss Bramman, with the
introduction of the new science GCSEs is there
going to be an increased opportunity for space
science to be introduced into teaching?
Ms Bramman: I think more interesting, more
relevant and more up-to-date space and I do not
think there is anything in these specifications that
would lead to less about space being taught.

Q288 Chris Mole: That is a qualified yes, is it?
Ms Bramman: Yes.
Professor Wells: I would turn the answer round the
other way. I believe personally that there are many
examples of space-related topics that illuminate
conventional elements of the programme, so in for
example the teaching of something boring like heat,
you might look at it from the point of view of the
satellite in orbit and how heat aVects how you
control the temperature in space. I think there are
many examples like that wherewith imagination and
with insight the existing syllabus can be expanded in
its interpretation where space has got something

diVerent to say. We all know about rockets and you
saw that this afternoon, and they are the obvious
things but there are others.
Paul Spencer: If we take our lesson in that one from
other parts of the United Kingdom that have
diVerent curriculum arrangements, certainly in
Northern Ireland space is being very much more
firmly embedded into their new syllabuses, and that
is not only into science, they use it around spiritual
awareness, they use it across geography, art, music,
all aspects of the curriculum. In Scotland as well,
space is much more evident in their curriculum
experience than it has been in the past.

Q289 Dr Spink:We all know how inspirational and
exciting space is especially for kids with their
imaginations, it is fantastic. At Key Stage 3 is the
science curriculum going to have that flexibility to
enable teachers to actually bring space into the
syllabus and actually use that excitement?
Ms Bramman:A lot is about the way the curriculum
is delivered but it is really important to get the words
right on the statutory page of the curriculum. The
QCA have been reviewing the Key Stage 3
curriculum for science for the last 18 months or so
and theywill be going out to public consultation on 5
February.My Secretary of State has signed oV those
drafts and I think I can reassure the Committee in
two things, firstly there is a lot less prescription in the
new Key Stage 3 science programme study, but on
the other hand space/the universe is still there in the
range of content, so it is being captured as a broad
area of study without having to go through the
detailed points that are in the current programme
of study.

Q290Dr Spink: So do you think then that we will see
more teachers feeling that they have got that
flexibility to take the initiative and to use this
exciting field to bring kids on board?
Ms Bramman: That is one of the key aims of review
that we are actually signalling to teachers to use the
flexibilities that are there in the curriculum. We all
know that good teachers do that anyway but this is
a real opportunity to make a step change diVerence.
Dr Spink: Thank you, that is good news.

Q291 Chairman:Does intelligent design have a place
in this?
MsBramman:No, intelligent design does not have a
place in this.
Dr Turner: The only place for intelligent design is
Harrogate!
Chairman: Thank you very much indeed. I take
serious abuse from my colleagues. Des?

Q292 Dr Turner: Of course this Committee
conducted a report a few years ago into science
education and we found that the general criticism of
science syllabuses, to paraphrase it, was that they
had been reduced to teaching by numbers, were
totally flair free, and turning kids oV by the
thousand, and I can only hope that your new
syllabuses will allow scope for flair and variety
because that is what has been missing for so long. So
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if all the bright ideas that have come forward in
space education can be allowed just a little free rein
then it will make a big contribution. Paul, you have
produced a report The Education and Skills Case for
Space. How has that been received by your BNSC
partners and which recommendations have been
accepted and what action has been taken?
Paul Spencer: I will need to look at what the
recommendations were. They are not billed as
recommendations particularly, they are billed as
consultants’ suggestions.

Q293 Dr Turner: That is just a nice way of putting it.
Paul Spencer: There is no particular onus
on anybody having commissioned the report
necessarily to take specific points forward.

Q294 Chairman: So none of them was followed up?
Paul Spencer: I cannot even answer which ones
PPARC have decided to take up but I think some of
them have been taken up, yes. The first one is about
government noting that investment in space brings
about significant educational advantage. Someone
mentioned earlier that in all NASA’s programmes
a percentage of every programme is assigned
specifically to the educational mission around that
programme, so no programme at all is conceived of
as just being a science programme or just being a
technology programme; it always has its educational
components. The diYculty with that, as Robin said,
is the co-ordination across. I think that one is what
we are talking about right now in the whole CSR
thing. “The relationship more clearly with emerging
curriculum requirements”—I think that is the point
you have raised in any case. At the moment there is
lot of space out there and there is a lot of curriculum
requirement here; it just needs putting together
more. That is happening so I see that one being taken
up. “Evaluation of the benefits of using space in
education”3—that is where this Committee started
with its question should there be a more thorough
evaluation of the benefits of space in education and
whose responsibility should it be. So I think some of
them are being taken up.

Q295 Chairman: For clarity here because we need to
have clarity for our report because it is important; in
2005 the BNSC launched the National Space
Education Initiative. The Martin Barstow report
Bringing Space into School Science made 10
recommendations. We are not aware that any of
them have been followed up. In 2006 in your own
report for Yorkshire Forward Education and
Skills Case for Space, we do not know what
recommendations, if any, have been followed up in
that. The NSEI now seems to have died a death so
we do not know what is happening with that. These
are all warm words that have been coming through
but we are not aware as a Committee of anything

3 Note by the witness: This is a partial quote from my report.
The recommendation was that “the UK space community
should initiate the development of UK-based curriculum
material directly relating to curriculum requirements”.

that gets followed up other than reports are
prepared, recommendations are made and nothing
happens.
Paul Spencer: I am the wrong person to answer that.

Q296 Chairman: I am just utterly confused.
Dr Clegg: I did indicate very clearly that the
initiative around co-ordination and coherence had
arisen directly from Martin Barstow’s report.

Q297 Chairman: Now over to Robin and Julie.
Dr Clegg: I will try to help unfog this.

Q298 Chairman: Is it an unfair accusation?
Dr Clegg: I would like to reply point-by-point, if I
may. TheBNSCpartnership did try to get a coherent
National Space Education Initiative going in
partnership with the DfES. One of the first things
was to commission the report from Professor
Barstow who made 10 recommendations. The
initiative as a whole was then overtaken by the
arrival of the idea of the Space Education OYce and
that was a happy coincidence of two things, one the
European Space Agency wanted to have a pilot
Space EducationOYce in theUKas aMember State
and secondly the implementing of almost all of the
recommendations of the Barstow report, and the
overlap of those two things is remarkable and we
could achieve them both by supporting politically
this development which is being run by Space
Connections and will provide this co-ordinating
centre. We believe that nearly all of the
recommendations that Barstow made will be
delivered by the Space Education OYce. The thing
called the National Space Education Initiative was
overtaken by this development so we see that as the
way forward.

Q299 Chairman: Thank you very much.
Dr Clegg:Onemore point and that is on the funding
agencies that commissioned Paul Spencer’s report.
The primary purpose of it was to list the evidence
that linking space activity with young people could
aVect attainment and subject choice. That was the
only purpose of the report. We did actually let the
consultants list some suggestions at the end, sorry,
no oVence Paul.

Q300 Chairman: That is all right. Julie, do you want
to add anything?
Ms Bramman: The only thing that I would really
love to add is that there is a lot of synergy between
the recommendations in Martin Barstow’s report
andwhatwe are doing as part of the STEMmapping
programme and that is why I said earlier (and
probably gave the impression it is two diVerent
things going on) that we need as a department to get
the whole of that infrastructure right and then put
space within the wider STEM spectrum. The
department’s attention and energies, I think quite
rightly, have been put into getting the wider
infrastructure and support right.
Chairman: Thank you for that clarification because
we have got diVerent things pointing in diVerent
directions.
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Q301 Dr Turner: There are serious careers to be
made in space but how aware are young people of
the opportunities? Are you satisfied with the
awareness? Can you make any suggestions for
improving it?
Professor Wells: I think we have to improve the
awareness and one of the things in the programme
that we are pushing here is improving the links with
the industrial sector. In that capacity I consider the
whole high-tech industry not just the space industry
as the people we need to talk to. We are running a
programme here of annual careers fairs around the
space theme to bring a contact between students,
newly emerging graduates and the industry and the
academic sector. We have had a pilot of that careers
fair towards the end of last year to see how thatwent.
We ran that in conjunction with the UK (SEDS)
support organisation and that was pretty successful.
We had 130 people come to it and we had 10
presenters in the careers area and we will be building
on that over the next two or three years as part of the
current development programme.

Q302 Dr Turner: Some of the evidence which we
have had so far suggests that theremay be something
of a skills shortage in the space sector, notably that
an awful lot of work being done in some areas in
some companies is being done by Indian and
Chinese graduates. They of course will eventually go
back to India and China and take the skills with
them. Do you have any comments on that? Do you
agree that there is a skills shortage?
Professor Wells: I think there is personally. I drew
attention to the graduate output in physics and
astronomy and I apologise I am really just focusing
on the physics sector because I have not had time to
look at comparable studies in the engineering or the
computer technology area, but you can see a trend
there of fairly steady output of physics-based
graduates where an increasing proportion of those
have got space-related experience and probably in
that output of graduates with a space background
about half of those are going on to do PhDs and the
other half are going out into the general workforce.
I have no statistics on their career choices but we do
know from keeping contact with our own graduates
that some of them go into the City, several of them
come and start careers in this place in science
communication, and there is a general outflow, but
the numbers are small compared with the numbers
you see quoted of graduates in, say, computer
technology coming out of India.

Q303 Dr Turner: So are these numbers one of the
reasons that has prompted the National Space
Centre to develop the careers pathway and
workforce development programme?
Professor Wells: Yes.

Q304 Dr Turner: Can you tell us briefly what it
oVers.
Professor Wells: Our view there was that we saw
measures of success and involvement of young
people in the Key Stage 2 and 3 areas and the
numbers were fairly significant—5,000 to 50,000

kids a year involved in some way or another—and
then there is almost a precipice of falling oV the cliV
beyond that and the carry through into the GCSE
and A level looked to us to be very sparse. We
decided to try to address that question by developing
similar programmes for the Key Stage 4 and Key
Stage 5 and we have spoken and got support for that
programme from PPARC and from the East
Midlands Development Agency. Our aim is to have
a continuum of these outreach informal education
programmes with teacher involvement as a
supplement to what goes on in the schools, so again
it is an entrepreneurial initiative that we have taken
and we are one-third of the way through developing
the programme with a lot of support, I have to say,
from the sixth form colleges and colleges of further
education with whom we have consulted so far.

Q305 Dr Turner: Do you think there is suYcient
public awareness of the amount of space activity
there is in Britain and how much there is that is
worthy of promotion?Do you think that more could
be done to publicise the space industry because that
in itself would be quite productive, would it not?
Professor Wells: Within the industry I think it is
quite hard to do. One feature of space science and
space research is that the real big events only come
along relatively infrequently so keeping up a
sustained programme of public awareness is actually
rather hard whereas you can have a large
promotional event when something big happens like
a new mission is started and endorsed and people
can talk about what it is going to do. I think that
does generate public interest as it does when the
event actually occurs such as the launch or the
landing of Huygens on Titan and so on which were
big events, so I think you have to build around the
big picture to keep public interest.

Q306 Dr Turner: But most of the turnover
in financial terms is in on-going things like
environmental observations, earth observations, all
of that stuV which is vitally important but the public
do not know is happening, do they?
Professor Wells:No, I think that is a story that does
need to be told more. Space makes a very big
contribution to that monitoring process.

Q307 Dr Turner: Given the increasing public
awareness of climate change if that link were to be
used, could that help?
Professor Wells: Yes undoubtedly. I think in the
evidence that Chas Bishop has given you is pointing
out that it is an objective of the National Space
Centre to renovate its Planet Earth gallery to
actually address the question of what space does in
climate change, but we will need funding for that.
Dr Clegg: Could I just add briefly, I am sure you are
right that the public awareness side is important.
Teachers and pupils will get information from radio,
television, magazines, podcasts and so on. I am
reminded of the conclusions from the Demos think-
tank report Black Sky Thinking which said: “Space
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in the UK, which should be seen as one of the most
creative industries in the UK, is largely invisible”
and that is a call to action, I think. So I think it
means we all have to work a lot harder because our
utilitarian approach to space in the UK means that
we may end up hiding it and therefore we must act
10 times more than otherwise. To be frank, I think
the one thing that would greatly help public funding
agencies, which have many, many calls on their
funds, would be an increased political mandate, a
stronger political support. I am just echoing the

words of Professor Keith Mason the Chairman of
the Space Board who spoke to you earlier about
that. I think that would help this a lot.
Dr Turner: Point taken.
Chairman: We do take the point and I think the
Demos quote is one that is well worth hanging in the
report somewhere. I am sure the words will have
been heard butwhether they appear in the report will
be a diVerent kettle of fish. Can I thank you very
much indeed, Dr Robin Clegg, Julie Bramman,
Professor Alan Wells and Paul Spencer.
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Q308 Chairman: Good morning. Could I welcome
our first panel to this inquiry onBritish space policy?
I start by apologising for the late start to this session.
Could we start by congratulating you, Sir Howard,
on your knighthood? It was a recommendation of
our committee, so we are very pleased that you have
achieved this. We congratulate you and we are
delighted for you. Could you introduce yourselves
for the record and say what your role is?
Professor Dalton: I am the Chief Scientific Adviser
for Defra.
Professor Thorpe: I am the Chief Executive of the
Natural Environment Research Council.
Mr Douglas: I am Head of Assurance but in this
capacity I represent the Met OYce in the UK Space
Board and the UK at EUMETSAT Council.

Q309 Chairman: Starting with you, Alan Thorpe,
how well placed do you think the United Kingdom
is to exploit current earth observation activities?
Professor Thorpe: I think the United Kingdom is
very well placed. In terms of NERC’s contribution
to this, we lever a substantial amount of influence
with our subscription to ESA in terms of the Earth
Observation Envelope Programme. The number of
missions that are being flown that are doing science
that is relevant to the needs of the science
community in the UK is very high from that
influence. NERC has, over the last five to 10 years,
been involved in building capacity in the UK science
community in earth observation. We have a number
of centres now that cover quite a range of the use of
observation data for climate change and our other
environmental science issues. I think we have moved
ourselves into a good place with respect to where
NERC contributes to this.
MrDouglas: From our side, we would support all of
those. Our area is mainly in driving forward the user
and the customer focus side and getting sustained
observations. That is principally where we come.We
want sustained observations on which we can rely
into future generations so that the applications can
build on those, whether that is for meteorology or
whether it is for climate, and indeed for a growing
number of organisations across theUKwho are now
starting to use data that come from EUMETSAT
programmes. I do believe we are now in a strong
position.

Q310 Chairman: From your point of view, Howard,
would you echo that?

Professor Dalton: From our perspective, I would
agree in principle with most of what has been said.
From our perspective, it is important to realise our
position in Defra as far as earth observation
activities are concerned. We are principally a user of
the information.We are not, in a sense, there to fund
and organise and set it all it up in the first instance.
We try to take the information that comes from the
various systems and use that information to guide
our policy activities and really to be able to use
information that is important for a whole variety of
diVerent purposes, particularly in the environment.
We have many needs in terms of weather
forecasting, climate modelling, air quality, flood
predictions. We use the information particularly for
the Rural Payments Agency in terms of determining
what land areas farmers are using. We are really at
the receiving end of the information. So far, that
seems to be perfectly reasonable, as far as we are
concerned.

Q311 Chairman: We clearly cannot aVord to be
involved in all the European missions and we
certainly cannot aVord to be involved in all the
global missions that are going. Do you feel that we
do get good access to international data?
Professor Dalton: I think we have reasonable access
to international data but we could do with more.
One of the issues from our perspective is trying to get
as much of that information that is relevant to us as
possible. So far, we do get that, but my colleagues
will probably tell you better about what the
international scene is more like. Our concern
principally is getting information that is going to
help us in the UK, particularly when it comes to
looking at the implications that these measurements
have in terms of activities on the ground.

Q312 Chairman: How do we get access to
international data and in fact are there
circumstances in which we should pay for more?
Professor Thorpe:Access is quite good because a lot
of the data certainly that the research community is
using is available worldwide. Where we are in terms
of our subscription to ESA is to influence which
instruments and which missions are flown so that we
get the best kinds of observations of the globe. In a
sense, with that involvement, we are buying a
substantial amount of influence in the kinds
of observations that are available. Once the
instruments are in space worldwide, the access to
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those data is pretty good. The research community
is quite skilled at drawing those data from wherever
they reside.

Q313 Chairman: Is there anything we should be
paying for that we are not? Are some of the datasets
so prohibitively expensive that we cannot have
them?
Mr Douglas: The policy, certainly in all the areas
that we are involved with, is that we pay for the
mission and then, on behalf of the UK, we have
secured the data for use across the UK community
with no further cost. Equally, because we are in the
partnership that takes us into Europe, through
EUMETSAT in our particular case, we get access
into the full global set. It is on a shared basis because
no one nation does that sort of mission on its own.
The most cost-eVective way is to group together at a
European or group level and through the World
Meteorological Organization and other groups of
which we are a part. The agreement is to “cross
share” the data and make it available to the wide
community. We play a large part in that.

Q314 Chairman: So, with those programmes that
you buy into in terms of the European Space
Agency, et cetera, when you get the data back, is that
freely available to other researchers throughout the
UK?
Mr Douglas: It is, certainly all the ones through
EUMETSAT. That is part of the agreement.

Q315Chairman: Previously youmade a strong point
that we really have to be part of these international
agreements in order to be eYcient and cost-eVective,
but there is an argument which I have heard
particularly when going round your institutes, Alan,
and that is: why are we not using more small
satellites to have control over our own datasets? It is
relatively cheap to put up a series of small satellites
and therefore we would get exactly the data that we
want. What are your arguments for and against
that?
Mr Douglas: The argument there is, as I said in my
earlier response, that it is about getting sustained
observations of a known quality, of a known type.
That is particularly true if you need it for climate
change. Small changes in instrumentation give a
small diVerence in the observation and that may
mask or distort that particular climate trend. You
would want consistency in the observations. You
want it on a global basis. You need to have common
agreements and common standards. If you take a
small satellite, that would be fine, I might suggest,
for research in a particular area or to test out an
instrumentation. Once it is standardised, then
operating on a sustained basis is the most cost-
eVective way of getting that introduced.

Q316 Chairman: Is it critical that there is
an independent European capability in earth
observation or can we depend on American data or
Russian, Chinese or Indian data, which seems to be
quite prolific?

Professor Thorpe: The first point I would make, as I
said before, is that UK researchers are skilled in
using data from wherever they reside, so that would
be international. It would be wrong to say that we
are only involved with ESA (European Space
Agency). We do become involved bilaterally with
NASA and certainly with EUMETSAT, which is
separate fromESA, where there aremissions that we
feel are relevant for the UK science community. It is
a strategic question for us as to whether ESA is the
right vehicle, if you will, for influencing and getting
the missions that we want. At the moment, as I have
said, we feel that we have been quite successful. For
example, in the current Earth Observation Envelope
Programme, there are sixmissions planned. Of those
six, two of them have been led by UK researchers.
The other four are in areas that we think are
scientifically where we need to be. Again, I would
stress that one of the roles of subscribing to ESA is
to get influence over the missions that are flown.
Rather than buying the data, it is influencing which
instruments and missions are flown on those
satellites.

Q317 Chairman: You would agree with that?
Professor Dalton: I think that is absolutely right.
One also has to realise that of course the reason for
setting up GEOSS (Global Earth Observation
System of Systems) was that there was going to be
an international co-ordination of these various
activities so that all the various nations that were
doing activities in these areas could get together.
Originally it was going to be GEOS; it was
not system of systems but the Global Earth
Observations System. It was recognised that there
are activities going on in the United States and in
Europe, all of which needed to join up together. That
is why GEOSS was formed, largely so that it could
bring together international activities. There are 43
participating organisations sharing data and sharing
information. It was quite clearly pointed out at the
very first meeting of GEOSS that this was really a
means for understanding and getting a health check
on the planet. That is really what it is all about,
people sharing information and sharing data.
Hopefully, we are all going to take great advantage
of all of that.

Q318 Chairman: One of the issues that we are
looking at as a committee in terms of this inquiry is
really space in the round, and particularly ESA’s
involvement with the space industry, the basic
research in terms of everything from ESA’s robotics
in terms of instruments and what have you. Your
written evidence to the committee I think is quiet
stark. I paraphrase what you say and that is that
your department is a user of this; you are not terribly
interested in who develops the technology. You are
interested in using the outputs. Is that a fair
assumption? You nod to that point. I think I am
right. I read it before I came in this morning. Does
that give us a real diYculty when we are dealing with
other countries in terms of developing space
missions, and in particular our relationship with
ESA?
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Professor Dalton: In a sense, our relationship with
ESA is very good. As Alan said right at the
beginning, we do have good working relationships
with our European colleagues. That is important.

Q319Chairman:Are you dependent onwhat they do
and taking that oV the shelf rather than claiming it.
Professor Dalton: In a sense we are. We are a user.
We are not in the business basically of developing
and supporting the infrastructure in the first place.
Having said all that, Defra did make an important
contribution to GMES in order to be able to
stimulate that activity in the first place. That is
important. We are indeed a user of the information.
We are not in the business of building industries so
that they make satellites to do it. Where we can
stimulate that in any particular way, we will do so
because we do need access to that information,
wherever it comes from.

Q320 Chairman: Is there not a real issue there about
who is going to drive the new technologies? If we are
not doing that within our user groups, then who is
going to do it?
Professor Dalton: This question applies not only
simply apply to this area of science. There are some
big areas of science where we need to be able tomake
important contributions as European partners and
as global partners. In many respects, it is time we sat
down and figured out precisely how all of these
major contributions and subscriptions to activities
are going to take place and also how we can
stimulate and punch above our weight, if we can, in
terms of being able to stimulate activity that allows
us to get proper industry to finance, organise and
structure observation systems. At the moment, we
are still a user and we will be a user.

Q321 Chairman: You do understand the point that
I am making. When you say that we need to get
together, who do you mean by “we”?
Professor Dalton: I mean industry and government
together. This is a partnership.

Q322Chairman:Do you feel that that is not eVective
at the moment?
Professor Dalton:We are not co-ordinating enough,
and that is the real issue for us. We are trying to get
much better co-ordination so that we all know what
the problems are and how they can be properly
addressed.

Q323 Chairman:Who should lead that then?
Professor Dalton: For example, we are taking a lead
in government over GMES and GEOSS.

Q324 Chairman: You indicate from your evidence
that you do not quite know why you are doing it
because you are a user.
Professor Dalton:We are doing it because we are a
user and we need this activity to take place. Who
should do it? That is a good question. I will leave that
up to other government departments to sit down and
think about it.

Chairman: We might come back to that later.

Q325 Dr Harris: Professor Dalton again, with
regard to GMES, is it true to say that the UK
contribution has been heavily criticised by industry
because the geographic return or the juste retour of
ESAmeans that UK companies are unable to secure
major contracts in this programme? Is that a true
statement? We will come to whether it is fair or not.
Is it fair criticism?
Professor Dalton: It is a fair criticism. One of the
things that industry was concerned about largely
was that if we are going to stimulate, for example,
the satellite industry, they do need to enjoy the juste
retour. If you look at what France puts into this
particular area and Germany and Italy, they are
putting in considerably more to theGMES activities
than we do. Therefore, they get a better return for
their industry in terms of the technology associated
with it.

Q326 Dr Harris: You are the lead of four
government funders of this. Are you accepting that
that is a criticism of your funding allocation in this
area within the competing priorities?
Professor Dalton: As I have just explained, a really
important part for us is using the information and
getting that information. Our business is not
essentially trying to stimulate the industry to be able
to produce their machines in the first place.What we
try to do is use those data and use that information.
It was quite diYcult for us to be able to come up with
the sort of money that we did in order to be able to
make our contributions to GMES.

Q327 Dr Harris: So you are saying that the
£2.5 million that you are putting into the
£7.23 million fund is the limit. The criticism which
you say is true and fair is eVectively a criticism for
the MoD and DTI and NERC who should be doing
more. You cannot do any more because of your
approach.
ProfessorDalton: In our view,we have done asmuch
as we possibly can under the circumstances.

Q328 Dr Harris: Which of those three should be
doing more, in your view, or should there be new
players putting in money?
Professor Dalton: This is the sort of issue that I
mentioned before which really needs a more cross-
government and cross-industry approach to it.
There are a number of government departments that
could benefit from this. We are one of them that will
benefit from it ultimately. Because we took the lead
in terms of being able to co-ordinate GMES, we
were the ones who tended to put in a bit moremoney
as it was. It is a cross-government responsibility; it is
not our responsibility. We are just stimulating it and
catalysing it.

Q329 Dr Harris: Is it your responsibility; do you
think that you are the ones who should be putting in
more to bridge the 75%gap comparedwith countries
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like Italy andGermanywhose companies are getting
these big contracts under the principle of juste
retour?
Professor Thorpe: There are two points to make.
First, GMES is definitely delivering policy
outcomes, so it is on the side of leading to
operational satellites rather than supporting new
research instrumentation, which is where we tend to
focus our investment. The second point is that
therefore we would not think that it would be our
role to lead on GMES, for example. But it is clear
that our role is to look after the basic science that
needs to be carried out. Our investment and our
strategy is focused on that issue. It is not focused
purely on industry. It is focused on making sure that
we stimulate the basic science and understanding
that we need of the climate system. Our investment
is in that line. We have tried to help in this case
GMES with a contribution, which was significant
but, compared to other countries overall, the
contribution was small. I do not thinkNERCwould
have or should have taken a larger role in that.

Q330 Dr Harris: That just leaves government
departments really. Is that the DTI and the MoD?
There are not here.
Professor Thorpe: Clearly DTI have a role in
technology development and industrial stimulation.
It would be natural to ask the question whether the
issue should lie there.

Q331 Dr Harris: I am asking for your view of the
answer. Is that a polite way of saying that that is
where the answer lies?
Professor Thorpe: It would seem natural to me that
that is the place where the leadership might come
from.

Q332 Dr Harris: How do we progress this? I do not
know when the next funding round takes place and
how we are going to improve our position from the
5% of our current contribution. Are people talking
to each other? Is there a new round?
Professor Dalton: There is a so-called GMES
Whitehall Group, which does involve a number of
diVerent government departments. We are talking
about what we should be doing in the future. All we
can do at the moment with the very tight budgets
that we are all working towards is to find a much
better way of being able to stimulate these sorts of
activities.

Q333 Chairman: In terms of this cross-cutting role,
and you have all basically said that needs to be
brought together and that link with industry, surely
that is BNSC’s role, is it not?Why are they not being
proactive here?
Professor Thorpe: I would say BNSC are proactive
in bringing groups together and that it would be
wrong to say that there is not interaction between
industry and the research base, for example, and
government departments. BNSC plays a key role
there. We have active discussions with UK Space,
which is an industry group, and with the British
Association for Remote Sensing Companies. There

is dialogue there. The issue, though, that we are
talking about is the one of the level of subscription to
ESA, which is a national question and involves the
ministerial team for negotiation periodically. You
asked when the next occasion is. They happen every
several years. The GMES programme is in a set of
phases. The first phase that we are in now is the early
phase, but there will be subsequent points when the
UK can reassess its contribution.

Q334DrHarris:ProfessorDalton first: do you think
it is a fair criticism of GMES that there is a lack of
focus on climate monitoring within the initiative—
presumably that it is too security focused at the
moment? Is that a fair observation?
Professor Dalton: Climate monitoring is still an
important part of it. Monitoring the environment in
all its guises is a critically important part of what
GMES is trying to do. Whether you put greater
emphasis in one area or another is not for me to
comment. As far as we are concerned, we are quite
comfortable with the sort of information we are
getting back from it because we use that information
in order to try and develop our policy activities. The
split and the break-up of it is not critically important
to us at this stage.

Q335DrHarris:Your view is that you do not believe
that there is a relative lack of focus on climate
monitoring within the initiative at the moment from
your perspective?
Professor Dalton: Yes.

Q336 Dr Harris: Mr Douglas, that was from your
evidence. Can you take the opportunity to try to
explain to us, and indeed Professor Dalton, why you
had that concern?
Mr Douglas: Our concern is that we want to make
sure that all of the evidence or all of the observations
are being evolved and developed. I do not think we
said from the Met OYce side that it was all
concentrated on security. What we were saying is
that we need to move to sustained observations, as I
have said earlier, and we do not believe that the
success of GMES is on the individual missions. So it
is trying to understand and maximise the way in
which we can get continuity of observations.
Whether it is from a GMES mission or it is part of
any other mission really does not matter. It is about
getting the required observations and securing those
in a sustained way. We want to maximise the use of
existing facilities and therefore we need equally to
explore ways in which other existing groups, such
as the operational capabilities of groups like
EUMETSAT, are best placed to support value-for-
money returns across the whole of Europe from
these initiatives through GMES.

Q337 Dr Harris:My final question is to ask whether
any of your are concerned because of the obsession
that we politicians have with security that too much
of this GMES approach might be used for security
work, or alternatively that funders might switch
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their money to more security-focused schemes away
from a scheme like GMES, which is not solely about
security? Is that a real concern you might have and
is it increased with the increased obsession it has
been said that governments have with security?
Professor Thorpe: I would say that there is a lot of
environment in GMES and other programmes. You
say there is an obsession with security, but I would
say that environmental issues are also high on the
political agenda as well. Personally, I do not see a
particular issue at the moment.

Q338 Dr Turner: Howard, you have commented on
the international collaboration that goes on in
earth observation but collaboration begins at home.
It has been suggested to us, and I quote the
National Physical Laboratory: Whilst there is
some co-ordination between government agencies
and departments, this is very weak and leads
to ineYciency and fragmentation. It leads to
duplication of eVorts in studies and expertise. More
seriously, it prevents the development of critical
mass to allow co-ordinated funding for larger scale
projects which would allow the UK to take on
greater international leadership roles. Do you
recognise that criticism?Do you have any comments
on it? If it is valid, how do you think it might be
improved?
Professor Dalton: I think it is fair to say historically
that we have not necessarily co-ordinated together
as well as we ought. There is a lot that can still be
done. The whole purpose behind BNSC was to
try and bring as many diVerent government
departments and the industry together so that we
can get a clear view of where we are trying to go. I
am not so sure that it has achieved all of those
objectives. I think what we need to do now, and
exactly what we are doing now, is to sit down, re-
think, restructure and reorganise in such a way that
we can meet these criticisms. I think it is important
to recognise that there is a willingness on the part of
many government departments to sit down and
work better together. We do need much better co-
ordination. I accept that. I think that is a fair thing
to say. We have to sit down now and try to work out
how best to do it. We are certainly doing it ourselves
in-house within Defra. We are looking very closely
at what our needs are going to be. Other government
departments should be doing that.We all ought then
to sit round the table and figure out precisely what
we all want to get out of this so that there is much
better co-ordination and we can take this forward in
the future.

Q339Dr Turner:Do you think that that eVort would
be enhanced if the status of the BNSCwere increased
to that of an agency, as NASA, et cetera? Would
that help?
Professor Dalton: There is no doubt that if it was
enhanced to the stature of NASA it certainly would.
I do not doubt that. I just do not know whether or
not Government is in a position to be able to do that
at this stage.

Q340 Dr Turner: How eVective is BNSC’s current
Earth Observation Programme Board? Can it be
said at the moment that the UK has an identifiable
earth observation programme?
Professor Dalton: There is a programme that
we have and it has been co-ordinated to some
extent through BNSC and various government
departments. How well organised and how well
structured that is open to question. More work
clearly needs to be done.
Professor Thorpe: I think that is a slightly negative
outlook. From a NERC perspective, we have a
substantial earth observation strategy, a published
strategy. BNSC’s partnership via the UK Space
Board is consulting on an overall strategy at the
moment. In terms of investment, NERC invests
something like £45 million in earth observation in
terms of subscription to ESA and we invest
£10 million in basic research in the UK on earth
observation. I think it would bewrong to say that we
do not have a strong earth observation activity,
particularly on the research side, in the UK. We do
exercise a considerable amount of influence on what
happens in ESA with the missions. I am not saying
that co-ordination could not be improved. The UK
Space Board, which is a relatively new structure, is
the forum where I believe that will be eVective and it
is being eVective in making the most of those
investments.

Q341 Dr Turner: So the programme is evolving?
Professor Thorpe: It is definitely evolving and I see
good signs in the right direction.
MrDouglas:May Imake one observation? I support
all of that. Again, from our perspective, in terms of
the amount of investment, the UK is putting in an
average of £32 million into EUMETSAT a year as a
further contribution. On your original question
about the agency, one of the reasons why potentially
the partnership approach can be very supportive is
that you run the risk, if you make all of the agency
just on satellite, of removing the part of other forms
of observation. One of the strengths, certainly from
ourselves, is that we have an integrated observing
systemwhere satellites play an important part but so
do other remote and earth-based observations. It is
crucial to make sure that that is kept together.
Therefore, it will be a balance between partnership
and agency for BNSC, but there are arguments for
a strong partnership allowing the user to draw out,
going forward, their particular needs as groups.

Q342 Dr Turner: Howard, Defra has suggested
having a climate equivalent of the Ordnance Survey.
Could you put some flesh on that suggestion and tell
us exactly what you mean by it?
Professor Dalton: The idea is principally that we
need to have an organisational structure that allows
activities to take place. They can either be funded
through various private activities or funded through
government activities. A lot needs to be done from
the Government’s point of view in terms of the
public good but also to encourage individual
organisations to be able to put money into it and to
resource it. The biggest problem we have right now
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is resourcing. As long as we can find ways of being
able to get resources into that system, so much the
better. It is a way of organising in the same way that
Ordnance Survey does. Work is commissioned from
them; they do it; and they also do public good work
as well. It is a mixture of the two.

Q343 Dr Turner: So we will not be able to buy our
hiking equivalent of a map from this?
Professor Dalton: You might and there may well be
a way of being able to stimulate it.

Q344 Dr Turner: That puts real meaning into The
Hitchhiker’s Guide! Another criticism that has been
made to us—these are not our views so we are not
levelling accusations, we are simply passing them
on—is that the take-up of earth observation
research outputs by government departments is
patchy. Do you agree? Do you have any comments
on that?
Professor Dalton: Are you saying that take-up by
government departments is patchy?

Q345 Dr Turner: What use are government
departments making of the data?
Professor Dalton:We make a lot of use of the data.
That is the whole purpose behind it. We have a
major programme on climate change, as indeed have
the Natural Environment Research Council and
other research councils and other government
departments. We make tremendous use of it. From
our perspective, the information we get is extremely
valuable and necessary in order to be able to do all
the predictions we are doing. I do not say it is patchy
from our perspective.
Mr Douglas: Equally, there is a wide range and an
increasing range of government departments and
organisations taking up both the original data and
indeed the output. There is so much of government
departments, both in UK and in its international
responsibilities, for the UK Government to make
use of in the outputs, whether they be forecasts or
climate predictions to help develop policy. I really do
not see the basis for that particular observation.
Professor Thorpe: I would say that we are at an
interesting point in the sense that there is a huge
expansion in the ability to observe from space a
whole set of new properties of the environment
under the clouds. There are real opportunities.
Those could be used in a number of areas that
previously have not been involved in using those
data. I hope that more departments pervasively start
to see that opportunity. There is definite scope for
seeing that opportunity and it is just becoming
available because of the plans for a whole range of
new instruments to be flown in space.

Q346 Dr Turner: So we can expect to see a much
greater use of the data?
Professor Thorpe: I really hope so. I think there is a
real opportunity.

Q347 Dr Iddon: This is to Alan Douglas first. Given
the Met OYce’s heavy involvement in the Group on
Earth observations, are you happy that Defra is
taking the lead in that area?
Mr Douglas: I think it is right that a government
department rather than an agency takes the political
lead in something as important as Group of Earth
Observations which both the Prime Minister,
Gordon Brown and others have all been supporting.
There is more that we can do within the UK still to
co-ordinate and make the arrangements across the
UK more eVective. We will be having discussions
later today on that and there will be some further
discussion when we will be trying to improve that
working relationship across theUK tomaximise our
involvement in GEO.

Q348 Dr Iddon: Does Professor Dalton have
anything to add to that or are you happy?
Professor Dalton: At the moment, we are happy to
act as a co-ordinator and catalyst for these activities
in government, yes.

Q349 Dr Iddon: Sir Howard, you have been very
critical of the apparent domination of the British
National Space Centre by the DTI. Your written
evidence talks of a conflict of interest forDTI. Could
you explain that for us?
Professor Dalton: I think there is a concern.
EVectively in the British National Space Committee
we are wondering in many respects whether or not
the agenda that has been set by BNSC is coming
from the DTI or from the membership as a whole.
That has been a concern of ours. It is quite
important, we think, possibly to put the BNSC
outside of all of that and have them as an
independent agency, as we talked about earlier. That
would give it a greater degree of independence and
would allow it to be able to come in and involve itself
in government activity as well. Independence is an
important part of it. I do not think it is very sensible
to have BNSC associated with any government
department particularly. Independence is a good
part of it.

Q350 Dr Iddon: You have also said that you would
like to see more user representation in BNSC
advisory boards. Why do you say that and which
users do you mean?
Professor Dalton: I mean the various users within
Government, the people use it. We are a user of the
information that comes out of this. There are a
number of government departments that are users of
the data and there are number of private concerns
that are users of that information. It is important
that those user groups are engaged and involved in
the activities.

Q351 Dr Iddon: Have we got the balance right
between the private users and the public users?
Professor Dalton: It is probably about right but it
needs a much closer investigation and much careful
thought going into try to look at what should be
done to develop all the independent organisation
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That should be made up largely of the industry and
certainly of government activity as well but do not
align it with any one government department.

Q352 Dr Iddon: How do the private users pay? Do
they pay on the basis of information received or do
they support—
Professor Dalton: I do not how they are paying at
the moment.

Q353 Chairman: Are we just talking about private
companies here, EUMESTAT,4 the Surrey satellites
and things like that?
Professor Dalton: Yes.

Q354 Dr Harris: This is a question to Professor
Thorpe. Are you aware of the UK Ionospheric
Monitoring Programme? It monitors global
warming through measuring the ionosphere from a
series of space ships around the world?
Professor Thorpe: I am.

Q355 Dr Harris: I understand that it is something
that NERC does not fund because you see it as on
the edge of the atmosphere; it is a space thing and
that is PPARC and not you. PPARC might argue
that it is monitoring the environment and so it is
your job, assuming the science is good enough. Is
this a basis for cross-council funding and co-
operation?
Professor Thorpe: There are many bases for cross-
council funding and co-operation. In this Spending
Review we are coming together in a new initiative
called Living with Environmental Change, which
involves all the research councils, and government
departments, to address what are strategically
critical science questions on environmental change.
NERC’s strategy has to be focused on where we see

4 Note by the witness: EUMETSAT is an intergovernmental
organisation, it is not a private company.

Witnesses: Matthew Stuttard, Chairman, British Association of Remote Sensing Companies, Professor
Shaun Quegan,Director, NERCCentre for Terrestrial CarbonDynamics, andProfessor DuncanWingham,
Head of the Department of Earth Sciences, University College London, and Director of the NERC
Collaborative Centre for Polar Observation and Modelling, gave evidence.

Q357 Chairman: We welcome Matthew Stuttard,
Professor Duncan Wingham and Professor Shaun
Quegan. It is nice to see you all again and
particularly you, Shaun. Last time we met was up in
SheYeld. Could you introduce yourselves, please?
Mr Stuttard: I am Chairman of the British
Association of Remote Sensing Companies. That is
the capacity in which I am here. That is not my job,
though. It is a voluntary post.
Professor Wingham: I am Head of Earth Sciences at
University College London. I direct one of the
NERC observation centres, CPOM, and I am the
lead investigator on the CryoSat mission.
Professor Quegan: I am the Director of one of the
NERC centres for terrestrial carbon dynamics. I am
a co-proposer of the proposed ESA Biomass
mission.

the main scientific opportunities. As part of our
strategic development process, there has been a
question about space weather, which leads into the
area you are talking about, the upper atmosphere
and charged particles, et cetera. Where we think
those issues are relevant to the big issues associated
with climate change, they are funded by NERC
because we think it is an important scientific area.
Our responsive mode grant schemes are open
anyway, but in terms of our directed and strategic
research, we have to focus on where we think the
critical questions are. At the moment, we do not feel
they are predominantly in that area.

Q356 Dr Harris: In another setting, in another
inquiry, almost another universe, talking about
CEH and the importance of long-term datasets, you
accepted that there was merit in supporting long-
term datasets, even if they were not looking at the
cutting edge, new science questions because they are
long-term datasets which we need to collect. There is
a real risk, if the obsession is with cutting edge
science, that things that have gone back decades
which are still providing useful information are
going to be lost because no one will fund their
continuation?
Professor Thorpe: I think I have been clear with this
committee and with CEH that it is critically
important for NERC to continue long-term
monitoring of environmental factors, but of course,
as I have said before here, we have to make choices
about priorities and which are the critical datasets.
We do not monitor everything to do with
environmental change at the moment. We have to
make choices as to what the critical areas are. I am
telling you that we have to make that scientific
judgement as to whether monitoring certain aspects
of the environment are more high priority or of
lesser priority. We cannot monitor everything.
Chairman: On that note, thank you very much
indeed to AlanDouglas, Professor Alan Thorpe and
Professor Sir Howard Dalton.

Q358 Adam Afriyie: There seems to have been quite
a lot of criticism of the link between government
departments’ aspirations—or their hopes for—
observation projects. I note that Professor Quegan
has been particularly vocal on the subject and the
National Physical Laboratory also. I think these are
your words, Professor Quegan, that a clearer
definition of common aims or aspirations for space
data are required. First, what are the limitations and
benefits of earth observation, before tackling some
of those criticisms?
Professor Quegan: That is a very big question.
There is a whole range. One of the main areas
is in environmental diagnosis and environmental
monitoring. We are in a changing planet. The only
way we are going to find out about that planet
basically is from space. If you do not have that
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system in space, you can forget much of the planet
realistically. There has to be that global scale. From
that global scale spins down the requirements for
people to know about things and to understand
what is going on. It is the basis on which you make
policy presumably and decisions about how you are
going to manage the environment in which we are
living. If you spin down to a local scale, there is a
whole range of observations you canmakewhich are
relevant to the way people live their lives to do with;
for example, hydrology, snow cover, and cover
temperatures. That is all available from space.

Q359 Adam Afriyie: Basically is it a very broad
spectrum of earth information and of policy making
objectives that can be met by observing earth from
space?
Professor Quegan: Yes.

Q360 Adam Afriyie: Do you feel that the
Government is fully exploiting the potential of earth
observation at the moment? Obviously the words
“fully” can be extended or retracted. Do you think
that the Government is doing enough to exploit the
advantages to some degree that we have in earth
observation?
Professor Quegan: Who is the Government here?
Who are you talking about?

Q361AdamAfriyie: I was trying to get to that. There
are many diVerent departments within government:
Defra, Environment Agency, policy makers. In
general terms, if you are looking at the Government
as set of diVerent entities under one umbrella, do you
think that overall earth observation is being
exploited to the degree that you would like to see?
Professor Quegan: In some areas we do it well. The
atmospheric scientists have a long history of doing it
very well. In other areas, partly because of the
infrastructure, partly because of resources and
partly because it has not been as urgent, the
development of the user data has not been as strong.
There are aspirations; for example, Defra has an
earth observation co-ordinator. There is at the
moment a very definite wish to carry this forward.
The name of the game is actually putting the
mechanisms in place and lining up what the diVerent
organisations might want to do individually and
what they can do mutually to make sure they are
consistent and focused to deliver things for
everybody. I do not think we have done that
particularly well. That is my limited perception.

Q362AdamAfriyie:MatthewStuttard, do you share
that view that there is a bit of a fragmentation of
objectives, which is not helping in earth observation,
from the Government?
Mr Stuttard:Yes, there certainly is. In terms of how
the data can be used, it is important to bear in
mind that there are physical constraints and
meteorological satellites, which take an earth disc
view, can repeat cover of the earth with a 1 kilometre
resolution every 15 minutes or 30 minutes, but when
you are talking about the environmental monitoring
satellites, which allow you to view data down to 30,

10 or 5 metres, you cannot get coverage with that
kind of frequency and repeat. You are looking at
daily or in some case weekly coverage. So there are
constraints related to the frequency of observation
and the amount of detail you can see. Having said
that, in terms of user uptake, there is emphasis in the
government policy on being user-driven, which is
absolutely correct, but users in government see
things when they are being asked what their uses are
and to say how they use satellite data. They are not
foolish. They see that behind this is the requirement
that they will be asked to pay for that use. This is a
fundamental limitation to the way that the funding
is trying to be put together from a bottom up
mechanism. The users who are responsible right
down at the delivery level for delivering policy have
relatively small budgets and they see a measurement
technique as a fundamental threat to their existing
practices. I think that has not come out in the
evidence so far and that is a real constraint in
Government use of the data.

Q363 Adam Afriyie: What more do you think
could be done by the Government to make the
mechanisms better in the way that earth observation
is exploited?
MrStuttard:A lot has been done. A lot is being done
by theEuropean SpaceAgency in particular in terms
of developing exploitation of earth observation data
across a whole wide range of users. They have
developed a rather sophisticated process because
you cannot just go to the user and say, “Tell us your
requirements” because they will say, “What can you
do?”You end up in a stand-oV. The European Space
Agency has worked extremely well at bridging this
gap between what you can do and what users
require, meeting their expectations and also limiting
their expectations, not allowing them to run away
with the idea that earth observation can solve all
their problems, which it certainly cannot do, and it
has limitations. For example, oil slick monitoring
is something that has both commercial and
environmental application. It is not quite used
operationally yet for environmental application
because of the limitations. Under certain sea
conditions, it does not work and so forth. Because
there are not suYcient satellites that can observe the
oil slicks, it is usually radar satellites that are used in
all weather conditions but not in all sea states and
not all the time. The satellite is not always hovering
above any place where there is a slick occurring. It is
being used in a piecemeal way and that will be built
up. As GMES takes oV and we get more satellites
which are able to observe more regularly, then these
applications which are piecemeal become more
operational and the users are prepared then to take
them on.

Q364 Adam Afriyie: You sound reasonably
confident and optimistic about market pressure and
the Government sorting its act out so that these
things will come to pass, so that earth observation
will become a reality?
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Mr Stuttard: It is a question of time. These things
happen very slowly. There is an interesting
correlation. You will be talking to Ordnance Survey
later in the day. I think they have talked about the
National Interest Mapping Service Agreement, for
example, the Pan-Government Agreement, as a way
of unlocking Ordnance Survey data right across
government. I happened to work in agricultural
monitoring using earth observation of CAP
subsidies some long time ago. At that time, MAFF
(as it was) was steadfastly opposed to using
Ordnance Survey data because of the implication on
the budget of licensing. At that time, we had to scan
the maps every year and digitise all the field
boundaries doing unnecessary work but when
the pan-government agreement came in, that
requirement completely changed and it unlocked
Ordnance Survey data across government.

Q365 Adam Afriyie: So you would argue that across
government there needs to be a review of the
approach to funding ensuring that one conversation,
where somebody expresses interest in data, does not
result in their funding of the entire project?
Mr Stuttard: It is taking the high level view.

Q366 Adam Afriyie: Professor Wingham, you are at
University College London. I am sure that the
decisions that the Government makes in this area, in
terms of funding research, have an impact on
yourself. Do you agree with the comments that have
been made about the mis-co-ordination, or the lack
of linkage, between objectives?
Professor Wingham: I think I would give you
a slightly diVerent perspective. It is easy to
underestimate how diYcult it is to use these
observations as eVectively as you can do. In science,
we have learned over the last 20 years that you do
not use these observations standalone: you go and
combine them with observations you make on the
surface of the ground. Satellites have strengths: they
can cover the whole globe; they can do it regularly;
they can give you continuous data. They have
significant weaknesses: you can see through the
atmosphere but you cannot see through the ocean;
you cannot see through the solid earth, you can only
look at the superficial surface; and they are limited
in resolution—so with radar, you cannot see much
better than a few metres and even with optical
instruments a metre—and there are a very large
number of problems which bear on practical life
where that is not suYcient. A very important thing
about mapping is boundary disputes between
neighbours. You cannot measure from space to
boundaries accurately enough, for example. Skilful
use of these data involves bringing together all of the
data, surface data and space data, but it does not just
stop there. For example, for many years a principal
blockage to regular commercial use of satellite data
was the fact that it was not reliably there. Because it
was mostly research satellites, so it may be there
some days, it may not be. There were serious
bottlenecks in the data flow systems between the
satellite and the ground segment of the data,
distribution and user. Over the last 20 years we have

seen a gradual improvement in our understanding of
(a) how we use this data and (b) the distribution
systems, the ground-link systems. We are now going
through a period where the use of these data in
many aspects of government and to some extent
commercial life is starting to mushroom, and it is
mushrooming because we now have all of these
capabilities at one time. I would echo something
that, I think, Alan said: there is a lot of opportunity
and we are seeing this growth now because of all
these problems gradually being solved.
Adam Afriyie: Again, that is a reasonably optimistic
approach.

Q367 Chairman:A really important issue for us, if in
fact there is that level of optimism of bringing all
these diVerent datasets together, is to know, in your
opinion, who should be coordinating that? Would a
separate space agency, for instance, be useful?Dowe
need something in terms of the research councils to
bring things together, should it be the Government,
in terms of a government department that does this?
It will not happen just by accident, will it? Or will it?
Professor Wingham: I suppose I tend to take the
view that if you look at the most successful
applications of these data, they have occurred
because somebody had a problem on which the data
really could be brought to bear. We are seeing now
that there is an increasing number of problems faced
by government departments or agencies who are
becoming aware that the totality of this data can be
brought to bear on their problems. A coordinating
activity which is not pulling from the problem end
can do so much but it is really a question of
broadening to the largest extent possible the
understanding of the potential uses of these data by
all aspects of government which is likely to make the
pick-up the largest. I actually think NEC has done a
fairly good job in trying to bring understanding to
the diVerent parts of government but it is obvious
that some parts of government are rather focused on
their day-to-day regulatory functions and so this is a
rather new thing and I think it is very easy to
underestimate the learning time to move the culture
of these systems into cultures that are originally
ground-based.

Q368 Chairman: Could I ask the other witnesses to
respond to that question.
Professor Quegan: This business of pulling data
together?

Q369 Chairman: Yes.
Professor Quegan: One of the major issues we have
had to face is exactly that problem. We need
diVerent datasets from all over everywhere for our
particular problem. In fact to a certain extent we
have been a driver to say, “This is what we need from
NERC”—because NERC is one of the major
holders of environmental datasets for the UK’s
policies, along with Defra for its research, but many
of those datasets are spread across a lot of agencies
and a lot of places. For our particular task, one of
our major diYculties initially was to pull those
together because they were separated.What we have
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done fairly well over the last five years, obviously
with the help of NERC and inside NERC, is to
amalgamate those datasets so that they can be
applied to the problems we work on. This fusion is
something that is really happening.

Q370 Chairman: I remember when I came to see you
in SheYeld you were arguing that getting access to
some datasets is problematic.
Professor Quegan: It has been. It has got better. We,
as a NERC centre, probably have more clout than
other, say, individual researchers, so we could argue
stronger than other people. I do not know what the
position is for the average researcher in NERC as to
getting hold of some of these diVerent datasets.

Q371 Chairman: Matthew, would you echo this
problem of coordination?
Mr Stuttard: Yes, not in relation to data access but
in relation to where should the leadership come
from. I think there has been very good leadership in
BNSC but the amount they are allowed to lead is
constrained and that is really the nub of this
problem. Perhaps, again, I could go back 20 years.
In the downstream, before exploitation of earth
observation data, there was a programme of
application development. There was a National
Remote Sensing Centre which was eventually spun
out and became a private company—which is one of
the BARSC members companies, the largest—
and that process has worked, but, in the meantime,
we have kind of dropped the ball nationally,
on developing competence nationally in the
exploitation of the data not scientifically but for
practical applications. I think that has been rather
dropped.

Q372 Adam Afriyie: That brings me to my last
question. From your evidence, and some very strong
words from Professor Quegan there is clearly an
issue here with regard to coordination, or an overall
view or approach to the funding, of earth
observation and even the retaining of the datasets
and access to them. Would you argue that it should
be the BNSC’s role to fulfil this function or should
there be another body?What would be your solution
to this problem? Clearly market forces are beginning
to sort things out, but what would be your solution
to this issue?
Mr Stuttard: I do not think I can comment on that.
BNSCdoes have existing structures in place. I would
not want to suggest throwing the baby out with
the bathwater. I would say, also, in terms
of coordination within Defra there has been a
resurgence of activity after what was a bit of a fallow
period and the reluctance of a few years ago. There
is a real change going on right now and it might be
a good thing to help that change along rather than
completely adjust direction
Professor Quegan: Clearly there is not one
organisation which can necessarily take a lead on
this. BNSC clearly should have a role in this because
it is an overarching issue. For example, NERC is
currently reorganising its earth observation sector.
An important element of that has to be how it will

help to get information and knowledge that it
requires into the other sectors The structures have to
be built to allow what NERC is doing to interact
eVectively with agency and government needs.
Professor Wingham: I do not think I can really
comment on where the responsibility should lie,
generally speaking, in government, but I do feel able
to comment on this from the point of view of a
scientist with familiarity of environmental funding.
In rough terms, NERC spends 10%–12% of
its budget on satellite systems that supply
environmental data. If you look at environmental
science as a total activity, that is about right I would
say, because these data account for something like
15% of scientific activity. It is also essential from the
point of view of science funding that the science
delivered by that expenditure can be defended
against the other science which is not using those
satellites. It really is important that that balance is
right from the Science Research Council point of
view. The second issue from the scientist’s point of
view is that long-term measurements are clearly
of importance to science. There is no question about
it. But it is equally true that if science commits itself
to operational ongoing expenditure then it is
committing its future against possible new things.
My view has been that NERC’s approach to this
question, particularly to what extent should it fund
GMES, just to be practical, has been, in my view,
sensible and appropriate for that agency.

Q373 Dr Spink: I want to explore the relationship
between industry and academia. The British
Association of Remote Sensing Companies said that
“there is low motivation and few incentives in the
environmental research world to work with existing
successful businesses on transferring know-how and
intellectual property related to EO applications.”
That is pretty well nailing the blame for this lack of
knowledge transfer on the upstream side and the
companies being the ones who are suVering. What
would your view be of that? Can you comment on
that?
Mr Stuttard: Over the last two years, the British
Association of Remote Sensing Companies has been
involved in discussing with NERC over knowledge
transfer. We have had a number of meetings and we
are now moving forwards to the extent that we will
have a workshop on knowledge transfer. But the
driver from this has come from BARSC and there is
a reluctance, on which I think my esteemed
colleagues here will also enlighten you, as to why
that is there. There really are few incentives to
transfer knowledge into the private sector
companies for a lot of reasons.

Q374 Dr Spink: What sort of incentives and
motivations do you think there might be that would
be helpful to get the two sides working together
better?
Mr Stuttard: I am sure money always helps but I
think that is relatively limited. From the academic
perspective, they are interested in scientific results. If
you are doing fairly normal science-type work,
getting marginal gains on the processes is not
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particularly interesting to scientists and nor should
it be. But that is maybe at the leading edge. The five-
star grade institutions are not so interested in that
kind of activity. Although it is still a very important
activity to industrialised processes, to make them
more eYcient because this is where marginal gains,
competitivity and profit resides, in shaving oV the
ineYciencies in the process, that is not necessarily
where the great science resides.

Q375 Dr Spink: I will come to the academia side in a
moment, if I may, but, perhaps I can stick with you,
Matthew. We have looked at the incentives, the
positive side, the carrot, butwhat are the sticks, what
are the barriers preventing knowledge transfer?
Mr Stuttard: There is some concern about the
handling of intellectual property. I am talking about
the downstream here. It is very important to get that
across. In the upstream that is not the case because
the development of sensors and instruments is very
much a role of industry in conjunction with research
institutions and that works very well, but in the
downstream what is being transferred is know-how,
software, things which it is quite diYcult to put an
intellectual property mark on or to protect in any
way, so the quantum of knowledge that is being
transferred and how a reward can come back is
rather diYcult to work on.

Q376 Dr Spink: So we need improved models there.
I think we all agree with that. On the academic side,
you have heard what has been said. You know of
course that the research councils have now got their
teeth into knowledge transfer. It is a big issue, and
they are looking at promoting their funding
decisions. Do you think there is anything you should
be doing to improve knowledge transfer, to make
sure that industry can exploit this wonderful
knowledge that you are discovering?
Professor Wingham: The eVective collaboration
happens between academia and industry when they
are sharing common goals. This is why, on the
upstream side, the supply side, there has been a long
history of very good interaction between academia
and industry—and not simply UK industry but
European industry in general. I am not certain that
the problem is really about barriers. For example, to
take my case, I study ice sheets and there is not a
great deal of knowledge that we can transfer which
is commercially exploitable. On the other hand, to
come back to what I said earlier, you get success by
somebody wanting to solve a problem, so many of
the potential applications of these data are handled
in university departments by folk who themselves
have yet to understand the impact of the data. For
me, the problem is a bit more subtle than simply one
of making sums of money available. The principal
diYculty we have is that we work together best when
we have a commonality of interest.

Q377 Chairman: Does that also apply in
government, that government do not have the skills
in order to be able to fully exploit that data which is
being produced by the scientists?

Professor Wingham: As I said earlier, I think
there is some truth in this. There is insuYcient
understanding in the Department for Transport, the
Department for the Environment and so on,
especially as this whole information capability is
now maturing as well. This was not true 10 years
ago.

Q378DrSpink: I do not have the necessary skills and
imagination to see how one could commercially
exploit the work you are doing on the thickness of
the ice sheet, but I am sure there are people around
who do who could look at geology and oil
exploration and exploration of the fish stocks and
tourism and all the sorts of diVerent ways in which
that might be exploitable if one had the imagination
to do it. Do you think that part of the problem is that
it is not in our national psyche to take our blue sky
research that further step and that is why we have so
many Nobel prizes and so few products brought to
market?
Professor Wingham:No, I do not. For me, the devil
of this is in the detail. You cannot do much with a
satellite which is of direct interest to oil exploration
because most of oil exploration is concerned with
what is happening one, two, three kilometres under
the ground. I am not saying nothing, but it is not
really right. In addition, if you want to have a good
interaction between academia and industry over, for
example, the oil industry, you need to be working
with an academic who is worried about geophysical
prospecting, for example. Most experts in
universities who worry about transport problems do
not particularly think about satellite systems, for
example. I do not want to be negative but university
departments are under very considerable financial
pressure to be very good at what they do and stay
very good at what they do. That is a true fact. It is
the pressure of the RAE. There is no question that
this means that activities that diVuse eVort away
from one’s central focus, which is excellent science,
you simply regard to some extent as diVusions. But
I do not wish to overstate this. It is more a question
of identifying groups who have this commonality of
interest and then there will be very good interaction.

Q379 Dr Spink: Do you take that view, Professor
Quegan?
Professor Quegan: I think the point Duncan made is
absolutely right: you have to define commonality
there and once you have got that you can get
somewhere. From our point of view, where there are
areas in which we can see what we want, it is
relatively easy to find the funding. A classic example
is we are interested in measuring biomass in space.
Wewant to fly a satellite whichwill do that.We have
supported EADS on studies with ESA to look at, for
example, the antenna problems and we have looked
at issues of inverting the methods. The ionospheric
work that needs to be done is being supported by
NERC at the moment. This will all help in the UK’s
capability to get involved in the bid to ESA if this
mission ever comes to fruition, to be involved in
making sure that theUK has a contribution tomake
in building that instrument. We have also made
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absolutely sure that the UK companies are kept in
touch with the proposal status and so on, so we are
an information service. I am all in favour of UK plc.
I worked forMarconi for four years. I want to see us
do well. But there is an issue of time-scale. Our time-
scale normally in the university is not six months or
a year or something and it is actually rather hard for
us to switch on a year’s funding to do a particular
thing for a company—unless it fits immediately
within our own capabilities—because our time-scale
is two to three years. We would have to employ
someone. We do not have spare people. We do not
do project work. It is not our business.

Q380 Dr Spink: Could I come in on one final
question on coordination again. Is the Centre for
Earth Observation Instrumentation a good idea or
not?
Mr Stuttard: Perhaps on the upstream side we have
lost, in the UK, sensor development capability, so,
yes, it is a very good idea.
Professor Wingham: Yes. In the past I was
somewhat responsible for it. I am a bit concerned
that our level of expenditure on skills in the
higher education sector involved in construction,
testing, flight of aircraft, for example, of this
instrumentation, has got a bit low in the past few
years and I am of the view that we need to build back
up the skills base.
Professor Quegan: I think it needs to be done
because our influence in instrumentation across
Europe is actually weakening. Something needs to
be done and this is at least part of a step along the
way.
Dr Spink: Thank you very much.

Q381 Dr Iddon: BARSC have been rather critical
that we do not have a coordinated programme. It
says that is needed now in order allow our
companies to become competitive with the best in
the rest of Europe, in Germany, France and Italy
particularly. Do we have the balance right between
the amount of money we are feeding into the earth
observation programmes through ESA? Would you
like to comment on this need for a national,
coordinated programme rather than taking that
route?
Mr Stuttard:Yes, indeed. One way to win European
Space Agency money is to be able to bring
something of your own competence to the party.
ESA bids are extremely competitive and the UK
national competence in the exploitation of earth
observation data—which was once supreme in
Europe actually—has really been eroded over the
last 10 years by neglect of the downstream
application development areas. As I have already
mentioned, there is basically no national
programme of any magnitude. There are very small
amounts of money which the BNSC tries very hard
to make available and when it does spend that
money it gets huge results from even quite small
sums of money. There is the International
Cooperation Programme (ICP) which has had a tiny
amount of budget that has been used for little bits of
application development here and there. That has

been greatly welcomed by the downstream industry
but it has not been enough compared to where we
were. There used to be a programme called Link.
There used to be a programme called the
Application Development Programme. The two
GMES services in which we are involved now
nationally and in leading them you can trace directly
back to that Application Development Programme
over 10 years ago and there has really been nothing
since then putting other things into the pipe. There
are other areas in which we need to be involved and
I would particularly point to the atmospheric
monitoring, which is the one that has not been
claimed yet. In atmospheric applications, such as
sunburn index, public health in relation to boundary
layer pollution and that sort of thing, there are great
opportunities there within GMES, and it also leads
into the climate change agenda which the UK is
wanting to lead on. I would point to that area as a
very good one for the UKnationally to focus on and
develop real applications which have good science—
there is very good science to be done there which the
UK wants to lead on—but also potential spin-oVs
into the real societal benefits and possibly even
commercial benefits.

Q382 Dr Iddon: What are countries like Germany,
Italy and France doing which helps their industries
to be extremely competitive, more so than ours, it
appears, which we are not doing?
Mr Stuttard: They establish priorities very early on
and they then go for them. In GMES, France
claimed the oceans very early on and said, “We want
to do everything marine.” It was a very smart move
because that is the next operational application after
meteorology in terms of using earth observation in
an operational context, not a scientific research
context, because there will be suYcient observation
platforms providing streams of data on sea surface
temperature, roughness and so on, which allow
modelling of the whole ocean system and the French
claimed that area. Land, which of course is
commercially very valuable—that is where the
people live, that is where the economic activity by
and large takes place—the land and land cover
monitoring was claimed by Germany very early on.
They put their flag on it and said, “We want to do
that.” The UK did not claim any area as a priority.

Q383 Dr Iddon: It seems we have been elbowed out
by France and Germany, is that right, or is there a
niche that we can find and exploit?
Mr Stuttard: Atmosphere.
Professor Quegan: The first statement is correct: we
were elbowed out.

Q384 Dr Iddon: Are we going to be bullied by these
two countries? Why can we not claim a bit of the
oceans? Why can we not claim a bit of the earth?
Professor Wingham: It depends on what you regard
as fixed. I myself have long supported the fact that
much of our space expenditure is being directed by
the agencies who need the results. I am not
sympathetic to building a strong single space agency
because there is a tendency for them to commit
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money on launching programmes in man space
flight programmes. I think the UK has been very
good about this. I would make one comment: our
experience has been that if you pay for satellites you
must invest 40% of your budget in the downstream
application of the data if you wish to be successful.
It is not altogether clear to me that we are doing that
with GMES.

Q385 Dr Iddon:NERC’s earth observation sector is
being reorganised at the moment. Professor
Wingham and Professor Quegan, how is that going
to aVect your work?
Professor Quegan:At the moment the details of that
are being thrashed out. We have to submit our bid
on 1 May. The original centres were based on,
basically, opportunities to do things you wanted to
do, so there were particular lead scientists in certain
areas. Duncan led on the ice, I led on carbon, other
people led on tectonics and so on. The new centre is
very much more to try to integrate those capabilities
together, which is a very sensible thing to do, so that
means the basic centre structure that exists is not as
clear cut any more, so the actual way that works

Witnesses: Elizabeth Duthie, Head of Galileo Programme Division, Department for Transport, Neil
Ackroyd, Director of Data Collection and Management, Ordnance Survey, Patrick McDougal, Vice
President, Corporate Development and Director of Galileo Programme, Inmarsat, gave evidence.

Q387Chairman:Could I welcome our final panel for
this morning, Liz Duthie, divisional manager for the
Galileo Programme Division of the Department of
Transport, Patrick McDougal, the vice-president
of business development at Inmarsat, and Neil
Ackroyd, the director of data collection and
management at Ordnance Survey. I thank you all
very much indeed for coming this morning. Could I
start with you, Elizabeth.What are the main ways in
which the Government intends to use satellite
navigation?
Ms Duthie: The ways in which the Government will
use satellite navigation have been identified in
general. Obviously there are lots of potential
transport applications in all modes of transport and
there are other applications like inland surveying
and in tracking people/things/whatever. These
applications are all potential at the moment because
we do not know the exact details of the signals and
so on. We do not know how complicated and
diYcult it will be to use some of the special services
of Galileo. Obviously for the open signal there will
be a lot of uses, including commercial uses. Within
government, we are bringing people together from
diVerent departments who are likely to have uses for
the signal—for Galileo and for GNSS generally. I
am talking about what we call the cross-cutting
issues which will need to be sorted out before
government can make best use of the potential.

Q388 Chairman:Who is coordinating all that?
Ms Duthie:We coordinate that in the department.

Q389 Chairman: The Department of Transport is
coordinating that and how is that communicated to

when we set up the new structures has to be thrashed
out properly. The new centre will be much more
integrated to make sure that the pieces fit together in
a more consistent way, shall we say, and that you
take strength from the various centres to make a
more coherent approach.

Q386 Dr Iddon:You are involved in and also behind
this reorganisation. That is themessage I am getting.
Professor Wingham: The idea is to produce more
integration. There was certainly a NERC view that
the centres we had were slightly balkanised and that
we could get more by integrating to a degree. The
balkanisation, on the other hand, has had its
strengths too. My view is a positive one. I think we
will benefit from it. I do not regard it as threatening.
I hope that we will have a better outcome and I think
there are lots of reasons to imagine that is true. Of
course the final print is yet to be written but I am in
favour of it.
Chairman: That is a very positive note and on that
positive note we will finish. Matthew Stuttard,
Professor Duncan Wingham and Professor Shaun
Quegan, thank you very much indeed.

industry and how is that communicated to
academia?
Ms Duthie: The communication to industry is
mostly done through BNSC because BNSC has the
responsibility for the space industry and we work
closely with them.We also keep in close contact with
the knowledge transfer network on position and
timing. For instance, we might attend their
seminars, we have discussions with them about the
road map for the use of Galileo, and we talk to
people like Ordnance Survey and Inmarsat and
other providers or users about what is needed to
smooth the ground for Galileo.

Q390 Chairman:Neil, are you happy with the way in
which the Government is approaching the use of
Galileo and the huge potential benefits there are
both for your organisation and elsewhere? Are you
fully plugged in?
Mr Ackroyd: Yes. In a number of ways the
knowledge transfer network that Liz mentioned was
a very useful organisation. It brings together all
parts of the downstream activity groups, from big
utility companies to the network providers, to small
SMEs, to large upstream organisations such as
Logica and EADS and people like that. That is a
very dynamic group and communicates very well.
On the application side,many of the applications are
already out there and working well within the
current infrastructure but really have not yet
migrated to, I guess, safety critical or business
critical applications because of availability problems
in urban areas, for example. The utility is clear. I
guess really now it is a case of waiting, as Liz has
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said, for the signals, so that the receivers and the
architects can build the technology that will deliver
the applications.

Q391 Chairman: Could I come back to you,
Elizabeth. In terms of road user charging, which is
something we have heard a great deal about, when is
the Government going to make a decision on that?
When is your department going to make a decision?
This year?
Ms Duthie: The Government will make a decision
when it has the evidence on which to base that
decision. Within the last six months, the department
announced that there will be trials of the technology.
There are 10 pilot schemes, from recollection, and if
you like I can send you some more information
about those. The question is how you get a system
which is as simple as possible and puts as few
burdens as possible in terms of cost and complexity
and so on.

Q392 Chairman: So there is no firm date in fact.
Ms Duthie: There is no firm date as far as I know.

Q393 Dr Spink: Is there suYcient satellite cover up
there at the moment for this country to make a
system, if all the other systems were engineered
correctly, feasible at the moment? Or do we need
more satellite capacity up there?
Ms Duthie: The answer to that must be in the
experience of Germany, where there is a lorry tolling
scheme. That is a mixed scheme which includes GPS
and, I think, microwave. At the moment the
Germans have gone for a mixed system. Other
European partners are also looking at systemswhich
I think involve mixed technology.

Q394 Dr Spink: So there is not suYcient satellite
capacity up there at the moment to make
broadcasting work in this country.
Ms Duthie: It depends exactly what degree of
assurance and integrity you want from the system
andwhether you want to augment the use of satellite
technology with some other technology.

Q395Chairman:Patrick, could I ask you two things.
First of all, how plugged in is the private sector to the
Government’s plans in terms of the use of Galileo
and other satellite systems? Secondly, in terms of
private companies, how would Galileo benefit the
private companies operating within this space field?
How important is it to you? I am a bit depressed, to
be honest, listening to all the problems that might
exist. I thought Galileo was going to be the answer
to all our problems.
Mr McDougal: The private sector, certainly
Inmarsat, is very well versed in what both the UK
Government and European governments are
planning and imagining the uses of Galileo for.
Some of them are moremature than others but there
is a lot of activity at both the transport level and at
other levels to generate these kind of applications. I
do not think there is a lack of understanding of that.
To answer the second question, the diYculty right
now is not knowing what the private sector would

call the business model—exactly how we are going
to earn that profit that we need to make the
investments we are making now. For Inmarsat we
accept that lack of certainty because that is the
nature of this beast. It is a long-term set of
applications for which the exact business model is
uncertain but for which the potential is huge and is
completely accepted by all this.

Q396 Chairman: Is this because we are not
developing the technologies fast enough?
Mr McDougal: No.

Q397 Chairman: Is this about R&D within the
private sector?
Ms Duthie: No, I do not think so. I really think the
path to success here for both the private and the
public sector is, as quickly as possible, to get this
thing built and out there. Only then, when we turn
to our downstream colleagues, our service providers
or application providers, will we see the level of
development that we will need. We have no doubt
that the potential is there but the only way to get
there rather than studying it endlessly or doing more
R&D is to get it out there.

Q398 Chairman: Neil, would you agree with that?
Mr Ackroyd: Absolutely. The whole reason that the
GPS signal took oV the way it did was because the
signals were operational in the early Eighties. It is as
simple as that. The manufactures then learned how
to use those signals and learned how to use them in
ways that the designers had not anticipated.

Q399 Chairman: The answer is to get on with it.
Mr Ackroyd: Absolutely, get it up there.

Q400 Dr Iddon: I would be a little challenging about
the costs and the time-scale associated with Galileo.
Costs have escalated so far by 50% according to
the figures I have in front of me. The British
contribution to that increased cost is considerable.
The ratepayers and council tax payers and taxpayers
in this country ought to be worried. Why are the
costs escalating? What are the costs that are putting
those costs up?
Ms Duthie: One of the reasons the costs have
escalated is that this is a developmental system. I am
sure my colleagues can say more about that but it is
a system which is intended to advance performance
and so on. It is not infrequent that if you are building
a developmental system costs do increase. I am not
saying we should simply accept that explanation.
Certainly the Government’s position is that we
should push very hard to get value for money from
the programme and that is one of our priority
objectives in the discussions. It is also possible that
another reason the costs have increased is because of
the structural diYculties. In taking forward a
programme which is at the development stage, joint
between the Commission and the Space Agency, is
something that has not been done before and the
structure has not always worked as eYciently as it
should have done. There have also been problems
within the industries which are bidding for the
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concession. There are a number of factors, not all of
which are covered, but I think the important thing is
that the Government is making very strong eVorts to
ensure that the costs are value for money for the
Community and for the individual members of the
Community.

Q401 Dr Iddon:Neil Ackroyd, is there anything you
would like to add or does that summarise the main
problems?
MrAckroyd:This is not an issue of technology costs;
this is an issue of process and time. The length of
time that it has taken to provide the political
environment and the business environment have just
gone way beyond what was originally anticipated.
This is not a technology issue at all; it is an
operational and administrative issue.

Q402 Dr Spink: Has the specification changed? Are
you expecting more from Galileo than you were
when it first started? Is that a reason why costs have
risen? If so, who has changed the specifications?
MsDuthie:There have been some additional costs to
the development programme because in the initial
specification they did not take enough account of
ensuring the security of the system, so there were
some additional costs announced, originally, about
two years ago which were for security and other
parts of the specification.

Q403 Dr Spink: Were these specification
requirements applied by the Department of
Transport?
Ms Duthie: The specification requirements were
worked out within the body that is part of the ESA/
European Commission structure. For instance,
there is a body of experts which deals with the
security of the system and they certainly assessed the
additional costs before they were brought forward.

Q404 Dr Iddon: I recognise this is a developmental
programme and we all know the diYculties
associated with that but what action is the UK
Government taking to ensure that this is not an open
money box? Have we capped the programme or are
we buying into a white elephant here? Are we going
to get an adequate return after full investment is
completed?
Ms Duthie: There is more than one question there.
In relation to the question about what are we doing
to ensure value for money, about two years ago, we,
with colleagues in the other Member States,
managed to get a decision that there will be no
signature of the PPP contract until the Council of
Ministers has had a chance to look at what you
might call a cost-benefit analysis of the programme.
Because of the delays in the concession negotiations,
that obviously has not happened yet, but we have
been working quite hard and we have put forward
proposals on the elements that should be included in
that assessment. We have got a lot of support for
those from other Member States and the
Commission has involved the European Investment
Bank so that they can put forward an adequate
assessment of the costs and benefits to the Council of

Ministers. The European Parliament will also be
involved because there will be a financial regulation
to authorise the funding of Galileo and we have also
worked with MEPs to ensure that they are up to
speed on: “We need to take an informed decision
on this.”

Q405Dr Iddon:Would anyone else like to comment?
Mr McDougal: You asked a question before, Dr
Iddon, but I did not have a chance to respond to it
about the cost increase. I would agree that there is a
natural element to cost increase. This is a very
complicated programme. It is evolving; the
specifications are evolving. The specifications are
evolving because of public interest and the
specifications are also evolving because the
concession and the private interests have pointed out
ways, if there is additional functionality, that there
will be additional revenue potential at the back end.
That is all a natural outcrop that happens in any big
infrastructure programme. There is a slightly
unnatural element to this too, because of the nature
of the way the European industry has come together
to participate and to build it and to operate it and
that is always going to be a challenge with this
programme. But I think that is where the UK PFI
experience and Inmarsat experience should really be
brought to bear. We are the ones who can really
bring financial discipline to this project and we
should be bringing it. That is the role we should be
emphasising in our involvement in Galileo, not—
excuse my saying this—the traditional role of
looking at a European project and saying, “I’m not
sure if we really want to be part of this,” but to take a
very active role, saying, “We are part of this but this
needs to have more discipline than it has right now.”
We need to step out in front of that.
Dr Iddon:That is a very frank admission. Finally, on
the time-scale, the ESA website currently states that
Galileo will be operational from 2008 onwards. That
sounds rather optimistic to me, in view of what you
have all said this morning. Can we re-write that bit
of history?

Q406 Chairman: Estimated date?
Ms Duthie: I think the generally accepted date for
the system to be operational is 2011.

Q407 Dr Iddon: So we can tell ESA to rewrite their
website.
Ms Duthie: ESA may be talking about the four in-
orbit validation satellites. Theymay be taking rather
a narrower view of it.

Q408 Chairman: We heard it here and it is 2011.
Would you roughly agree with that?
Mr Ackroyd: I think it is fair to say that the utility
will come from the system rather before then. Just an
extra six or seven satellites will make a big diVerence
to many applications.

Q409 Chairman: But the whole system will operate
in 2011.
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Mr Ackroyd: Yes.

Q410 Dr Spink: When do you think the utility will
start?
Mr Ackroyd: If you look at the experience we had
with GPS, practically when there are six or seven
satellites.

Q411 Dr Spink:When would that be?
Mr Ackroyd: Based on current presumptions,
probably about 2009.

Q412 Dr Harris:Mr McDougal, how influential do
you think theUK is withinGalileo tomake sure that
it delivers all the things we are talking about that the
UK is particularly interested in seeing it deliver?
Mr McDougal: Let me make sure I understand the
question. There are UK private interests, and I can
speak knowledgeably about that. I can speak less
knowledgeably about the UK public voice.

Q413 Dr Harris: I meant the UK from your
perspective, the people you deal with in the UK. As
a community, how much do you think the UK has
influence, in order to get out of it what we are hoping
and expecting?
Mr McDougal: I think we are doing a reasonably
good job, as academia, as industry and as
government on the whole. From the upside, the UK
has benefited extremely well and Surrey Space
has been a great success story in the early
implementation of Galileo: Astra and big contracts,
Logica et cetera, et cetera. If you look further
towards the downstream and the exploitation of
this, the UK has a tremendous amount of resources
to bring to this, from, say, the Inmarsat perspective:
Inmarsat as an operator of all the satellite services,
the leading operator in the world today for all the
satellite services. I think that Europe sees that as a
very natural skill set to bring but, beyond that, there
is a whole set of smaller businesses in the UK, in
Leicester, SheYeld, Nottingham, around Surrey
that are really on the edges of this right now and
which will come together as the exploitation of the
satellite system becomesmoremature. I think we are
pretty well placed. Whether we operate in an
aggregated way to the best eVect, I am not so sure.

Q414 Dr Harris: May I ask any of you how much
you fear or are worried about the co-opting of
Galileo for military use from exclusively civil use,
how realistic that threat is and what the problems
that would cause.
Ms Duthie:May I come in on this one because this
is a political question. Galileo, it is agreed by the
Council, by the Commission and by the European
Parliament, is a civil programme under civil control.
That has always been one of the unique selling points
of Galileo and it is, for instance, why the EC has
made agreements with other countries to extend the
commercial and governmental use of Galileo. So it
would be a very big change to have any sort of
development of Galileo as a military programme.

The Government position is strongly to defend the
fact that Galileo is a civil programme and we
obviously do that when that comes up.

Q415 Dr Harris:Other countries are suggesting that
they might want to see military use of it.
Ms Duthie: You have to see this in the context, I
think, that there is a more general discussion going
on about dual use of space; for instance, in the work
that is currently being done on EU space policy. But
for Galileo the issue is that it will remain a civil
programme.

Q416 Dr Harris: Does the announced intention of
China to develop a satellite navigation system create
any threat to the viability of Galileo in any way?
Ms Duthie: I do not think we have enough
information about the Chinese system yet to know
whether it creates a threat to the viability of Galileo
as a commercial system.

Q417 Dr Harris: Do you agree that this is a risk?
MrMcDougal: I do not think it is unexpected at all.
China has long had expectations of putting in place
a nationally oriented navigation system, as do the
Indians, as does Russia, as has the US. We will still
cooperate with the Chinese in their system with
Galileo. You should really see these systems not
necessarily as independent silos of information but
that they will be sharing data in many ways and will
make the user experience for many of us even better.

Q418 Dr Harris: You understand why I am asking
the question. The New Scientist headline story on 8
November was headed “China’s satellite navigation
plans threaten Galileo”. But you think that is
unfounded.
Mr McDougal: Yes.
Ms Duthie: There is an EC-China agreement which
relates to the development phase. On the point that
Pat made about the complementarity, of course it is
already agreed with the US that the receivers will be
complementary for GPS and Galileo and this is one
of the big technical advances because you would
have double the number of signals.

Q419 Dr Harris:My final question is about the issue
of jamming in times of conflict, whether you
anticipate any problems from the US capability to
jam civilian public systems.
Ms Duthie: That is something which is explicitly
covered in the agreement between the EU and the
US in 2004.

Q420 Chairman: Was there not jamming of civilian
satellites on 7/11?
Ms Duthie: Yes.

Q421 Chairman: Was there an agreement in place
then and they still jammed the satellites?
Ms Duthie: They were not jamming Galileo signals,
obviously, on 7/11.
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Q422 Chairman: Of course they were not. It was
not there.
Ms Duthie: The agreement covers the conditions for
the compatibility of the signals. I cannot remember
oVhand whether it covers conditions for jamming
but that certainly has been one of the discussions and
I can write to you on that if that would be helpful.
Dr Harris: I think that would be helpful.

Q423 Chairman: That would be very helpful. Could
I ask you, finally, are you happy with the state of
Galileo programme at the moment? Yes or no? Do
you think it is on track?

Ms Duthie: There are a great many challenges in the
Galileo programme.

Q424 Chairman: Are you happy with where we are
at this point in time?
Ms Duthie: It would be better if we were further
along.
Mr Ackroyd: I am happier than I was four months
ago when we had not made the commitment from
Great Britain to support in the additional funding
requirement.
Mr McDougal: Reasonably happy.
Chairman: On that reasonably happy note, may I
bring this session to an end. Thank you very much.
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Q425 Chairman: Good morning, and can I oVer a
special welcome to our three guests this morning,
our first panel, and a particularly warm welcome to
Lord Rees of Ludlow, the President of the Royal
Society, Professor Len Culhane, the Chairman of
the UK Space Academic Network, and Professor
Michael Rowan-Robinson, the President of the
Royal Astronomical Society. Good morning to you,
you are all very, very welcome, and welcome also to
guests in the gallery and to members of the press. I
wonder if I could ask you, Lord Rees, if you would
chair your panel, if you wish to deflect questions to
your colleagues, so that, if there is a problem, then
you will be responsible for it. Lord Rees, we are very
interested in this whole sort of food chain which goes
on in terms of space and its importance in terms of
this inquiry and I wonder if you could talk us
through that food chain really from developing the
funding for a space mission right through to it
actually taking place. Could you just give us a quick
view of what is involved?
Lord Rees of Ludlow:Thank you, Chairman. Let me
first say that it is a great privilege to be in front of
this Committee and also to be here with two
longstanding friends and colleagues; we have
worked together on many scientific activities. I am
here for the Royal Society, but of course we have
many common interests with those two other bodies
represented. I would like to emphasise the
interconnectedness of all aspects of space. Even the
purer science depends on technology and has often
been used to pioneer technology which has led to
applications, so there is an interlinking between the
industrial side, the scientific side and also the public
outreach side which is important for stimulating the
flow of able people into the field, in our evidence we
try to emphasise those links. I would also like to
emphasise that it is an inherently international
activity because, althoughwe in theUKcan do some
things for ourselves, we are very much plugged into
international collaborations and, in particular, in
science, and in many applications we work through
ESA. Perhaps I could just say a word about the
perspective of ESA from the UK. If we look at
Europe as a whole, Europe is clearly a match for the
United States in its intellectual capital and in its level
of economic activity, but space overall is one of the
few areas of economic life where Europe as a whole
does not match the United States. The reasons for

that are straightforward. Essentially, the United
States ramped up its eVort through superpower
rivalry. That is why it has a far larger aerospace
industry and that is why NASA has a budget which
is three or four times that of ESA. For that reason,
it seems to me that in ESA there has to be a focus
on some subset of the activities which NASA
engages in. We, as a member of ESA, want, as in
all international organisations, to maximise our
leverage to try and get, if we can, more than our pro-
rata share of the action, so those should be the goals.
As to how we do this, I think the important point is
to stimulate excellence in students going into the
aerospace area, excellence in research projects,
maximising our impact on the decisions made by the
European Space Agency and maximising our
collaboration between the science and the
applications. In that context, one point which we
made in our Royal Society evidence, which was
echoed by the evidence given by a number of other
groups, was that BNSC, although functioning
eVectively within its limits, has too low a profile.
There should be some eVort given to somehow
enhancing its profile because there would thereby be
two benefits. First, there would be some UK
organisation which is perceived by UK citizens,
particularly young people, as being a flagship
organisation for space which there is not now, and
also it would provide a more eVective interface
between the UK and Europe.

Q426Chairman: I amactually going to return to that
because clearly it is an important issue, but can I
just pin you down on this basis: clearly you
have described the interconnectivity, you say,
between particularly academia and, for instance,
industrialists in terms of being able to develop, and
all three of you in your evidence have made that
point, but how close is the interaction between the
space science academics and the industrialists in the
UK? We, quite frankly, have heard evidence that it
is not as good as it should be, so, in your view and
indeed the view of the rest of the panel, how good
is it?
Lord Rees of Ludlow: Well, if it is not, it is clearly
important to improve it, but I would have thought it
is crucial. Obviously the training of the people who
go into the industrial sector of space in the UK
depends on excellence in universities and strong



3657371005 Page Type [O] 12-07-07 01:55:42 Pag Table: COENEW PPSysB Unit: PAG1

Science and Technology Committee: Evidence Ev 69

21 February 2007 Professor Len Culhane, Lord Rees of Ludlow and Professor Michael Rowan-Robinson

research groups there and, even if we are building a
space instrument or satellite for scientific purposes,
then of course a lot of the work does involve
industry, so there is the need for a genuine symbiosis
in the personnel and in sharing the technology.

Q427 Chairman:Wewould agree that there needs to
be that, but the question is: is there, for instance,
compared with France, where there seems to be a
really close alignment between what happens in
terms of French space industry and the academics
working in the French universities? Professor
Culhane, what is your view on that?
Professor Culhane: Well, I certainly take the point
that, of the order of a decade or more ago, the
interaction was not eVective. In my comparatively
recent experience, it has becomemuchmore eVective
and there are a number of things driving this, one of
which relates to your point about the food chain.
ESA, in establishing large missions in particular,
increasingly operates in the area of so-called ‘facility
class instruments’ and here, contrary to previous
practice, an academic group which will become a
niche player will not lead such a thing and there will
be an industry prime, but the prime is absolutely
dependent on the niche skills of the academics, so,
for very pragmatic reasons, universities are allying
with industry tomake competitive winning, bids, for
these major new facilities. I think this is a structural
change in the way ESA procures some of its large
instruments and that has, for simple pragmatic
reasons, led to this outcome. I believe that is working
very well. Certainly in our own institution, we have
at least two major mission examples going through
where this is happening and it is becoming more
general.

Q428 Chairman: Professor Rowan-Robinson, can
you comment on that? Do you think it is working
well?
Professor Rowan-Robinson:Well, I think it works at
the level of an academic group designing space
instrumentation and then working with industrial
contractors to develop the design and build it. I
think what we felt was lacking was co-ordination by
BNSC at the higher level of universities and the
space industry and I think there were two areas
where we thought there was a lack of co-ordination
and leadership in BNSC. One was in the area of
technology development in the industrial context
and the other was in the level of training of young
people which is sort of more or less left to the
universities to do if they feel like it, but there is no
real national plan for that.

Q429 Chairman: Do you think that is BNSC’s role?
Is it their responsibility?
Professor Rowan-Robinson: Well, it may not be
defined as their role, but we feel it is needed. We feel
that whatever organisation is leading space in the
UK should be taking the lead in co-ordinating
these areas.

Q430 Chairman: Lord Rees, in terms of the sort of
gestation period between a concept and actually
putting a space mission into operation, what sort of
timescale are we talking about?
Lord Rees of Ludlow: That timescale is growing of
course because of the scale of the operations and I
think for some of these satellites it is 10 or even 15
years from the concept to the actual flight. The
operational phase lasts longer still. This of course
does have a negative impact on how we train
students and involve PhDs, and we have to try and
get the universities to fund distinctive PhD projects,
but that is a problem we share with students in
particle physics, et cetera. Just as a footnote to what
my colleagues have said, I think we have got to bear
in mind that the level of our expenditure overall is
much lower than in France, I think we are all aware
of that, and I note that the evidence from the
industrial sector has emphasised this, but that of
course does make the linkages less eVective and
lowers our profile.

Q431 Chairman: So, in terms of the UK taking a
leading role in ESA and bilateral missions, how
could we improve that, other than just spending
more money? Is it just a matter of money?
Lord Rees of Ludlow: Obviously if we were involved
inmore of the so-called ‘optional’ programmes, then
clearly we would have a bigger stake overall, but, if
we look at our involvement in the science
programme where of course, as you know, our
contribution is based on a firmer relationship with
GNP, then I think our key strength comes from the
high standing of our academic community and also
from our eVectiveness in the decision-making
process. There is tremendous competition in
deciding which particular mission actually flies
among the many proposals made to ESA, and the
more eVective we are in our interface with ESA and
in arguing our case, the more likely it is that the
projects that ESA chooses will be the ones in which
the UK has the maximum stake and for which the
UK can get the greatest pay-oV.

Q432 Chairman: Could I suggest, Professor
Culhane, that, in terms of bilateral missionswith, for
instance, Nigeria, with India, with China, we might
be better and get more, if you like, bangs for our
buck, if you will pardon the expression, by looking
at that rather than putting all our eggs into one
basket with ESA?
Professor Culhane: Well, in general terms I would
agree, although I would not pick up all of your
examples, but rather be very pragmatic in selections.
The key issue which is involved here is the
comparatively small volume of our national
programme as distinct from that which is directly
related to ESA, and our evidence indeed emphasised
that our ratio of non-ESA to ESA spend is
significantly below that of the major European
countries. I think were we to increase that
conceptually rather than simply fiscally, that is to
place more emphasis on a national programme, and
here BNSC would obviously be a player, then we
could very selectively and pragmatically pick
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partners with whom we are likely to win. We do this
at the moment, but, in my view, not on an adequate
scale and we could get much more bang for buck, so
to speak, if we were able to choose from a broader
spectrum of partners.

Q433 Chairman: Professor Rowan-Robinson,
would you agree with that analysis?
Professor Rowan-Robinson: I would agree, but I
think the thing we would want to emphasise is that
enrolment inmissions should be decided on scientific
grounds and you should go for the best scientific
missions. Sometimes those will be ESAmissions and
sometimes there are very good opportunities with
bilaterals, and I am involved in bilateral activities
with NASA and with JAXA, the Japanese agency,
and these are very eVective where a real scientific
opportunity arises. I am not so much in favour of
saying, “Let’s do amission withNigeria” just for the
sake of it because it is cheap; it has got to be good
science.

Q434 Dr Iddon: Can we reach an agreement with
NASA that, when a British scientist goes up on one
of their missions, they fly with a British passport?
Helen Sharman is the only person who appears to
have flown while holding a British passport and
Piers Sellers of course had to convert himself to
being an American.
Professor Rowan-Robinson: These were not really
science missions, so I think the thing is that, if you
are asking, “How important is it in the UK space
programme that there be British astronauts with
British passports?”, I would say in itself it is not
important. I think there are other reasons maybe for
wanting to see British astronauts.
Chairman: We will return to that later. That could
take a whole morning!

Q435 Dr Spink: Let me take that one by the horns
right now because the Royal Astronomical Society
report of 2005 concluded, “There is science of
profound interest to humankind that can only be
pursued on the Moon and Mars by direct
involvement of humans in situ”. Now, we also heard
Lord Rees earlier very eloquently saying that BNSC
should raise its profile, of course implying it would
need help to do that. You all can guess of course
that, if theUKGovernment fundedmanned flight in
some way, this would engage and focus public
excitement and interest and it may well be
of scientific value, according to the Royal
Astronomical Society, and in fact the Royal Society
did say that it would cost around about only
£150 million per year for quite a few years to engage
in full international manned flights, so why are we
not doing it? Do you think we should be?
Lord Rees of Ludlow: I think I am on record in
earlier contexts as saying that, as a scientist and
practical man, I am sceptical about manned space
flight, but, as a human being, I am strongly in
favour.What Imean by that is that I really hope that
some people now living will walk on Mars and I am
an enthusiast about it, I fully realise the inspiration,

but we have to realise that programmes of the kind
carried out by NASA involve immense expense and
very long time-frames.

Q436 Dr Spink: Do you disagree with the £150
million a year that the Royal Astronomical Society
predicted?
Lord Rees of Ludlow: I think it depends how much
youwant to do and it dependswhat the ticket price is
charged by NASA, because clearly in the short term
NASA would be providing the launch. To go back
to the general issue of the prestige of having people
in space, there have been astronauts from many
nations, even from Mongolia, and this has perhaps
had some impact on the public opinion in those
countries, but if we were to pay the full economic
costs, then that would be far beyond us. It is good
that the Minister, Malcolm Wicks, did make a
statement that we were not, in principle, opposed to
manned space flight. It is clearly an ‘own goal’ if we
say we would never do it, but we do have to ask how
much are we prepared to pay. It is just a question of
the price of the ticket and, if we can raise our profile
by having UK astronauts, then that is great, but we
have got to bear in mind that, if we paid anywhere
near the full economic cost, it would overwhelm all
we could do on unmanned. If I can comment onESA
generally—

Q437 Dr Spink: Actually let us just stick to this,
please. Professor Culhane, you have said in your
evidence that we are living on past investment and
perhaps suggested that the investment could be
increased. Of course the £150 million per year for
manned flight would be in addition to the £207
million for general space, but do you think it would
be worth spending that to engage young people and
the public in science more positively?
Professor Culhane: I think it would be very diYcult
to justify on purely scientific functionality grounds
and, whilst in the past there has been an excessively
doctrinaire opposition to the use of humans in space,
I think we should nevertheless, as Lord Rees has
said, evaluate the situation on its scientific merits.
Now, if there are issues of public appeal, if it is a
nationalmatter judgedworthy of £150million a year
to induct a large pool of students, that is a totally
diVerent issue, but it is not doing science.

Q438 Dr Spink: So it is political as well as scientific?
Professor Culhane: I believe at this point the case
would be largely political.5

Q439Dr Spink:Professor Rowan-Robinson, do you
take a view on this?
Professor Rowan-Robinson: You have quoted the
RAS report and it is absolutely true that the
independent commission which we asked to look at
this found examples of science programmes that
probably at the moment could only be done
involving astronauts. For example, deep drilling on
Mars, it needs people to say where the drills should

5 Note by the witness: Though we should continue to evaluate
critically the role of humans in space for particular
applications.
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go and so on, so it is just not very likely that you
could do it robotically at the moment. To achieve
those kinds of science scores, the ones we identify as
needing humans, we are talking about a huge
programme and I do not think, within this modest
programme of £150 million a year, you are going to
get to that goal.

Q440 Dr Spink: But the Royal Society, in its report
of 2005, said that there were things that should be
done on Mars and that it would be approximately
£150 million per year for 20 to 25 years.
Professor Rowan-Robinson:This would allow you to
have a real geologist firstly on the Moon and then
later on Mars. I think that the goals that we
identified are much grander goals which would
require a very substantially enhanced programme.
We were concerned about the way our commission
was being quoted, for example, by NASA as, “RAS
endorses human space exploration”, which you, to
be fair, are also doing.

Q441 Dr Spink: Yes.
Professor Rowan-Robinson: So we did recently poll
our membership with a carefully worded statement,
saying that we strongly endorse the benefits of space,
we think that missions should be selected on science
grounds and we recognise there are some goals
which may require human space flight, but that
they are only feasible within a greatly expanded
programme, and we also recognise that it is an
attractor for students into stem subjects and so on.
This was supported by our membership in a poll the
other week very strongly where 96% favoured this
kind of stance.

Q442 Dr Spink: I am sort of disappointed, Professor
Rowan-Robinson, that you appear to be now
rowing back on what is a clear costing and a clear
conclusion of the 2005 report.
Professor Rowan-Robinson: Not at all. The report
says that there are some science goals that require
human space flight which is a diVerent thing from
saying that the UK should now double its budget
and go into human space programmes. What you
will get for that is a—

Q443 Dr Spink: You did not just say “some science
goals”, you said that some science goals are of
profound interest to humankind.
Professor Rowan-Robinson: Absolutely.

Q444 Chairman: We really would like to get some
idea as to what would be the cost, the minimum cost,
of us actually committing in our report, saying to the
Government, “You need to go into manned space
flight and you need to commit at least this amount
of money to it”. What would be your estimate?
Professor Rowan-Robinson: As I say, it depends
what you are asking and what you are trying to
achieve. As I say, if you are trying to achieve a UK
involvement in the next phase of lunar explorations,
so there would be a UK geologist with a British
passport as part of that team, then I think the

estimate of roughly doubling the budget is about
right and we would have to negotiate with NASA
because it would be heavily subsidised by NASA.
Lord Rees of Ludlow: Just to emphasise that, we
would be minor partners in an American-led project
if we were to get involved.

Q445 Dr Spink: No change there then!
Lord Rees of Ludlow: The question would be what
they would charge and what would be the pro-rata
share. We could have astronauts going around the
Earth in a shuttle for a sum we could, in principle,
aVord, but I do not think that inspires anyone. I
think the key thing is whether we are part of the next
phase of manned exploration involving returns to
the Moon and then going on to Mars, and that is an
American vision spread over 20 or 30 years.Whether
it will be realised, we do not know, and the question
is to what extent we or ESA should get formally
on board as minor partners in an American-led
collaboration.

Q446 Dr Spink: Professor Rowan-Robinson, what
are the areas of profound interest to humankind that
we could be doing with manned space? What are the
specific projects? Are we looking at understanding
climate change by going to Mars or what?
Professor Rowan-Robinson: No, it is very specific.
The real thing that we identified is deep drilling, and
deep drilling on the Moon would be of interest.

Q447 Dr Spink: What would that give us?
Professor Rowan-Robinson:The two science goals of
this type of mission are: one, to understand the
origin of life; and the other is to understand the
formation of the solar system, so those are the big
goals.

Q448 Dr Spink: Pretty profound.
Professor Rowan-Robinson: Profound, absolutely,
but which can be explored in other ways. You
mentioned climate change and there is a good
example of something where human space flight is
not really helpful. What really contributes to
monitoring climate change and the Earth are robotic
missions, and that should be strongly supported.
Dr Spink:We have taken evidence here that Mars is
a model for what might happen in terms of climate
change on the Earth if we do not tackle it properly,
but whether human flight is necessary to understand
that, I do not know.

Q449 Chris Mole: We have touched on some of the
training and skills issues so far. How do the panel
think they would describe the current status of the
space science community in the UK—is it healthy?
Lord Rees of Ludlow: I think we should see the issue
of training people for aerospace as part of a general
question. I think there are some green shoots in that
some of the negative trends in the numbers taking A
level and enrolling in undergraduate courses in
physics and maths are now being reversed, some of
the eVective programmes have started to have some
eVect, so, from a low base, things are improving.
More broadly, the important thing is to ensure that
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young people are well taught in the sixth form and
that they at least have a chance to meet someone
with a degree in physics during their school career,
which is a goal which is hard to achieve at the
moment. Also I think it is very important to ensure
that the careers which are perceived to be on oVer,
not just in academia but in industry, are attractive to
people. In my own university, even many of those
who are graduating in engineering are then going on
to work in the City or management consulting.
There is not a demand pull, as it were. It is not
perceived that careers in industry are attractive and
I think it is bad news for the UK if that trend cannot
be reversed and if the allure of the City overwhelms
the allure of manufacturing industry. It seems to me
that the reason why this particular set of hearings is
important is that the aerospace industry is clearly
one with a potentially high profile. It is a really high-
tech manufacturing industry and it does link
together not only science, but also issues like climate
change, communications, et cetera, which are
important for theUKand for the future of the world
in the 21st Century. It will be good for enrolment in
physics and related technologies if we do have a
higher profile and eVort in aerospace generally.

Q450 Chris Mole: Could I perhaps broaden it out to
your colleague. Lord Rees, you have touched on the
number of A level students doing physics, but what
about the actual number of students studying space
science? Has that declined, increased or remained
stable? Are there actually enough coming through to
create a sustainable pool of scientists to do research
in those areas?
Lord Rees of Ludlow: Professor Culhane can
probably answer that.
Professor Culhane: I would think it is marginal,
perhaps improving, but rather delicately poised and
the higher profile would most certainly enhance
the attractiveness, but, above all, I think, both
from an industry standpoint and the academic
science standpoint, the existence of a healthy and
functioning space science enterprise is an essential
prerequisite to having the courses which will then
attract the students. My comments earlier about the
national programme are directed at enhancing at a
comparatively cost the ability of the instrumentation
academic groups to function. They are the ones that
oVer the courses, and many of them presently do,
they need a higher profile, I agree, and there need to
be more academics who are devoted to this.

Q451ChrisMole:What aboutmoving into industry,
Professor Rowan-Robinson? Do you think there
that the concerns are justified, that students are
going elsewhere, having studied engineering or
space science?
Professor Rowan-Robinson: Well, I am not sure I
have anything to add on that, but it seems tome that
the degree in physics is the key to space science and
of course many other areas of industry. There are a
few universities which have these specialised courses
involving space science and space technology, but
most other universities with physics departments
will have options on space science within the physics

degree, so basically all physics students will get some
taste of space science in their degree. I think that the
UK Space group have made a very eloquent case for
expanding support for the space industry. They
demonstrated in their submission, which I am sure
you have read, that modest investment in the space
industry has a tremendous multiplying eVect in the
economy, so I think it is very important. It would be
a very valuable conclusion to “carriage” that kind of
stimulation, and the universities would be ready to
respond if demand increased.

Q452 Chris Mole: So it is basically that investment
in space science generally will pull through for the
industry?
Professor Rowan-Robinson: Absolutely, yes.

Q453 Chairman: It is good to hear you say that, but
it was very worrying when we heard from Avanti
who said that 70 to 80% of their postgrads working
with the company were now recruited from India
and China because we could not get them from the
UK. I am sorry, it is for me to ask you the questions
and for you to reply, but would you agree that that
is a very worrying trend?
Lord Rees of Ludlow: A leading question!
Professor Rowan-Robinson: I am surprised about it,
but yes, I would be worried. There is a lot of
international mobility of highly skilled people. For
example, for people who train in astrophysics and
space science, it is very common, if they continue a
career in that, for them to spend time abroad, andwe
are continually bringing in researchers from all
around the world.

Q454 Chairman: But 70% is fairly high, is it not?
Professor Rowan-Robinson: That is a bit high, yes.

Q455 Dr Iddon: Lord Rees, there has been an
astonishing increase in the number of students
studying astronomy in our universities; I think the
number of courses is around 45 now. Is astronomy
a good route into space science or would you advise
a student whowants to go into space science to study
physics instead?
Lord Rees of Ludlow:Well, I think you are right in
implying, Dr Iddon, that the introduction of
astronomy as part of physics courses has been very
beneficial for physics enrollers generally. If you can
call your department a “department of physics and
astronomy”, you getmore applicants than if you call
it just “physics”, so this has been beneficial and has
been one of the causes, I believe, of the turnaround
in the number of people studying physics. Most of
the students will be doing astronomy as a sort of
option, as an enrichment of the physics curriculum
where it does have a role to play. Astronomy
depends on space and astronomy uses high
technology, much of which is space technology, so I
think it is very important to emphasise that physics is
important for all these advanced technologies.More
generally, I am concerned in this country about the
physical sciences as compared to the biomedical
sciences. Biomedical sciences have support from a
strong pharmaceutical industry, from the Wellcome
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Trust and from the cancer charities, complementing
government funds. In the physical sciences
generally, we do not have those complementary
sources of funds and, for that reason, our strengths
are more precarious. Therefore, we should try very
hard to raise the profile of the sciences and the
technologies which are attractive to young people.

Q456 Dr Turner: Lord Rees, you have already made
reference to the BNSC and it is quite clear, from
written evidence submitted by yourselves on behalf
of all your respective bodies, that there is something
of a feeling of a lack of a clear lead, an eVective
leadership in the space field in the UK and that
BNSC, to use your words, I think, Lord Rees, “does
not have the clout to do it eVectively”. What would
you like to be seen to be done in promoting good,
clear, co-ordinated and eVective leadership here?
Would you wish to see, for instance, as some people
have advocated, a full-blown British space agency?
Lord Rees of Ludlow: Well, it would be
presumptuous of me to oVer a firm recipe because
clearly we know that the input comes from many
departments and many interests, et cetera, but, if we
look at what the weaknesses are now, I think there is
a problem that, if you ask the average person in the
UK, “What is the BNSC?”, they will not have heard
of it. Theywill have heard ofNASA, theymight even
have heard of ESA, but they certainly will not have
heard of BNSC. I think that is to the UK’s
detriment, so to raise its profile among the public
would be good. Also, to oVer a more co-ordinated
interface with ESA and other foreign agencies would
also be to our advantage in negotiations. As to how
this is done and howmuch of an independent budget
the beefed-up agency would need to have, I would
not want to comment. I know that there was a
suggestion in the industrial input that £20 million a
year of free money might be of help to BNSC, but I
would not want to comment on it in detail.
Professor Culhane: I think the key issue, as Lord
Rees has touched on, is the constitution. BNSC is a
loose association of some 11 or more distinct
government departments and research councils, and
I believe that, with a budget, however modest, and
with a remit to co-ordinate in a more proactive way
the national engagement in space, a lot of good
would flow from that. Again I hesitate with the
details or to recommend a full-blown space agency
on the NASAmodel, we avoided this shamelessly in
our report because we were focusing primarily on
science. However, even in the kind of science vision
which we oVered in our submission, a space agency
funded and with constitutional powers to run
a coherent national programme would be of
enormous benefit and I believe that is absolutely
lacking at present.

Q457 Dr Turner: Do you think it would have more
pull on the Treasury?
Professor Culhane:Well, that would depend on how
eVectively it presented its case. I believe a very
eVective case could be made.

Professor Rowan-Robinson: Currently the BNSC is
advised by the Space Board and the Space Advisory
Council which consists of members of the 11 partner
bodies, so it is ruled by committee, and you just
cannot get leadership, co-ordination and strategy
when ruled by committee, so basically we say that,
as a minimum, there should be an independent
space council which advises the Director General
of BNSC, reports directly to the Minister, is
responsible for space policy and co-ordination,
technology co-ordination, education and represents
academia, the partner bodies, government and so
on, but an independent body that runs BNSC is a
key.

Q458 Dr Turner: Which minister would you have it
report to?
Professor Rowan-Robinson: I suppose the Minister
for Science. I am not trying to design the structure,
but I think that, at the very minimum, that is a
change that needs to be made. An agency would go
beyond that because it would then control the
budget presumably of these 11 partners.
Lord Rees of Ludlow:Of course as to which minister
is involved, there are so many. There is the DTI
obviously, there is Defra, there is theMoDand there
are others and this is one of the problems.
Dr Turner: The Government works in silos still.
Anyway, we are now seeing the formation of the new
Swindon Town Football Club. How do you think
that is going to fit into the structure and what kind
of role do you think it can play in the future in
space science?
Chairman: This is the Science and Technology
Facilities Council.

Q459 Dr Turner: It is known as the Swindon Town
Football Club.
Lord Rees of Ludlow: I would have thought this
would facilitate some of the aims that we have
articulated this morning because obviously PPARC
is the body which has been concerned with space
science I would hope very much that the
reorganisation that is now taking place will leave the
internal structure of PPARC as unchanged as
possible, but nonetheless provide a more eVective
way of setting priorities across the whole field of
space.

Q460 Dr Turner: There clearly will be challenges for
this body. Do you think it has the strength to make
further contributions?
Lord Rees of Ludlow: It depends on its leadership
and it depends on the interface with DTI and OSI,
but I hope very much that there will be some benefit
which will compensate for the disruption that such a
change is causing.

Q461Dr Turner:You do not think there is a risk that
funding very large facilities like Behaviour, Collider,
Diamond and so on is going to detract from other
programmes?
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Lord Rees of Ludlow:Well, there is indeed, and that
is why I was expressing the wish that the internal
structure of PPARC which supports small-scale
research as well will be left unchanged. There is
indeed a tension between the big facilities and the
small science, but I think the overwhelming concern
is that the decision on the large facilities should be
made in a balanced way, taking account of scientific
priority and where the UK has an edge. The most
important decision which the Council will evermake
is to decide whether it is going to support facilities
that make the history books or those which are in
retrospect perceived as white elephants. That is the
most important decision they have to make and you
have got to make sure that the body making that is
as well informed as possible.

Witnesses: Dr Kevin Fong, Co-Director, Centre for Aviation, Space and Extreme Environment Medicine,
Professor Chris Kennard, Chair, Neurosciences and Mental Health Board, and MRC Council Member,
Medical Research Council (MRC), and Michael Gourlay, Quality Control Consultant, Marchbanks
Measurement Systems, gave evidence.

Chairman: Could we welcome our second panel this
morning: Professor Chris Kennard, the Chair of
Neurosciences and Mental Health Board at the
Medical Research Council; Dr Kevin Fong from
the Centre for Aviation, Space and Extreme
Environment Medicine at University College
Hospital; andMichael Gourlay, the Quality Control
Consultant at Marchbanks Measurement Systems.
Welcome, gentlemen, to the Science and Technology
Select Committee this morning and our inquiry into
space policy.

Q463 Dr Spink: It might be prudent for me to start
by declaring an interest because Professor Kennard
is a consultant neurologist at Charing Cross and he
may recognise my name because my son is a
neurosurgeon there, so I declare that as an interest.
I want to consider the usefulness of space medicine,
particularly to terrestrial medicine. Does the impact
of microgravity on the human body oVer potentially
greater understanding of medical problems that
might in some way assist us in terms of terrestrial
medicine, not just space medicine?
Professor Kennard: I think that the Medical
Research Council looked at this very carefully, as I
think was mentioned in the evidence from theMRC,
in a workshop in 2002. I think that there are a
number of areas that are potentially of relevance.
One is in relation to what happens when you go into
space, that you lose muscle bulk and the stresses on
the bones change so that potentially there could be
amodel there for ageing and osteoporosis in relation
to bone function. In cardiovascular disease, we
considered the possibilities of seeing whether space
research could actually give information about heart
failure, a very common, major problem for
terrestrial mankind. From the brain point of view, of
course for the balancing of organs, the vestibular
system is crucially important and there are a number
of opportunities potentially there for looking at the
way that the brain adapts to change and the

Q462 Dr Turner: Yes, of course, but the current
component parts of Swindon Town are already
involved with the BNSC.How eVective do you think
they are in that body and do you think they could be
more eVective in the future?
Lord Rees of Ludlow: I think the UK has been
involved in successful facilities and successful
projects, but there is always scope for improvement.
When we consider how the scientific eVort interfaces
with the applications, Earth-oriented research,
climate research, et cetera, I think there is
tremendous scope for improved co-ordination.
Chairman: I think, on that note, we will bring this
session to an end. Professor Culhane, Professor
Rowan-Robinson and Lord Rees, thank you very,
very much indeed for your presence this morning.

vestibular system adapts to change. Again it is
something that is relevant to ageing where the
diVerent inputs to the brain are changing at diVerent
rates, getting older, so the brain has to adapt, so it is
a question of whether space travel can actually
inform on this. After bringing all the experts
together, therewas a general view that therewere not
any specific areas that at that time, this is 2002, could
be seen to really definitely oVer benefits that could
not be obtained by work in laboratories around the
world rather than having to go up into space.

Q464 Dr Spink: Dr Fong, do you have any views
on this?
Dr Fong: I was at that workshop and I think the
areas that are highlighted are the relevant ones. I
think there is science that can be done and
microgravity is a unique environment for many
organ systems in which I think some useful science
might be done. I agree with the findings of the
MRC’s overall report, that there was no single area
that justified the programmatic expenses, however, I
think that medical science is just a small part of the
benefits from engaging in programmes of space
flight. I think that microgravity does represent a
unique tool for the investigation of human
physiology, but I think unfortunately it comes
wrapped in programmatic costs and one needs to
find an alternative way really if we are going to
engage in those programmes.6

Q465 Dr Spink: Michael, you are interested in the
implementation of equipment. Do you think there is
any crossover of equipment that is developed for
space which might have terrestrial uses or any spin-
oVs from that?

6 Note by the witness: “Programmtic costs” and
“programmatic expenses” refer to the full subscription costs
required for UK participation in an international
programme of human space exploration through the
European Space Agency. These are estimated to run at
around £150 million per year.
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Mr Gourlay: Undoubtedly. We have got a piece of
kit that measures variations in intercranial pressure,
ICP, which was selected to go up into space to check
the variations in ICP in the astronauts to try and find
a pin or a holder as towhat causes space sickness and
then we can take remedial action either through
drugs or whatever. This product is so close to being
up in space, but it was just knocked back in March/
April time last year by American cutbacks on space
because their equipment is kind of old and so on and
so forth. Now, the product has been selected to go to
Mars in 2035. As a result of all that work that we
have done on space, we have found applications in
the UK and one of the prime ones is that, during an
anaesthetic procedure, if it is a long one, ICP can go
up and that does lead to problems with cognitive
powering or cognitive reasoning and also, if it is a
very long one, it can lead to permanent deafness, so
there are a lot of applications in the UK on the deck,
as it were, rather than on the space which we believe
needs funding, needs exploiting and I think yes, it
will happen.

Q466 Chairman: But you could have found that out
without going into space. You could have developed
that technology without going into space.
Mr Gourlay:We are trying to resolve that just now.

Q467 Dr Spink: But you did not, so you would all
agree, I guess, that there are many reasons to go
to space. One is the pure scientific, one is the
inspirational and one is the spin-oV, all of these
should be considered, and perhaps the decision as to
whethermanned space flight is feasible or not should
be a political one, bearing in mind all of those and
not focused on just one of them.Would you all agree
with that as a summary?
Mr Gourlay:With this product, yes.

Q468 Dr Spink: Do you agree?
Dr Fong: Yes, wholeheartedly. I think the problem
with human space flight is that we try and dissect it
out and look at individual arguments and wonder
whether or not the whole programme is worth it on
the basis of that single argument alone. Human
space flight is something in which the whole is much
greater than the sum of the parts and I think we
should look at it in those terms.
Dr Spink: Let me throw a negative at you. Do you
see any problems from the possible development of
space tourism?
Chairman: No, we will move to that later.

Q469 Adam Afriyie:Dr Fong, funding is always the
key issue, naturally. What level of funding do you
consider is required in the United Kingdom to
undertake research into specifically space medicine?
Do you have a range of numbers which you think
would facilitate that?
Dr Fong: I do. I think that we cannot engage in
programmes in spacemedicine and space physiology
really realistically without being part of the human
space flight programme; one goes hand in hand with
the other. You heard earlier that the costs were as
modest as £150 million per year. I think that the

programmatic costs will be something like that. I
think actually, as a first investment, as a seedcorn
investment, it can be done much more cheaply.
Actually I have just returned from Houston where I
am working with Johnson Space Center at this time
and I think that, between now and thinking about
programmatic engagement,7 there needs to be
something to help us evaluate the real benefits of
these programmes and I think you need to make a
seedcorn investment, and I think that could be as
little as £50–100 million over five years.

Q470 Adam Afriyie:Mere loose change!
Dr Fong: Well, not my loose change, but
somebody else’s.

Q471 Mr Newmark: You are a taxpayer?
Dr Fong: Yes, I am! I think that a programme like
that would help us evaluate the true benefits of
human space flight as a whole and it would allow us
to do some space medicine in a targeted, bilateral
and strategic way.
Adam Afriyie: But you state categorically that you
think that the UKneeds to take part in international
human space flight programmes. Can you see any
other way of undertaking this medical research in
the absence of joining a space flight programme?

Q472 Mr Newmark: Specifically in a simulated
environment. Could you create a simulated
environment on Earth to do exactly what is going on
in space? Why do we need to spend £150 million to
fly into space to do this?
Dr Fong: You can use simulated environments, but
they are simulated, so they are things that do not
represent what is really happening in space, it is not
perfect. The simulated environments on Earth are
generally part of a wider human space flight
programmewith other agencies. All of the simulated
facilities like that are ESA or NASA facilities or
Russian facilities, so again we need to be part of the
programme.

Q473 Adam Afriyie: Of course we all want a good
return on investments, so, if we spend £150 million
or even if we spend £1 million, one wants a good
return on that. Is there any evidence that spending
money in medical research in space gives a better or
more cost-eVective return on that investment than
spending the same money in a terrestrial laboratory,
in particular reference to terrestrial medical
research?
Dr Fong: I do not think you can talk in general
terms. There are some specific elements of science
that can best, and only, be done with a microgravity
laboratory. Generically, you cannot talk about
space versus ground, I do not think. There are other
benefits tomedical science, and again we have talked
about inspiration already, but you have heard earlier
that biological sciences are not in trouble. Well, they

7 Note by the witness: “Programmatic engagement” refers to
participation in an international programme of human
space exploration through the European Space Agency at a
cost of £150 million per year over a timescale of between 10
and 20 years.
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are, and I presented at the Department of Health’s
Chief Scientific OYcer’s conference this year, the
leading lecture of which was that there is a poor
supply of biological scientists to our medical
research base and we are importing them as well.
Again I think that the benefits of programmatic
engagement in programmes of human space flight go
across the boundaries of science, education and
research to the supply and demand of scientists as
well.

Q474 Adam Afriyie: We have had quite a lot of
evidence given from the Case for Space team on the
reason for government funding or providing
seedcorn funding for manned space flight and other
research in space. I do not think they made a very
good case because they did not bring together all of
the elements that you are talking about. You are
saying you cannot necessarily justify it on one
particular strand of research or one particular aspect
of the return. Do you have anything in addition or
would you suggest anything additional we should be
looking at other than the Case for Space information
which maybe would convince some of us a little bit
more that there was an overall case?
Dr Fong: I would like to pick up the Case for Space.
I would say as well that the decision is not sooner or
later, it is now or never because again, having just
come back from Houston, if you look at time-lines
for launch scheduling, we either decide to get
involved in the next couple of years or the next time
is in about 20 years’ time.Now, coming back toCase
for Space and the educational argument, we have
closed 24 physics departments in the last 10 years, we
have 48 left and, in 20 years’ time at that rate of
decline, we will have none. Now we turn to the Case
for Space document and there was a lot in that
document about the ability of space to inspire the
young. But it highlighted the fact that there was very
little that was objective. There are three elements in
there which, they say, they have some objective
evidence for. They were Space Camp Alabama, the
Challenger Learning Experience in Leicester and
Scottish Space School. Now, it did not say what the
details of those programmes were. Space Camp
Alabama is a camp for children that has people
walking around in blue suits pretending to be
astronauts or who are actually astronauts. The
Challenger Learning Experience is a simulated space
station mission.

Q475 Chairman:We have been there.
Dr Fong: It is predicated on human space flight as
the point of interest. Scottish Space School use a
dozen NASA astronauts through that programme
every year and it has been extremely successful.
Therefore, implicit in the Case for Space document
is, I think, fairly convincing evidence that human
space flight is useful.
Chairman: Clearly MRC is not convinced and they
are the funders of medical research, so what we are
very anxious to get from you thismorning is the hard
evidence which shows that, as part of a manned
space mission, actually putting resources into
medical research in space is really going to be

worthwhile, that we can only do it in space and we
cannot do it in a simulated situation. You have not
said that to us this morning.

Q476 Mr Newmark: Specifically, as a supplement to
that, we have heard that, with regard to topics such
as signalling in cells, bone growth and muscle and
fluid behaviour, you can only do that by going out
into space and not doing it necessarily in a simulated
environment on Earth.
Dr Fong: I am trying to think of the best way of
illustrating it. Science is all about taking a system
and introducing a perturbation and looking at the
response of that system to that perturbation: in the
case of physiological systems in which gravitational
loading is a big perturbation, muscle and bone in
particular, but also the cardiovascular system and
the neurovestibular system, removing entirely the
stimulus of gravity, which you cannot simulate on
the earth, or you can if you get in a lift and cut the
cord but it does not last very long and it is not very
pleasant.

Q477 Chairman: It is a lot cheaper.
Dr Fong: Temporarily. In the absence of that, you
have the opportunity to use a tool which has square
wave perturbationwhich allows you to perturb these
systems and look at them and the fundamental
properties. We do not really understand at cellular
level how bone works and how muscle works. The
focus in medical science has gone away from whole
body integrated systems physiology towards
molecular, and understandably, but these are areas
which would benefit.8

Q478 Adam Afriyie: In general terms you are saying
there is benefit for medical research in space. We
acknowledge there are benefits but at the moment
you do not necessarily have any quantifiable way of
establishing what the returns in the long term would
be to somebody investing today.
Dr Fong: With the line that MRC take, that they
should not top slice their own budget to fund this, I
think that is correct. They have agreed that funding
in responsive mode is good and I think that is right.
We need to have a diVerent funding source for
medical science because it is part of the human space
flight programme.
Dr Spink: Do you think there is ever any solid way
of estimating the financial benefits from medical
research, whether it is terrestrial or space, or is
research, by its nature, problematic and variable in
terms of output?

Q479 Chairman: First I would like a response to
Bob’s question very briefly but also I would like your
response to what Dr Fong is saying.
Professor Kennard: It is one of the big dilemmas that
the MRC has had: how to put a figure on the benefit
the research that it funds delivers to mankind. There
are lots of diVerent mechanisms that have been
looked at but none of them have been shown to be
really valid in all situations. It is a very diYcult task

8 Note by the witness: ie “In the absence of gravity”.
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but one which the MRC still continue to try and
fight. It is crucially important that the benefit is seen
not only in terms of lives saved but also in material
benefit for themoney that is put in.What I was going
to say was that the MRC does not just exclude and
say we are not going to have anything to do with
space flight. As Dr Fong said, we do consider
applications that come on response mode so there
are a number of individuals who link up with space
programmes elsewhere who want to do experiments
and come to the MRC and they are judged along
with all the other applications that come through.
We have not actually, for reasons that I have given,
decided to top slice. The other thing that is
important to diVerentiate, what Dr Fong was
talking about, is aspects of normal physiology. You
can get information about how normal man works
from microgravity. From the pathophysiology,
when you actually have disease that is influencing
the normal physiology, then that is where it is very
questionable as to whether there is any benefit from
microgravity.

Q480 Adam Afriyie: In January 2003 the Wakeham
Review recommended that the government should
definitely invest in microgravity in space. Has MRC
made any assessments since then of that conclusion
and the viability of funding microgravity research
since that was declined?
Professor Kennard: My reading of Bill Wakeham’s
report was that there were marginal benefits in a
number of diVerent areas but if you put it together
it then made the case. We feel there are potentially
marginal benefits in certain areas, particularly
physiology, but overall there is not justification for
changing the view.

Q481 Adam Afriyie: You mentioned response
modes. Applications come in and you sift them and
then you do not discriminate against space medical
research. Have you some statistics to hand as to how
many applications you have had and how many
have been successful vis-à-vis other types of
application?
ProfessorKennard: I do not have that information to
hand but I can get it for you.

Q482 Adam Afriyie: Is it hundreds?
Professor Kennard: No, it is a handful.

Q483MrNewmark:Given there may be commercial
benefits spilling out of space medicine, by not
participating are we losing out or is it wrong to even
think in those terms of when we have return on
capital employed? Should we be thinking more
about blue sky thinking, that this is much more a
long-term project and we should not be always
thinking for every pound we put in we have to get X
return today?
Professor Kennard:What you are saying is to what
extent should funding be strategically driven as
opposed to response mode. Again, there is a big
debate going on.

Q484 Mr Newmark: Specifically with space
medicine.
Professor Kennard: Should there be a strategic push
to work in that area? The view of the MRC is that
the funding we have is very limited, 500 million a
year, for all the diVerent diseases we try to tackle and
we cannot see any real benefit, even long-term, from
identifying a small amount of money to put into this
that would generate a real benefit.

Q485 Mr Newmark: A small amount of money is
what in your terms?
Professor Kennard: Some of the pushes that we have
had had £5 million or $10 million for specific
funding streams.
Mr Gourlay: The basic problem, as I see it, is if you
are putting somebody up in space and they become
ill, which is a very high percentage—I am not sure of
the exact figure—that puts them out of the game for
24 to 48 hours. With our kit we can find out what is
causing it. Is it ICP, intracranial pressure, variations
or whatever? If we can solve that, we have
astronauts, human beings, up there doing work
virtually from day one. That is why we are using this
kit, or we want to use it. NASA has funded it to the
tune of something like $400,000. It is unfortunate
because it should have been up in the last Shuttle and
we cannot help that but it will definitely be going to
Mars to find out what is going on. We are talking
with Virgin Galactic as well to see if we can screen
passengers before they go up because we do notwant
them ill up there although they are only six or seven
minutes in outer space. The spin-oV we have seen,
since we started working on this, is this anaesthetic
correlation with ICP. There is a raft of other
applications that we just have not had the time or the
funding to do. Yes, it is absolutely key, we believe,
to get up into space.

Q486 Chairman: Apart from that one device where
you have given an obvious spin-oV in terms of what
would happen in terms of long-term operations
under anaesthesia, what other spin-oVs have you
seen in terms of medical advances that come out of
the manned space flight?
MrGourlay:This is the only one that is scheduled or
designed to go up in space. That is the limit of my
experience on that.

Q487 Chairman: Could I just ask you, before I
move on to Des Turner, are you happy with the
current funding mechanism, ie the response mode
mechanism which obviously Chris Kennard talked
about, or is there some better way in which to
actually fund some of this medicine in space?
Dr Fong: I understand MRC’s position on this. Am
I happy with it? No, but that is because the problem
we face as a community of people who are interested
in space life sciences and physiology is that we are a
nascent community who are easily killed oV. You
cannot develop capacity without some seed corn
funding. The response mode funding, where we go
toe to toe with people who have had years and years
of infrastructure building, does not leave us in a
good position. I believe to develop our community
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that seed corn funding will have to come from some
other process. I have given it some fairly careful
thought through the last decade of engagement on
my part and the space life and medical science
community will not be developed unless we engage
in human space flight programmes which is why I
keep pushing that point. As a next stage we need to
do it soon and we need to do it for the costs that I
outlined of about £100 million over five years.

Q488 Dr Turner: I have a question following up
what you just said, Dr Fong. Do you think it would
be fair to say that the UK government is waiting for
other countries to demonstrate the viability of space
research in medicine before dipping a toe in the
water, by which time it may be too late?
Dr Fong: I think that is entirely true. It is interesting
to see the way that human space flight and space
science is treated compared to other sciences and
how closely it comes under that sort of microscope.
You can kill any nascent project of research by
sayingwewill wait and seewhat everybody else does.
We are now on our own in the G8 nations, beyond
the G8 nations, we are the only developed country
that does not have national astronauts at this time
and with that the accompanying programmes on
physiology and medicine. I think that is a poor
position. By the time we decide it is good, it is just
like the stock-markets, it will have gone past us and
we will not be able to catch up.

Q489 Dr Turner: Obviously you are in a position to
speak from personal experience. What does the
situation do for the relationship between UK
scientists and NASA? Do you find yourselves as
poor relations?
Dr Fong: Extremely poor relations. I am fortunate
enough to have arranged a bilateral agreement at the
level of laboratory to laboratory to allow me to go
out there and continue to look at what they do. I
have spent the last decade doing this. We used to
engage with ESA and NASA but ESA have pulled
out their support for any programmes I run in this
country because they do not see that we will ever
engage with them at programmatic level. NASA are
our remaining hope on this front as far as I see it.
Yes, all of the countries we engage with recognise
potential, they are just wondering how we are ever
going to manifest that.

Q490 Dr Turner: We need a certain amount of
specific funding for this and you think that would
plug the gap?
Dr Fong: I think you need what essentially amounts
to a governmental version of venture capital to be
invested in this project to allow you to see where you
may gain. The point is we have had multiple
independent reviews over the last 10 years which
have provided reasonable evidence there may be
something to gain from further engagement in
programmes of human space flight. We cannot
spend the next 10 years doing further reviews of this

kind because we will learn nothing extra. At this
point we need to speculate to accumulate. At
this point we need to make some small investment so
that in 20 years time if we are doing first-class
fundamental science on the surface of the moon and
beyond, that we have understood fully what our
position should be in that. We will not do that by
sitting around tables and talking about it. We need
to have something to start with.

Q491 Dr Turner: Presumably you are not in a
position then to attract and provide opportunities
for UK students in the field. Are they having to go
abroad in order to pursue their interests?
Dr Fong: They are. Spin-oVs and brain drains are
overused words when we talk about space flights but
the brain drain is real. I can name three people, Piers
Sellers, Mike Foale and Nick Patrick, all of whom
were formerly citizens of the United Kingdom who
are now American citizens. I also know of dozens of
people around Johnson Space Centre who did not
pass the astronaut selection, and one particular
individual who is studying at MIT who will likely
not be aBritish citizen formuch longer.Yes, they are
going abroad. We have a community at the moment
in the UK who we support but we cannot support
them indefinitely. After that their option will be to
turn away from space science, and therefore not be
part of your capacity building, or go abroad.

Q492 Dr Turner: You have made an eloquent case
for the problems in your field. Can you make an
equally eloquent case for the benefits of making it
happen, the benefits to the UK and the UK
economy?
Dr Fong:Yes. As my witness statement suggests, the
benefits of engagement in human space flight go
across the traditional boundaries between scientific
disciplines to education and to culture. All of those
are interrelated. Unfortunately, under the modes of
fundingwe have, we are usually unable to appreciate
that. We talk about the excellence of our science
programmes at the moment and yet the supply is
under threat. We do not know how to address that
threat of supply although we have something here
that might help with it but it is suddenly somebody
else’s problem. It is DfES’s problem or it is Culture’s
problem but it is not RCUK.We fall on that sword.
We fall between the stools on those things. If you are
askingmewhat ismy argument, my argument is that
a small early investment now, and a little bit of vision
in five years time, may deliver us what is the greatest
benefit of the human space flight, the next generation
of scientists to deliver our economy. There is a lot
out there to suggest our economy is in trouble
because of the lack of supply of scientists.

Q493 Chairman: On that rather depressing note, if I
may say, although I must admit the idea of long lift
shafts is a very attractive one for other ideas, if I
could thank Professor Chris Kennard, Dr Kevin
Fong andMichael Gourlay very much for being our
witnesses this morning.
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Q494 Chairman: We bring our third panel of
witnesses to this Science andTechnologyCommittee
space inquiry. Welcome Will Whitehorn, the
President of Virgin Galactic, Dr Patrick Collins,
the Director of Space Future Consulting and
Mr Jeff Gazzard, a Board Member of Aviation
Environment Federation. Imust confess, gentlemen,
this is a session for which I have been waiting for a
long time. It is customary for our Committee to have
interesting visits and we did feel that it would be
good publicity for each of the members of the
Committee to be given a ride in Virgin Galactic!
With those remarks, I will ask my colleague, Mr
Newmark, to begin the questions.

Q495 Mr Newmark: Is space tourism science fiction
or science fact? Where do you think we will be 10
years from now?
MrWhitehorn: It is worth saying that space tourism
was perceived to be science fact back in the 1970s
after the Apollo missions when the Shuttle
programme began. Many in Congress believed at
that time that the Shuttle programme was going to
become so regularised that you would be able to use
it for commercial purposes. To my mind the entire
concept of the Shuttle programme was flawed in its
essence. It was using a technology which had been
adapted from the military technology of rocketry of
the 1950s to get man to the moon quickly and it did
not think about some of the aspects of regularising
space flight in the future.

Q496 Mr Newmark:When you say space flight, you
mean suborbital or space flight in general?
MrWhitehorn: I mean both: suborbital and beyond
the earth’s orbit. One of the exciting things that has
happened is, since the Challenger accident and the
subsequent accidents to Shuttle where the public
began to believe that space flight of the type that we
are talking about today was science fiction, we have
rapidly moved in the last three and a half years back
to science fact again. TheXPrize was fundamentally
important to the future of space flight. It proved that
a man called Burt Rutan, funded by Paul Allen, for
US$30million could put two people into space in the
space of two weeks with a reusable vehicle which
came back with minimal environmental exposure of
the planet to the eVects of that space flight. It was a
very, very dramatic event.

Q497 Mr Newmark: So no airline passenger duty
from the Chancellor.
Mr Whitehorn: Exactly, that was one of the nice
things, and no bilateral problems with the US
government over rights to operate in the United
States because we only went to the same place as we
came back from. The reality of what happened with
that project has created Virgin Galactic. What we
are looking at at the moment is we are three quarters
of the way through the construction project to build
SpaceShip Two. This is a unique system. It is using
some of the most advanced materials technology in
the world, an all carbon composite aircraft which is
incredibly eYcient and going to be a showcase for

both Airbus and Boeing, since neither are capable of
building an all carbon composite glider at the
moment the size of what we are building. The
spacecraft itself is again all carbon composite, has a
new design and a very safe hybrid rocket motor
which is again unique technology that has been
developed for this project. It has something called a
feathering device which allows a care-free re-entry
back into the earth’s atmosphere which has never
been done before. You do not have to try and fly a
flight profile back in, you can bring your passengers
in safely floating down a shuttlecock and then you
turn it back into a glider to land. The unique thing
about this space launch system is it can not only get
six people into space for an environmental eVect less
than a single business class ticket to New York
compared with the Shuttle which takes that number
of people into space for the same environmental
output of the entire city of New York and its
industry for nearly a week. This is really a dramatic
breakthrough. The exciting thing about it is not just
space tourism, not the fact it is inspiring people, not
the fact that over 15,000 kids in the last five days
have been through the Science Museum and sat in
our mock-up of the interior and been inspired by it,
not the fact that 100,000 kids in Britain alone sent
emails to Virgin Galactic wanting information
about what we are doing, not the fact we believe we
can make a profitable business out of space tourists
to start with, not the fact that we are not being
funded by any government tomake this $200million
investment, but the really exciting thing is this
system is capable of doing science and payload in
space. It is capable cheaply of doing microgravity
experiments. It is capable of having a launcher
attached to it, apart from the SpaceShip Two
launcher we are designing at the moment, which
could launch space satellites into orbit.

Q498 Mr Newmark: Great sales pitch.
Mr Whitehorn: It is not a sales pitch; it happens to
be the reality of what we are doing.

Q499 Mr Newmark: There is a diVerence in the cost
between taking a suborbital trip, an orbital trip and
going out into space. Secondly, there is a certain
amount of training involved. I know that when
people go out in space they need to go through far
more rigorous training, which is expensive. I know a
guy who has done it and spent six months in Russia
as opposed to your two-day training course where
you go up on your ships and everything is fine. Is it
really going to be that simple? I want you to
diVerentiate between orbital, suborbital and going
out to space with what you are proposing, and also
the cost. Clearly the first guys up cost a lot of money
so there is a learning curve and a costs curve that
come down over time. If Adam and I decide to pay
you £100,000 or £170,000, or whatever it is going to
be, to take the first trips up next year, in 10 years
time, if we decide to send our teenage children up
there how is the cost going to come down with that?
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Mr Whitehorn: First of all, the cost for the early
flights is $200,000, around £100,000, and we have
200 people who have paid that deposit and signed
up, which is about so far 10% of the investment we
are making in building the system. It has been very
gratifying they have done that.

Q500 Adam Afriyie: How many British people have
signed up?
Mr Whitehorn: About 35 British people.

Q501 Adam Afriyie: Any Members of Parliament?
Mr Whitehorn: Not yet. Lembit is obviously very
keen to go and see if there are any asteroids out
there.

Q502 Chairman: There are very few Conservative
MPs who can aVord it!
MrWhitehorn: For anyone who is really unpopular
we can arrange one-way trips potentially! The reality
is that our business plan at the moment, provided
that the investment programme goes ahead as it is
going at the moment, and we are so far into the
programme we are very confident on the numbers,
we believe that within five years we can get the costs
down to between $75,000 and eventually, maybe
after nine years, $50,000, which is £25,000. That will
allow people to get up into space with three days’
training and see the planet Earth. They will not
stay there very long, they will only experience
weightlessness for a few minutes, but the most
important thing about the experience is they will
understand this planet a lot better for doing it. It
will, as a project, regularise and give the public an
understanding of the fact that space is not a
devolved place from us; it is only an extension of
where we are now. The reality of the atmosphere is
to some extent it goes out tens of thousands of miles,
and some could argue right out to the Lagrange
point to the Sun. We tend to the think of the planet
as being this bubble that we live in and space is
something that is uninhabitable and out there. Of
course what has happened with the culture of space
since the accident in 1985 is people have begun to
believe that actually robots can do everything in
space that needs to be done and man does not need
to go there. I fundamentally do not agree with that.
I do not draw a delineation between a suborbital
programme, an orbital programme and a leaving the
earth’s atmosphere programme. The exciting thing
about our technology is that it can be evolved very
quickly into a very, very low cost orbital system to
either launch payload and science into orbit, and
eventually take people into orbit, at costs well below
today. Themost important thing of all is by using an
air launch system, by carrying our spacecraft above
the atmosphere to 60,000 feet and launching it there,
we can avoid almost all the environment impact of
the current space launch systems which are based on
1950s technology. I do not see a delineation between
proving suborbital and moving forward.

Q503Mr Newmark: I would like to ask both of you,
is he in cloud cuckoo land or is he being realistic?
What are the risks you see associated with whatWill
is saying? What are the benefits? Can we really
develop a space tourism industry and how will it
benefit the UK?
MrGazzard: It would be inappropriate for me to say
that any branch of the Virgin empire is living in
cloud cuckoo land. Will has done a great sales pitch
and you sit here in admiration for that. The facts are
that what he has told us is what the environmental
impact of this project is not but he has not quite told
us what it is. It is not as big as a weeks’ output of
New York City, it is not self-evidently as big as a
Saturn 5 with a space exploration project on top of
it, and I accept that. We have had said in our short
submission that the impact of these launch systems,
as they are currently proposed, is prettyminimal and
it would be stupid to say otherwise. Self-evidently
they are only licensed, such as the licensing is, for use
in the States. We submitted some evidence about
the passenger legislation and Federal Aviation
and space transportation requirements, you have
covered that in your statement about a couple of
days training. These people are not astronauts; this
is not science. This is, asMrWhitehorn said, the play
thing of people like Paul Allen, the co-founder of
Microsoft. Interestingly one of the areas of the
media that gets most coverage for these projects is
Microsoft’s own news network. I know Paul Allen is
not involved any more but you can see these links.
They are not intergalactic, that is self-evident. We
did describe this, after some thought, as a play thing
of millionaires and that is probably our view.
Although if it does get down to the kind of level of
which even Liberal Democrat MPs can aVord it
obviously we would have to have a look at that.
What we are talking about here is a kind of Virgin
Galactic with a bit of technology attached to it. It is
not true to say that the technology, for instance, of
carbon fibre structures in aerospace is being led by
this project. I have not been to Seattle but I havemet
senior people from Boeing. I have been to Toulouse
on several occasions in the last year discussing all of
the ways in which air frames can be built more
eYciently, the thing we are concerned about,
the space exploration, a diVerent subject, and
the technology transfer back into commercial
aerospace. Even we are interested in more eYcient
aircraft. If you saw what they were doing with
structures you would understand that it is the
commercial aerospace and, in fact, the Formula One
industry that is having as much impact on the kind
of technology that VirginGalactic would be using as
what they are doing themselves. Having said that,
this is a small enterprise and it is quite interesting
technologically. There is no doubt that if it does get
oV the ground, aeronautical pun intended, it will
have some environmental impact but that will be
quite limited. What concerns us is the third party
and societal risk elements of this and that they are
promoted and not just the environmental impact
assessment which we said we want to see listed and
publicised so we do knowwhat it is rather than what
it is not. The thing that does concern us is the third
party risk on society or indeed the individual risks.



3657371005 Page Type [O] 12-07-07 01:55:42 Pag Table: COENEW PPSysB Unit: PAG1

Science and Technology Committee: Evidence Ev 81

21 February 2007 Will Whitehorn, Jeff Gazzard and Dr Patrick Collins

Q504 Chairman:We will return to that.
Mr Gazzard: I listened very carefully to Will
Whitehorn’s projections. This is a small potential
business even over 10 or fifteen years. At that level,
providing that the environmental impact assessment
of launch sites and material and the safety aspects
are thoroughly considered and publicised, then God
bless all who want to fly.

Q505MrNewmark: Basically what you are saying is
it is a rich man’s or rich lady’s game, something they
can talk about over a bottle of Petrus at a dinner
party.
Mr Gazzard: It is worse than that. It is a bit like
multimillionaires outbidding each other at a charity
dinner as to who is going to have the signed football.
DrCollins: Is space tourism science fact? It can easily
become fact. I disagree with the idea that it has to
remain expensive. There has been a lot of talk today
about how expensive it is to get to space.We are used
to this idea.Whatmost people do not seem to realise
is how very extraordinary it is that launch costs
today are exactly the same as they were 50 years ago.
I call space agencies anti-space travel agencies
because they spend colossal amounts of money, over
a trillion dollars so far, but never in a way to making
getting into space cheaper. The cheapest way to get
into space is the Soyuz, which was the first ever
rocket that ever launched a satellite. To give an
example about how easy it can be to make getting
into space cheaper, this is a picture of the SR53, a
British supersonic rocket plane which flew in Britain
50 years ago this May. There is a British company,
Bristol Spaceplanes, which has a design of a
passenger space plane, drawing very much on that
technology, which could make suborbital flights at a
cost of £3,000 a head. There is simply no diYculty at
all. The technology was already there 50 years ago,
and materials and so on have advanced a great deal
since then.

Q506 Chairman: Do you have any evidence to
support that claim? That is the most astounding
claim you have just made, that you could do it for
that sort of cost.
Dr Collins: This vehicle is in the RAF Museum and
it flew on 15 May 1957 and flew supersonic in 1958.
It was a military plane.

Q507 Dr Spink: Do you have a report or analysis
that enables you to arrive at the £3,000 per head?
There will be something I am sure.
Dr Collins: That is right.

Q508 Dr Spink: Could you send it to us?
Dr Collins: I will do that. This was intended as an
interceptor for Russian planes. In fact missiles were
much better so they did not develop a higher altitude
version, but suborbital space flight is that straight
forward so it could have been started as a passenger
business in the 1960s. There is no doubt about that.
Going from suborbital to orbital is a big step; it is
from 3 or 4 March up to 26 Mach so it is a big step
and requires a much bigger investment. Based on a
successful business like this, it would be quite a

logical and low risk investment. I am a great fan of
Virgin, they are doing terrific work, but if no
governments were to make any eVort and it was just
left to Virgin it is still going to take a long time to get
to orbit, but for a tiny investment and a modern
version of this for £50 million, a one-oV investment,
in three years you would have a prototype which
would be flying, within five years it could be certified
for carrying passengers, and within 10 years it would
be down to £3,000 a head. Suborbital flight is a very
straight forward low cost investment. One of my
frustrations, as someone who has been aware of this
for a long time, is the absolute refusal of the BNSC
to even comment on the subject. As I mentioned in
my submission, in 2000 the Trade and Industry
Committee referred to this. It pointed out that
satellite investment is not profitable in an ordinary
sense. It has all sorts of spin-oV eVects which are
excellent and they do not want to stop it but it is not
satisfactory as a commercial business and urged
them to do something about looking to space
tourism. What it means is low cost space travel
which is the secret to allowing everything to happen
in space but the BNSC and the then Minister for
Science, Lord Sainsbury, have simply refused to say
anything in eight years.

Q509 Adam Afriyie: Why do you think they have
refused to say anything?
Dr Collins: I think it is partly what I call space
agency disease, which is that space agencies are not
interested in space travel.

Q510 Chairman:We do not have a space agency?
Dr Collins: That is right but NASA and ESA and
other space agencies do not do anything to make
space travel cheaper; they never have and they are
not now. They are not planning anything like that in
the future which is why the SpaceShipOne flight was
so very important. By the way, even by BNSC’s
budget it would only be three or four weeks of its
budget to build SpaceShip One.

Q511 Chairman: To be fair, and for the record,
BNSC recently did sponsor a major conference on
space tourism in the UK. It is unfair to say they are
not doing anything and are not interested.
Dr Collins: I spoke at that conference and it is true
they lent us the DTI conference facility, which was
excellent.

Q512 Chairman: I was just making the point because
you said they are not doing anything and I wanted
to rectify that.
Dr Collins: In the eight years of the previous
Minister’s tenure they turned down applications to
work in this area every year except for one after
SpaceShip One had flown.
Chairman: I was just trying to correct the record.

Q513 Adam Afriyie: Will, Dr Collins, and possibly
JeV, is insurance a barrier to space tourism and can
you say just a very few words on how you see that
issue? Following on from that, can many of the
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experiments that are done in orbit outside the earth’s
atmosphere be done within orbit? We only have a
few moments.
Mr Whitehorn: Insurance is not a barrier; it is a big
opportunity for the UK. Already Lloyd’s market
insures almost all the world’s satellites and almost all
the world’s space equipment. Space tourism is a big
opportunity. There are going to be issues with early
insurance for the first 100 or 200 fights.We are going
to have to sign a waiver under the US government
regulations. The US has legislation in place, to
answer JeV Gazzard’s point, which will mean we
have to publish the environmental appraisal of the
vehicle. We have to give a full acknowledgement of
all third party risk. Can I say fundamentally that JeV
Gazzard, much as I respect him, is utterly wrong in
what he said about space tourism and this system.
NASA last night at midnight signed a co-operation
agreement with Virgin Galactic to develop this
technology for science and payload in space because
NASA, who have signed an agreement with us,
believe fundamentally. They are now lending us
people to work on the project with us, including
some of their most respected scientists, and under
the agreement they are also going to buy seats on
Virgin Galactic for early parts of astronaut training.
They believe in the science and technology of it and
who I am to question that.When it comes to the very
long-term question about suborbit versus orbital,
which I did not get around to answering properly,
this system which makes it diVerent from the Bristol
Spaceplane, is we are talking about an air launch
system here with a unique aircraft that can then
launch orbital payload into space. JeV Gazzard is
also wrong in saying that the technology we are
using in composites is not that advanced. In fact,
BurtRutan of ScaledComposites is theworld’smost
advanced composite manufacturer and he has
taught everybody what they know about the subject.
He designs parts for some of the most advanced
aircraft in the world. His company is partnered by
NorthropGrumman, who are the company building
this for us, and it is at the cutting edge of technology
at the moment.
Dr Collins: Can I say something about the
insurance? Space travel is a very straight forward
extension of air travel. It is much better to see it in
that sense rather than as something from space
agencies. We see this clearly in the States where
NASA has nothing to do with the space travel
industry that is developing now, it is the FAA who
is leading that. The FAA is extremely keen that it
should grow because for the FAA it is a whole new
field. That is a structural thing that would be very
good to look at in Britain. The CAAmight be given
a budget to get this to happen because the space
community, the gentlemen this morning, are
excellent space scientists but they are a quite
diVerent world from air travel. We have this word
aerospace but they are two quite separate fields, aero
and space. BNSC in their submission do not even use
the word, ie space tourism, they do not discuss this
subject at all, yet it is now recognised this is probably
the most promising new field in space. Getting the
aviation industry to look at this as a growth of

aviation and overlappingwith spacemay be away to
get around this blockage of lack of funding by space
agencies.
Mr Gazzard: I do not even have a dramatic five to
midnight last night story but what I would say, very
briefly, apart from being slightly flippant, I feel like
I am in the pages of The Eagle here. The point about
insurance is you can insure almost anything if you
are prepared to pay a high enough premium. The
premium for a space flight as a commercial space
agency is between 20 and 25% of the launch and
payload costs which is significant money. The
second point about composites, I know the
background of the people who are involved in this
project and they are cutting edge world leaders but
that is not the same as saying this project is a cutting
edge world leader in terms of autoclaves and carbon
fibre weave and weft and all the rest of it. If you talk
to the manufacturing people at Airbus and Boeing,
they are as advanced as anybody on these issues.
Mr Whitehorn: That is not true.

Q514 Chairman: You can fight outside. I Chair this
committee, I am not a referee. I do not want to go
there and I think you have made the points about
that. Just before we finish this session,Will, you said
that the commercial launch system could alleviate
pressure on government regarding human space
flight and there would be avenues of involvement.
Very, very briefly those avenues of involvement, this
thing that you talked about last night in terms of
scientific pay-oV, what were they?
Mr Whitehorn: And commercial pay-oV. We are
talking to people like Surrey Satellites at the
moment, QinetiQ and Astrium and they are
fascinated by this system. They realise this system is
cutting edge and what it can be applied to now in
terms of lowering the cost of getting payload into
lower earth orbit is quite dramatic. I would say we
are five or six years away from that. We have to
prove this systems works over the next 18 months.
We have to get our licence from the FAA to start
flying. We have to fly people in space first because
they are the first availablemarket. This so-called rich
person’s toy, most of the people who going up on
this system in the early part of its use are scientists
who can luckily for them aVord to go up on it
because they are fascinated by the system and
understand its ramifications. One of our launch
customers is Professor Stephen Hawking and I do
not regard him as just a rich kid with a play thing.

Q515 Chairman: No, and we will leave Stephen
Hawking to another day. In terms of this
involvement, you would see your system delivering
payloads, in other words, you would use it as a
launcher system.
MrWhitehorn:Yes. That is what we wish to develop
it into because that is where the real market long
term will lie for it.

Q516 Mr Newmark: Richard Branson is one of the
great entrepreneurs of my generation and I think it
is great he is doing this and, as a venture capitalist,
which both of us are, it is great that you are not
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relying on government at all to do this. I was being
a bit facetious before. Do you see any role for
government to help support what you are doing or
should it just be purely a private enterprise?
Mr Whitehorn: I see a great role for government in
the UK in space but we will leave that aside for the
moment. The role for government in our project
is quite simple. We need to have a legislative
background in the UK which would allow this type
of commercial flight to take place here or we will lose
a massive opportunity. Already the US government
has passed a new Act to allow us to fly, the
Commercialization of Space Amendment Act 2004.
It has set up a branch of the FAA to license this
system because they realise this is not like an aircraft
but it is like a aircraft. It is crossing that barrier we
were talking about with aerospace. The Swedish
government has signed an MOU with us to develop
a methodology to allow us to fly from Sweden from
the Kiruna space base up in the north of Sweden. In
the UK I have been to see the RAF. Lossiemouth is
an ideal location to operate early flights from the
UK or St Mawgan down in Cornwall. We are going
to approach the MoD as soon as we are at the next
stage with the FAA, who will give them the full
breakdown on what we are allowed to do under
IATA rules.Wewould like to operate here but at the
moment there is no body and no locus to allow us to
do it.

Q517MrNewmark: It is not a cash issue for you but
government facilitating your ability to get on and
develop your business as you would like.
MrWhitehorn: I believe the government needs to set
up, and this group should look at this, how do you
enable commercial space flight to happen from
the UK with systems for which there is no
understanding at the moment, which are neither
ground-based rocketry nor traditionally aircraft
going into space. It would be a really important
thing for the Committee to look at.
Chairman: We take seriously the point you have
made.

Q518 Chris Mole: Do any of you believe there is a
role for the UK government in providing financial
incentives for the development of the space tourism
industry and what incentives should they be?
Dr Collins: Yes, very much indeed. If the DTI is
sincere in saying they wish to encourage the
maximum commercial development of space, which
is what it is, they should invest in this because it is a
much, much bigger matter than just Virgin Galactic.
The fact that a British company wants to buy some
Boeing vehicles does not mean that Europe should
not set up Airbus. The idea that if they are allowed
to bring the American vehicle over to Europe and fly
it then that is enough and Britain should not do
anything is crazy. In the DTI’s report they just refer
to this in a few lines where they say they are going
to lead by regulating. This is simply nonsense. This
refusal to speak about it, which all space agencies
and near space agencies have, they should be obliged
to make a cost benefit analysis or a feasibility study.
People have been requesting funds for a feasibility

study for 15 years and they turn them down every
year. Now SpaceShip One has flown and proved
the case that for a tiny investment you can make
a passenger vehicle. The British aerospace
manufacturing industry is in urgent need of new
projects. It does the Airbus wings and it does
military stuV but nothing much else. Talking to the
guys they are saying “What is next?” This is an
absolutely ideal area, one where Britain specifically
has already a great deal of expertise. I am not saying
we do not need new legislation, we do, but it is not
so very strange because this vehicle was flying 50
years ago. Rocket planes are nothing new at all and
the CAA has handled it before.
Mr Whitehorn: I beg to diVer. The CCA has not
handled that; that was a military plane. It did not
have any CAA involvement at all and that is one of
the issues we need to address.

Q519 Chris Mole: What challenges would Virgin
Galactic face if it wanted to build a space port in
the UK?
Mr Whitehorn: Very few challenges in the logistical
sense. The biggest challenge here is the weather in
the UK for taking oV an air launch system. We
believe we could operate in summer out of
Lossiemouth because it already has all the right
elements. We do not need a space port that has
ground-based rocketry, we need a very long runway
and Lossiemouth has that. It also has cleared
military airspace in the Moray Firth so our re-entry
would not interfere with any commercial aircraft.
All the elements are already there. At very low cost
we could develop a space tourism business here for
summer operation. I think that would be a great
thing for the UK to participate in. Already you have
countries like Sweden which moved very quickly on
this. Dubai is trying to get into this act very quickly.
I think the UK needs to and we need to look at some
enabling legislation through Parliament to make
sure that we can do what we do, otherwise we will
have to do it under a military licence through the
MoD in some way and that would be a shame for a
project like this. Enabling legislation is the main
thing needed because the space port facilities for the
type of system we have exist at a number of RAF
bases in places where they already have cleared
airspace at the extremes of the UK, in the far west of
Cornwall and up in the far north of Scotland.
Mr Gazzard: Could I make a quick point about
government policy and intervention. Dr Collins has
mentioned that the British National Space Council
is now in the middle of a consultation document, I
think it is about forty pages, and does not have any
mention of space tourism anywhere in it. Despite the
fact they have had a day’s conference on it, there is
their consultation document that is a pretty well
written document with a middle, beginning and an
end. It speaks in virtuous terms about the scientific
possibilities of space exploration, as indeed we do in
the early part of our evidence, but there is not a
single mention of space tourism. Just in passing, the
word “environment” is mentioned 25 times in the
document but never in terms of any policy or impact
at all.
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Q520 Dr Turner: Coming to the environmental
impact, and especially Will Whitehorn, given the
way inwhich you have been singing the praises of the
lack of environmental impact of your technology, I
would like you all to give an environmental impact
assessment of space tourism and put it into the
context in comparison with the current environment
impact of commercial aviation.
MrWhitehorn: I can do that very simply. If we look
at a 10 year programme of Virgin Galactic flying
people with 50,000 flights, for example, I would
assess that our environmental impact would be less
than two Shuttle launches. That puts it into some
context for you. The environmental impact of the
system has also to be looked at in the context of its
ability to launch payloadwith far less environmental
impact than ground-based rocketry. Ground-based
rocketry will always be necessary but solid fuel
rockets launched from the ground have a massive
environmental impact which people have been
prepared to pay the cost of over the last 40 or 50
years but I do not believe that society will in 20 or 30
years’ time.Developing these new types of air launch
systems with new technology material aircraft and
new technology engines with new technology fuels is
going to be very important. One of the things we are
looking at for the SpaceShip Two project in its later
phases is going to be the introduction of a new fuel
which cannot be used in commercial aviation yet.
Butenol is the name of the fuel. It is a diVerent
alcohol to ethanol but one that freezes at a much
lower temperature, has a much more similar
characteristic to Jet-A1 aviation spirit and can be
produced from biomass. If we could develop that
new fuel we could even lower the environmental
impact of this system even more, and because of its
special licensing procedures for the FAA this might
be the place to experiment with this fuel outside of
commercial civil aviation in a way which could not
be done in a normal CAA or FAA programme
because the engines we currently use have to be
certified with the current fuels because of the safety
regimes for passengers. As to the environment
impact, I cannot tell you precisely what it is yet
because we are going through the licensing
manufacturing process to lead to the test flights next
year. All I can tell you is that it is eight people to
space for less CO2 output than a business class ticket
from London to New York to put it in those round
terms. From the point of view of the re-entry, the
really fascinating thing about the re-entry with the
SpaceShip Two system is it has zero environmental
impact because you are on a glide. You come in on
this re-entry, this shuttlecock, and then it forms into
a glider and glides back down to the runway so there
is no environmental impact at all on the way back
into the earth.
Mr Gazzard: When we were discussing in more
general terms, first of all I accept that obviously a
two-engine plane, with payload slung beneath it, air
launching this rocket-powered capsule with fuel at
the moment, which is a mixture of the nitrous oxide
and a butadiene component and solid fuel—tyres—
is going to burn for 76 seconds. Let us not be
churlish, that is a fairly minimal environmental

impact even in space. If the launch site is confined,
which it probably will be, to sunnier areas of the
world for obvious reasons, they will also be confined
for regulatory reasons in the States as well. I accept
what Whitehorn has implied about bureaucracy
attached to EU and UK agencies which alone
will probably kill any European launch, but
fundamentally from the safety view point you have
to have clean, clear and protected air space and that
to me signifies these will always be launched from
Mojave or New Mexico. That is fine. This whole
question of whether this is a viable project, it is
tourism and tourism does have impacts. These may
well be minimal once we have seen the statement but
equally people have to get there. They have to take
a transatlantic flight so, whilst the space flight might
be somewhat less than a transatlantic flight, unless
they can walk on water, and I know there are some
pretty powerful entrepreneurs who have booked for
this, there will still be a transatlantic flight involved
in this self-evidently. Let us not go for that kind of
comparison because that does not quite work. This
business of it is always jam tomorrow, my
understanding of space launches is that you need to
put payload into the atmosphere; you need to get it
into orbit. You use these current propulsion systems
and you get a guaranteed result apart from the risk
of it exploding and not going into orbit.What we are
talking about here is you are not going to launch
a satellite from below your aircraft launcher.
Presumably this is going to be a payload sectionwith
an opening bit in the two and a half minutes that you
are in space orbit. That is going to be some sight to
fly up, open the doors, launch the satellite, hope it
spins, shut the doors, cross your fingers and hope
you are back with your shuttlecock feathering to
land somewhere along the line.
Mr Whitehorn: No, a diVerent launch vehicle
altogether. I said a payload launch system to launch
a diVerent type of payload.
Mr Gazzard: To summarise, fairly minimal
controllable environmental impacts if they are
limited to one or two sites. Safety aspects we can
come on to. I still feel, andwe did discuss this around
the oYce and chuckled about it but we did take it
seriously, we did actually really think that this is
extreme ironing in space. I cannot see any benefits to
this. If there are payload benefits as the system
develops, fine and dandy, but these are at least 10
years awaymaybemore. At themoment it is just like
sitting here going to the opening of a car door and
celebrating that as far as I can see. I am sorry if that
is a bit rude. I can see no benefit for anybody, apart
from Virgin’s branding, in this project, and the fact
that because they can they will.
Chairman: You would have been unhappy with
Columbus.

Q521 Dr Turner: You obviously feel that space
tourism per se is a bit of a frivolity.
Mr Gazzard: Yes.

Q522 Dr Turner: If the technology could be used to
project payloads into space, is there a prospect that
you could use this technology platform to replace
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rocket launch delivery of payloads which we
have already all agreed have a very significant
environmental impact? Is there a prospect of
replacing the rocket launcher with this system and
thereby avoiding some of the climate damage which
currently results from use of the present technology?
Mr Whitehorn: Absolutely. I think I would want to
re-emphasise the fact that we would not be investing
$200 million in this project if it was just about taking
a few people into space to have a look at the sites
because it would not justify the investment in the
long term. I would like to state that this system can
not only be used exactly as you just described, to
avoid ground based rocketry for certain types of
payload and science launch in the future, but beyond
that this can also be the beginnings of a system
whereby when we do need to move people right
around the planet we can consider doing it outside
the atmosphere instead of inside the atmosphere.We
have the SpaceShip Three concept already in our
minds, and a SpaceShip Four beyond it, but we have

to walk before we run. I do feel reminded of a debate
that happened in this chamber in the 1830s about
train travel. I remember the very words being used
about a frivolity for the rich and “by the way it is
going to be dangerous and they might even not be
able to get oxygen properly and what is the point
when we have canals and horses”. I am sorry but I
simply cannot agree with almost a word that JeV
has said.
Mr Gazzard: I can take you to Manchester, near
where I live in South Manchester, and show you a
plaque where the MP was killed by the train.
Mr Whitehorn: William Hoskinson was his name
and he was a very brave man and right to stand up
for train travel.
Chairman: You have lived up to expectations. This
has been a session of tremendous interest and Will
Whitehorn, Dr Patrick Collins and JeV Gazzard we
thank you enormously for your contributions this
morning.We do regard this as an important element
within the whole report and it is important we report
on that.
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Q523 Chairman: Could I welcome particularly to
this oral evidence session of the science and
technology committee’s investigation into space
policy the director general of the European Space
Agency, Jean-Jacques Dordain, and can I welcome
too David Southwood, the director of science at
ESA. Director General, currently there are 17
Member States that are involved in the ESA club.
What happens when every one of the states in the
enlarged Europe wants to be a member?
Mr Dordain: I am convinced that in five years from
now there will be between 22 and 25Member States.
We already have two countries oYcially requesting
to become a member of ESA, Hungary and the
Czech Republic and there are more to come. I am
taking the enlargement of ESA as a fact. I am taking
that as recognition of the importance of space for
European countries and as a threat to ESA in its
operation. We have proposed to the current
Member States a change to some of the operations
of ESA, starting with the decision making process. I
think there were 11 Member States when the
Convention of ESA was created. We went from 11
to 17 without changing anything in the operation
of ESA.

Q524 Chairman: What do you expect to change?
What is your vision for that?
Mr Dordain: There are two major points. Certainly
the most important one is the decision making
process because at ESA. We have several areas
where decisions must be made by unanimity.
Unanimity at 17 is more diYcult than unanimity at
11 and I am sure that unanimity at 22 will be even
more diYcult. What I wish is not to decrease the
eYciency of ESA because it is a very important
European organisation making products. What I
wish is to decrease the number of decisions by
unanimity. Secondly, there is no weighting factor in
the decision making process at ESA meaning that
it is one country, one vote. When you take today
the situation of ESA in terms of budget, three
contributing states already represent today two-
thirds of the budget. 14 Member States represent
only one third. When we are 22, with all respect to
the new members to come, I am sure they will not
bring a lot of budget, meaning that when we are 22
three or four Member States will still represent two-
thirds of the budget and almost 20 will represent
only one-third. What I wish is to keep the big
contributors because what I would like to avoid is
becoming the agency of the small contributors, with
the French, the Germans and the Italians, who are

the biggest contributors to space in Europe, playing
in their field and leaving the small contributors in
ESA.

Q525 Chairman:Does that mean you will be looking
for majority votes on the programmes?
Mr Dordain:What I would like to do is to introduce
some weighting factors for decisions concerning
budgets and procurement. Today the budgets are
voted by a two-thirds majority, meaning that two-
thirds of the small contributors can overrule the
biggest contributors which, in my view, is not the
best way to keep the motivation of the big
contributors. What I would like is to introduce what
we call a double, two-thirds majority for the budget
which is two-thirds of the Member States but also
two-thirds of the budget. I consider that we are just
starting to work on what could be a much better
decision making process but clearly we have to
change.

Q526 Dr Iddon: You mentioned one of the new
countries, the Czech Republic. Do you see any of
these new countries building up a suYcient budget
input to become major players in the future?
Mr Dordain: We have the experience of new
Member States at ESA. We have just welcomed
Greece and Luxembourg two years ago. There is
always a period during which these new countries
are contributing only to the mandatory
programmes. For contributing to the mandatory
programmes the rule is very clear. They contribute
according to their GNP so they have no choice but
to give their GNP proportion to the mandatory
programmes. It is only step by step that they
could be interested in contributing to optional
programmes because obviously to be happy being a
Member State of ESA you must have the scientific
communities and have the industrial capabilities
that make you a happyMember State. My goal is to
make all Member States happy.

Q527 Chairman: Would this not lead possibly to a
country with a very small GDP, by becoming a
member, paying very little in terms of its mandatory
contribution but, in terms of the optional
programmes, making a significant contribution into
an optional programme and therefore buying under
juste retour a very large element? Is that possible?
Mr Dordain: It is possible but it does not happen
because if you wish to have an industrial return by
contributing to optional programmes you must
already have a lot of industrial capabilities. All these
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new Member States when they arrive as ESA
members do not have the industrial capabilities to
justify a contribution to optional programmes. This
is the reason why they start by contributing to the
mandatory programmes and then, step by step, they
move to optional programmes. Maybe the only
exception is Luxembourg because it has a very small
GDP because the population is small—not because
they are poor but because they are few. They have
very big industrial companies with SES Global, the
telecom operator. Luxembourg is contributing to
the optional programmes in telecommunications
because of the presence of SES Global.

Q528Chairman: In terms of the role that theUKwill
play in these discussions to frame the new
organisational framework, how significant will the
UK’s part be in framing the new regulations?
Mr Dordain: I am expecting a lot from the UK.
When Imet the previousminister, Lord Sainsbury—
and I have a plan to meet the new minister—Lord
Sainsbury was even going to a point where he was
tellingme that changing the decisionmaking process
should be a condition for enlargement, meaning no
enlargement before changing the decision making
process.

Q529 Chairman: Do you support that view?
Mr Dordain: I think it will be diYcult to put that on
a purely political standpoint because it is always
going to be diYcult to say that we have accepted up
to the 17th Member State and from the 18th this is
forbidden. I am not a politician but, in my view, it
would be very diYcult to sustain that in purely
political terms. I prefer to say, “Okay, let’s change.
Instead of making conditions, let us put all new
thoughts into change”. I am spending a lot of my
energy on that. What I wish is the full support of the
UK in helping me to change the decision making
process. Unfortunately, the change of the decision
making process will be decided by unanimity. We
can make it as early as next year. I wish to do that
next year before new Member States arrive.

Q530 Chairman: Could I ask you whether you feel
that the UK is an enthusiastic member of ESA?
Nobody else is listening, so you can be blunt.
Mr Dordain: I am always open.

Q531 Chairman: You are not a politician.
Mr Dordain: No, but I like ESA and I think ESA is
very important for Europe and all the Member
States. The UK is a very enthusiastic supporter of
our activities on some selected topics, not on all
space activities. You know that. The UK has always
been a strong supporter of science except in the mid-
1990s when the UK was driving the decrease of the
science programme. In 2005 it was the UK pushing
for at least stopping the decrease of the science
programme. The UK is a very important actor in
science and, because of your GDP, you are
contributor number two to the science programme.
There isUK support in the telecommunications area
and in the earth science field. I would likemuchmore
UKsupport in the applications of earth observation,

for global monitoring and environmental security.
Environmental security is a very important topic.
The UK is not at its place there when I compare the
capabilities of the UK. On average, the UK is an
anomaly in ESA because the UK is number two in
terms of the GDP and is only number five or even
maybe number six in terms of contributions to ESA
activities. When I compare the diVerent countries,
the UK is not on average at this position, at least in
terms of budget. That is a question of choice for the
British government.

Q532 Adam Afriyie: I would like to examine the role
of the UK’s position within the ESA a little further.
You said that the United Kingdom was enthusiastic
on selected topics. In the break-out sessions and
during the meetings that you have, what would you
say is theUK’s reputation?When othermembers are
talking about the UK and you look at the UK, what
is our reputation?
MrDordain: The UK is a friend of ESA. There is no
feeling whatsoever among the other Member States
to take the UK as reluctant. That is number one.
Number two, the UK has a very specific position.
Sometimes the UK is reluctant in the way they look
at space. For example, the UK is not present in
launchers or in manned space flights, which makes
the UK a very specific Member State with 14
Member States contributing to launchers and 12 or
13 Member States contributing to manned space
flights. On some topics theUK is all right. TheUK is
bringing leadership in terms of value for money and
economic return. ESA could not exist without the
UK because of what I said and also because of what
British industry is bringing to ESA. Without British
industry, wewould not haveGiove A in orbit andwe
would not have kept the frequency allocation that
we need forGalileo.What I wish is to havemoreUK
in ESA.

Q533 Adam Afriyie: To what extent does the UK
play a leadership role? Obviously there are certain
selected projects in which we are involved but in a
more general sense to what extent does the UK take
a leadership role in ESA?
Mr Dordain: The UK is one of the two leaders in
space science which is the science of the universe and
one of the leaders in earth science because science is
not only the science of the universe; it is also science
of the earth. There is a connection between space
science and earth science.

Q534 Adam Afriyie: I wonder whether David could
give a couple of examples of where we are taking a
leadership role in the science itself?
Professor Southwood: In my programme, the UK
leadership role is just about everything. The
programmes tend to reflect the UK interest partly
because the UK has such a strong space science
community. If youwantme to prioritise, I would say
the UK in space astronomy has always been
extremely strong. The big change is in the last five or
six years in planetary exploration where, for a very
long time—although I am not a planetary scientist
myself—it was the exception rather than the rule.
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The way that the UK has picked up on the
exploration initiative, on pushing forward its views
as to what exploration should be, is a very definite
leadership role but it is relatively new in the last five
or six years.
Mr Dordain: David has spoken of space science but
I would like to come back to earth science because
there the UK has taken a leading role. Three weeks
ago we celebrated five years of operation of Envisat,
which is the biggest satellite ever built in the world
for the environment. One of the major instruments
of Envisat is the advanced radar which ismade in the
UK. There is a leading role for the UK in earth
science.We all knowmuchmore about the earth, the
environment and so on. This is the reason why I am
disappointed today by the role of the UK in terms of
applications of that science. The services and
applications of GMES are all coming from scientific
progress. It is always disappointing to have one
country leading the scientific part and not being
present in the applications part, because this would
be much more consistent.

Q535 Adam Afriyie: You have already said that the
UK is unusual. I guess you are referring to the fact
that we have a voluntary partnership of 11
government departments and research councils. Is
that a unique position among the 17 members of
ESA?
Mr Dordain: You are speaking of how BNSC is
working in the UK?

Q536 Adam Afriyie: Yes.
Mr Dordain: BNSC is the image of your political
position. It is not the agency which drives the policy;
it is the policy which drives the agency or whatever
organisation. I have never in my life seen an agency
replacing a lack of political willingness. Any country
is building the agency that they need consistently
with their policy. You cannot compare, for example,
with the fact that there is an agency in France
because the French policy is very diVerent from the
British policy. The agency is more a result of the
political willingness than the other way round.
BNSC today is consistent with the policy that the
British government has. This is more user driven, so
you have to collect the user requirements and so on.
In my view, it works.

Q537 Adam Afriyie: Can you see any way in which
the BNSC could be improved? You seem to be
saying we are doing well. Is there some way that the
BNSC could be improved to make matters better?
Mr Dordain: I think BNSC works well according to
the policy of the British government. One of the
major problems that I have not only in the UK but
in most of my Member States and even more at
European level, is that we are always starting with
the how rather than the what. BNSC is more the
result of policy than the other way round. You
should first define what you want to do and then
shape the agency that you need according to what
you want to do. BNSC works well in accordance
with what you want to do.

Q538 Adam Afriyie: Does BNSC’s user driven
approach where the 11 departments and various
bodies say, “This is our priority” conflict or create
tensions within ESA in terms of the way that the UK
is approaching the work that is done?
Mr Dordain: I do not think so because the
programmes where the UK is contributing at ESA
are user driven. You are contributing to science and
science is a typical user driven programme. It is not
the director general or the director of science who
decides which mission we should do. It is the
scientists. This is true for space science and earth
science. GMES, also, is a typical user driven
programme. Galileo is a user driven programme.
Even telecommunications is a user driven
programme, even if the user is industry. Your
approach is consistent with the approach of the
other agencies, on those user-driven programmes.
The diVerence is that some programmes are not user
driven: launchers, access to space, manned space
flight, meaning that, for example, the French agency
are dealing with user driven programmes and non-
user driven programmes. BNSC for the time being
does not need that because you are not involved in
these programmes.

Q539 Adam Afriyie: We should be going round
enthusiastically evangelising about the BNSC to
other ESA members, I assume. You also said that
the UK’s level of investment in ESA is an anomaly.
Why did you use that word?
MrDordain:Compared toGNP.As usual, we are all
comparing the investment in space according to
GNP.We always say Europe is investing seven times
less than the United States while the GNP of Europe
is larger than the GNP of the United States. This is a
political willingness because the budget is only
a result of political willingness. Within Europe,
France and Belgium are investing two times their
GNP, if I am normalising everything to the GNP.
Germany and Italy are investing their GNP and the
UK half of their GNP on average. It does not mean
half yourGNP everywhere. This is the reasonwhy—
I am sorry—I have called that an anomaly.

Q540 Adam Afriyie: Does that aVect our
relationship with ESA? When we walk into a room
at ESA, do people say, “They are only paying half
their share”? Is that relevant or does it enhance our
standing? Do other members want to listen more
carefully to what we might be investing in?
Mr Dordain: It does not hurt a lot because the most
interesting part of ESA is the flexibility. There is not
one programme; there are 57 diVerent projects, all
on an optional basis meaning that where you are not
contributing you have no voice and you have to be
silent. Where you are contributing you have a voice.
That flexibility is a fantastic asset for ESA because
we do not need the support of all Member States to
do something.

Q541AdamAfriyie:Why should theUK continue to
invest in ESA? Why do we not just have our own
unilateral or bilateral programmes? You now have
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an opportunity to sell ESA. Why should we not go
it alone? Why should we not join with other states
rather than remaining a member of ESA?
Mr Dordain: Other states of Europe?

Q542 Chairman:Why not the United States or India
or China or Russia or Brazil?
Mr Dordain: You can certainly do that. Nothing
prevents you.

Q543 Chairman:What do we gain?
Mr Dordain: What you gain is that you are a
member of a very flexible network. You could
certainly make the best compromise between the
common interest of the club and your national
interest. The flexibility of ESA is a fantastic asset
because in this type of organisation we can make the
best compromise between the common and the
national interest. Since we are using nationalmoney,
we have to keep the national interest. You can also
get the common interest.
Professor Southwood: I am not disagreeing with
what my director general said but there is a little bit
of patriotism inside me which says that you should
be very careful about regarding space as just
something you take oV the shelf. It is a strategic
issue. The UK’s economic future is aligned with
Europe. That is the change of the last 50 years.
Surely we could go with the United States but we
would be the junior partner. In Europe it is clear you
are not a junior partner. You are one of the more
senior partners. You should not regard space as just
a commodity that you buy. It is something with
potentially strategic importance, particularly in the
environment, in navigation and the applications that
feed through from the kinds of things we do in the
agency. If you will forgive me switching for a minute
from being European to being British, there is a very
strong reason that you should put a lot of value on
the European connection. It is a strategic interest for
the country and I do not think we are going to align
clearly with China or India in terms of our global
interests. It is not that we are going to go to war with
them or anything but our interests do not align.
Chairman: It is important for us to pose that
question.

Q544 Dr Spink: I want to examine briefly the Global
Monitoring for Environment and Security, GMES.
You said earlier that you expected a bit more from
the UK for that programme. We currently give
£2.73 million over three years direct to ESA through
the various bodies. We also give through the EC at
GDP level a rather larger sum. How much more do
you want? How much more do you think would be
appropriate?
Mr Dordain: It is not for me to decide which type of
percentage the UK should put in. You are in the
leading role in earth science. You have taken the
knowledge about the earth and the atmosphere as a
very serious problem and it is. You have been
consistent by putting a significant share into earth
science, just as do France, Germany and Italy.When
it comes to the application part, which is taking the
benefit of scientific progress to deliver services for

environmental security, you are not there at the level
of Germany, Italy and France. This is the problem.
It is just a matter of consistency between the
importance that you are allocating to improving the
knowledge of the earth and the atmosphere and
much less interest so far in the application side of the
services delivered to citizens. GMES is not a space
programme. It is a programme for delivering
services. Space is just one of the complementary
sources which provides data to these services.

Q545 Dr Spink:One of the very positive elements of
Tony Blair’s legacy will be his leadership in climate
change and earth sciences through Gleneagles and
the other initiatives that he has led. Why do you
think he has not followed it through into the
application side? Do you think it is just a lack of
understanding or do you think it is because Defra
are the lead organisation and Defra just do not have
the understanding, competence, confidence and
expertise to push forward in this area? This is clearly
a trick we are missing.
Professor Southwood: Local knowledge helps. It is
hard to avoid the feeling that there is a lack of
confidence in Defra in understanding that, if we are
going to manage the planet better, we collectively in
Europe—and we have our part to play—in this
century, have to have global information and that
has to come from space. We do it already with
EUMETSAT. We develop all the technology for
EUMETSAT and nobody thinks twice about using
information from space in weather forecasting. It
has improved our weather forecasting enormously.
We knew it was going to snow this weekend, for
example. That came from looking in the Atlantic
and seeing what was coming our way. We can do
much better than this in many other ways, using
space information, using the science we have already
done. In a sense, when I look at the approaches of
organisations like Defra, there is a tendency to
somehow assume that the information will be there
but there should be an active role in making sure the
information is there and making sure that it is
information that we have an independent level of
control in. That is what concerns me. I think there is
a failure there.

Q546 Dr Spink:When do you think an opportunity
will arise for the UK government and Defra to
readdress its investment in GMES?
Mr Dordain: Any time. When a participating state
wants to change its contribution and increase it—it
is forbidden to decrease it—it can do that any time
providing the other participating states agree. There
are in my view two opportunities coming. One is in
the summer of this year when the participating states
have to confirm or change their contribution to the
first part of the ESAGMESprogramme. The second
opportunity will be at the end of next year when we
shall have a council at ministerial level which will
look at segment two of GMES. Today we are just
developing the first hardware and then we shall have
to produce the hardware to sustain the services. The
decisionwill be taken next year. This is what we have
in our calendar. To complete what David said, the
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key point is that with GMES we are not starting
from scratch. We have the scientific satellites which
are already delivering data. We have demonstrated
that these scientific data are very important for a lot
of diVerent agencies. Three weeks ago I signed an
agreement with the European Maritime Safety
Agency and we are using our Envisat already, which
is a scientific satellite, for delivering relevant data.
The question with GMES is to make these services
not scientific any more but operational and
sustainable services, because you cannot attract an
agency like the European Maritime Safety Agency
and say, “We will deliver the data for one or two
years and after that you will not get the data any
more”. This would not be helpful for this type of
agency. The relevant data must come from satellites,
from space. There is no other source of data.

Q547Dr Spink:TheUK, with only a 5% share of the
programme, has been mean minded with its
contribution through ESA; whereas through the EC
at GDP level contribution it has been more
generous. Do you think there is a problemwith these
two levels of subscription, bearing inmind especially
that the EC subscription route does not give us any
access to contracts for industrial provision?
Mr Dordain: You are pessimistic about the
competitiveness of your industry. They can get
contracts on competition. It is true that there is not
the principle of return associated to EC money. I
would like to spend two minutes on the relationship
between ESA and the EU. I would not like to give
the impression that the relationship between ESA
and the European Union is just to get money. This
would be a mistake. First of all, the money available
in the European Commission today for space is very
limited. The budget of ESA is three billion euros per
year. The maximum budget that the Commission
can put in space is 250 million per year. The
interesting part, working with the European
Community, is not the money. The money is always
welcome but it is not the most important part. The
relationship between ESA and the EU is the
relationship between the space sector and the users
of European policies. This is exactly Galileo. The
Galileo satellites are responding to a transport
programme. Galileo is not a space programme.
Galileo is a transport policy where satellites are
useful. GMES is not a space programme. It is
services for environmental security to be delivered to
citizens where space has a role to play. The
relationship between ESA and the EU is to make a
connection between the space sector and the
European policies, not space policies. The least I am
expecting from the EU is the space policy and I am
expecting much more on their ability/capacity to
define transport policy, environmental policy,
security policy, regional policy, all policies where
space can play a role. This, for me, is the most
important part of the relationship between ESA and
the EU. After that, if they put some money in, they
are more than welcome but we shall not change
drastically the budget of space in Europe from the
money of the European Commission. The Member
States who are expecting that the Commission can

bring the budget solution unfortunately provide no
solution. The money will still come largely from
Member States rather than from the European
Commission. The European Commission will not
replace the lack of support of one or two Member
States.

Q548 Chairman: David, you talked critically about
Defra and its involvement with GMES. You were
not overly critical but you recognised the
shortcomings. What could Defra do to up their
performance in terms of being much more
proactive?
Professor Southwood: I said a confidence deficit
which is two sided. It is not just Defra. As I
understand it—I have looked, for instance, at a lot
of the evidence that you have been given and so on—
it is also a failure on our part and also particularly on
the Commission’s part to persuade Defra that really
what we are talking about is what they want. It will
provide the means. I see a confidence deficit on the
part of Defra, but you have to recognise that if
somebody does not have any confidence in you there
is a deficit on the other side. I am grateful that you
pulled that point out because I amnot totally against
Defra. There has been a failure of communication or
a failure to understand what we believe is the long
term commitment here.

Q549ChrisMole:Turning toGalileo, our colleagues
in the transport select committee have been told
that Galileo may not be ready until 2010. The
Commission sticks to an insistence that it will be
available in 2008. We have a civil servant telling us
that, in reality, it will be 2011. What are the
challenges in Galileo? When do you think it will be
ready?
Mr Dordain: I am sure they are not talking of the
same Galileo. Speaking of 2008, never ever was it
said that the operational services of Galileo would
be available in 2008. It depends on what Galileo we
are speaking about. Is it the in orbit validation that
ESA is in charge of? Is it the deployment of the
constellation? Is it the operations and services?
These are three diVerent matters. The decision
makers decided to make Galileo in several phases.
This is just a fact of life. There is an in orbit
validation funded 100% by public money to reduce
the risk for private investors. They have decided to
put that under ESA responsibility and to put the
four satellites in orbit at the end of 2008 just to
demonstrate to private investors that the system
can work. Then there is the so-called Galileo
concessionaire who should be in charge of investing
and deploying the constellation, the 26 satellites
beyond the first ones. The same concessionaire
would be in charge of exploiting the Galileo
constellation to deliver services. I am not in the
concessionaire’s shoes but I assume that they can
start to deliver operational services without waiting
for the 30 satellites to be in orbit. This is the reason
why, depending on whether you are speaking of the
in orbit validation, the constellation completely in
orbit, or, if you are speaking of operational services,
the dates can be diVerent. Galileo has been designed
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from the very beginning as a private public
partnership. The public sector was there to reduce
the risk for private investors to make the in orbit
validation and then transferring to the private
investors the responsibility of deploying and
operating the constellation, delivering services. This
works pretty well, with two conditions. ESA is
developing the in orbit validation. We need the
concessionaire in front of us for two very important
reasons. Firstly, we need to know from the
concessionaire on which requirements they will
make money because we are not building something
just to make satellites but to fulfil requirements,
especially requirements on which the concessionaire
can make money. Number two, we need the
concessionaire in front of us to put some pressure on
the calendar because they would like tomakemoney
as soon as possible. It is a virtuous system provided
the concessionaire is there. This is the problem
today.We are developing the in orbit validation and
the concessionaire is not yet there. The rest is details
but in the logic there is something missing today.

Q550 Chris Mole: When will the concessionaire be
in place?
Mr Dordain: That is not my responsibility. It is
the negotiation between the Galileo supervisory
authority and the concessionaire. They are
discussing it. As the director general of ESA, I am
ready to help and to do anything to have the
concessionaire as soon as possible because I miss the
concessionaire.

Q551 Chris Mole: Why do we need an independent
European capability in satellite navigation?
Mr Dordain: I am certainly not the best suited to
answer this type of question because Galileo is not a
space programme. ESA has not created Galileo. It is
a European transport policy which has created
Galileo. ESA is just providing a part of the solution
but not the problem. The problem is a result of
European transport policy. As far as I have
understood from the European Commission, they
have arrived at the conclusion that, to have an
eYcient European transport policy, there was a need
for a European constellation called Galileo. This
was the only way to make sure that there was full
reliability of a navigation system over Europe.
Relying upon aUSmilitary systemwas not the most
reliable way to have a European transport policy,
reliable any time, whatever situation in the world
was there. It was the first reason. The second reason
was to make sure that the European service industry
could have access to all the services which you can
associate with a satellite navigation system. The
third reason is to have a system where Galileo is
interesting not only for Europe, in my view, it is
interesting for the world. To rely upon one system
only in the world could be risky. To have a second,
independent system is always much better. I have
never consideredGalileo as a competitor toGPS but
more as a parallel system to GPS, making sure that
the navigation requirements will be fulfilled at any
time, in any circumstance. On the day when all air
traYc is relying upon a satellite navigation system,

you had better have a reliable system. Galileo is not
a space programme. It is not an ESA programme.
ESA is just developing satellites to respond to a
European transport policy. For me, this is very
important because this is the heart of the
relationship between ESA and the EU.

Q552 Chris Mole: Do you have a view on the
management of the costs which have gone up from
1.1 billion euros to 1.5 billion euros?
Mr Dordain: Yes. We know what is a space
development programme and we know what it
means to control the industry and the costs.
Unfortunately, you cannot control the costs if you
cannot control the calendar. It is not so easy to
control the calendar of just one piece of the Galileo
programme because the in orbit validation is just the
first slice of the overall system. The following slices
are not yet defined or not yet consolidated. It is very
diYcult to control the first slice.

Q553 Chris Mole: You expect it to increase further?
Mr Dordain: No. There was an increase, the 400
million that you were referring to. If we have a
concessionaire in the next few months, I can control
the situation. What I cannot control is the situation
where there is no concessionaire. As I have just said,
when there is a vacuum behind the in orbit
validation, the industry is like nature. They will
always fill the vacuum. It is very diYcult to control
something which is just a first phase where there is
nothing behind it. I am more than ready to control
the industry. We know how to control industry in
ESA. What I cannot control is a system which is
open ended.

Q554 Chris Mole: We have picked up on some
concerns that there may be pressure within ESA
Member States to extend Galileo. Is this something
you are aware of?
Mr Dordain: I am just developing satellites
according to the requirements that I am given. This
is not to wash my hands or to avoid answering. I am
more than ready to answer any question but I amnot
in charge of the requirements.

Q555 Chris Mole: It is a question for the
Commission?
Mr Dordain: I have what is called a mission
requirement document, which is the bible, and we
are designing satellites according to the mission
requirement document.

Q556 Chairman:Who uses them is another issue?
Mr Dordain: Yes. Who will use them is not my
business.

Q557 Chris Mole: You touched on the need to have
a second system because we do not want to rely on
the American system. How do you view competition
from a possible Chinese satellite navigation system?
Mr Dordain: This is certainly a problem. In terms of
competition, it is very diYcult to compete against
China. I have no problem competing against the
United States. We are using the same economic
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standards. Vis a vis the United States, I am
convinced that Europe is competitive compared to
the United States. When it comes to competing with
China, it is much more diYcult. Our only chance to
be competitive with China is to be better in terms of
technology. Using the current technology, China
will bemore competitive than any other space power
in the world.

Q558 Chris Mole: We could have 26 satellites that
nobody wants to use because the Chinese ones are
cheaper. Is that right?
Mr Dordain: It is a joke. If I was a private investor,
I would buy 26 Chinese satellites rather than
European satellites because I am sure that they
would be cheaper. Now I am not so sure that they
will fulfil the requirements. We have the mission
requirement document in Europe. We build and
design satellites in Europe according to these
requirements. What I do not know is if the Chinese
satellites are able to fulfil the requirements. Theywill
be cheaper for sure. We cannot make satellites
cheaper than the Chinese with equal technology.
What we can do is to make better satellites to fulfil
more performance requirements. I am sure of that.

Q559 Adam Afriyie: Can we come on to the concept
of investment and return on investment? We have
this wonderful concept of juste retour whereby a
Member State of ESA gets a return between 84 and
94% of the money that is paid over in membership
fees. It seems that the UK has been falling short
and it is absolutely outrageous. Where are our
78 million euros?
Mr Dordain: First of all, what is true today was not
true five years ago. Today, the UK is under-
returned. In the previous period, when we were
accounting the return, you were over-returned a lot.
The question is why was the UK over-returned five
years ago and why is it under-returned now?
Secondly, I should have come with an ESA
convention but maybe I have one in my bag and I
shall give you one, as a gift. I am always told,
especially in Brussels, that the industrial policy of
ESA is just juste retour, which is completely wrong.
The industrial policy objectives of ESA are defined
in Article VII of the ESA Convention. I would like
to state firmly that the industrial policy of ESA has
to fulfil four objectives. Objective number one is
cost-eYciency. Number two is competitiveness of
industry. Number three, what you call juste retour, is
equal distribution of activities. Number four is
competitive bidding. Our job is to fulfil the four
objectives of industrial policy altogether, meaning
that the equal distribution of activities is only one of
the four objectives, but unfortunately I am always
told that juste retour is the only objective of
industrial policy. This is not true because we are
cost-eYcient, we are competitively bidding and we
are supporting the competitiveness of European
industry, and at the same we are making equal
distribution. I would just say that I do not like to give
the impression that the only driver in the industrial
policy of ESA is just to distribute the activities
without any competitive bidding, without taking

into account competitiveness, without taking into
account cost-eYciency. This is very important. Why
are you under-returned today when you were over-
returned five years ago? I think it is a mixture of
reasons, there is not one reason.

Q560 Chairman: Can you be very brief?
Professor Southwood: Yes. It is my 78 million in a
sense. It actually shows the resilience of the UK.
There were two fundamental reasons. Number one
was a massive change in the industrial structure in
the UK which I think you are aware of. It was a
sudden change and it takes a while for that to sort
itself out. That took place in 1998–99 with the
closure of the Bristol factory. Number two is we had
in science one very big programme starting just after
that time and UK industry did not bid in strongly to
the programme called Herschel/Planck, partly
because there were two competing prime
organisations and the UK was in one consortium
and not in the other, and that just happens. Because
the programme was so big it did bias things. I am
very proud to say that without really moving away
from the industrial policy overall, as described by
Jean-Jacques, the UK has come back and is now
around 20 million deficit so we are within our
requirement which is 94% return. We are back on
target for a 94% return for the UK, which we should
hit that this year. We have done this by a procedure
of identifying at the beginning of new programmes
the fraction that the prime contractor has to put into
UK work. We have got two programmes now
starting, one called Bepi-Columbo, a spacecraft
going to Mercury, and the other called Gaia which
is going tomeasure the position of all the stars in our
galaxy, both with the UK shooting for 25–26% and
we are getting there. It shows how resilient you are
when you pull yourselves together and start firing on
all cylinders.

Q561 Adam Afriyie: My outrage is somewhat
quelled, thank you. Are there any other Member
States in a similar position to the UK in the current
cycle? Secondly, obviously the current projects you
have just mentioned, you say we are going to get a
slightly bigger chunk of those and that is great, are
you comfortable in the longer term the United
Kingdom position is going to reach equilibrium?
Professor Southwood: I would say I was worried
about the United Kingdom two or three years ago
and I am now feeling we have got you back on an
even kilter. I do not want to mollycoddle anybody
and of the big Member States it is the one I worry
about most but I am feeling that we have got the
solution. I have several other small countries where
I have much more serious problems which are
structural problems. You fundamentally do not
have a structural problem in theUK, you havemade
a big change in the industry and that is now being
resolved, and your GDP has been rising very
dramatically.
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Q562 Adam Afriyie: Once again, I am marginally
reassured there. We do not have any ESA centres in
the United Kingdom; do you anticipate an ESA
centre in the United Kingdom in the near future?
Mr Dordain: We are working on that. There was a
meeting one month ago, something like that.
Professor Southwood: Less than a month ago, three
weeks.
Mr Dordain: On the Harwell Campus. We have
decided to put in place a joint ESA-UK group to
reflect on which type of ESA centre we could
implement in the UK.We agree in terms of principle
but we have to work to see which type.

Q563 AdamAfriyie: Broadly speaking, when do you
anticipate a decision will be made?
Mr Dordain: I think that the decision will be made
byMember States. I am committed to whatever is in
the report that the joint working group will deliver
on 31May. That is what we are committed to. After
that, we shall have to speak with the other Member
States because obviously putting an ESA centre in a
country is a decision by Member States, not only by
the Director General.

Q564 Chairman: But you support it?
Mr Dordain: Yes, absolutely. I support that, not
because I like the UK more than others but because
I have a lot of expectations of the UK.

Q565 Adam Afriyie: This is my final question that
requires a fairly brief answer, I hope. You have
mentioned bidding as one of the key components of
this fairness in return, or one of the overall
objectives. How could theUnitedKingdom improve
its bidding position? What could we do to improve
the way in whichwe bid for contracts at themoment,
perhaps just one or two pointers?
Professor Southwood: I think probably by upping
the scale with which you are involved in
programmes. The skills pool you have got needs to
be kept working flat out, if you like, and you get lean
and hungry organisations that look lean and hungry
but not starving, if you see what I mean. The
problem in the UK is you are on the edge, probably
a little too lean and a little too hungry. I actually do
not think UK bidding really is a problem, the bids
that we get from the UK are very professional and
you have got a very good skills base in this country.

Q566 Dr Iddon: Director General, I want to turn
now to the possibilities of humans in space. The UK
has given the impression that it is willing to back
robotic projects but not manned space projects, for
example, we have not invested in the International
Space Station to any degree, but we are investing in
Aurora and, in fact, I understand that recently we
became the second largest contributor after Italy.
Mr Dordain: That is right.

Q567Dr Iddon:Weall know that Aurora is planning
human missions to Mars much later. Can you
conceive of a time when Britain might get back into
sending men or women into space?

Mr Dordain: I would say that it does not depend
only on the UK, it depends on what all these other
Member States would like to do beyond the Space
Station. These are the lessons learned that we have
got from the Space Station. Again, the UK has
decided not to contribute to the Space Station but
theMember States which have decided to contribute
have drawn some lessons learned from the Space
Station. One of the biggest lessons learned from the
Space Station was that the ESAMember States were
much too dependent on the United States in
the International Space Station meaning that,
unfortunately, they had to face several crises on the
International Space Station where they had no
choice but to follow what the United States did.
Again, it is not a complaint but this is a fact, we were
too dependent on the United States because we had
no transportation system which meant we could not
launch the laboratory Columbus without the space
shuttle, we could not use the ATV on board the
Space Station if Columbus is not there. We were
much too dependent. This is the reason why they
have decided, but it was my proposal, to follow two
parallel lines beyond the Space Station: one line
where the ESAMember States can be in control and
not controlled by somebody else, and one line where
they could accept being controlled by another
country. When you put that, the only domain where
the ESAMember States can be in control, at least in
the next 10 years, are automatic missions because we
have no transportation system for astronauts. We
missed the key access for European astronauts. This
is the reason why Aurora is made up of two parts
which gives a global exploration vision for ESA
Member States but where Member States can
choose to be in one line, in the other line, or in both.
We have automatic missions which are today
focused onMars because the scientific community in
Europe is much more interested by Mars than the
Moon, and David can elaborate on that, and this is
the Exo-Mars mission. Exo-Mars will be a sample
return mission, and so on. The second line is how
ESA Member States can contribute to a manned
space exploration programme which today is led by
the United States because it is a fact that the United
States are the ones who invest the most in a manned
space programme.We are conducting a lot of studies
and activities today to see on what basis Europe can
contribute to a manned exploration programme
which is that second line focused on the Moon
because the United States have chosen first to go to
the Moon and then to Mars. No decision has been
taken yet, we are reflecting, because the contribution
of ESA Member States to this manned exploration
programme could be providing all or a part
of the Moon in-orbit infrastructure, the
telecommunication and navigation systems around
the Moon or providing all or part of the Moon
surface infrastructure, which is a pressured module
to be put on the surface of the Moon. It could also
be contributing, because it cannot be all, to a
manned space transportation system or providing
scientific missions to the Moon. Since the United
States do not want to co-operate on the
transportation system we are working with the
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Russians on that. Today we are conducting two
years of activity and the rendezvous for decision will
be end of next year when the ESA Member States
will have to decide on both lines. Do we make
automatic missions beyond Exo-Mars? That is
the first question; and do ESA Member States
contribute to a manned exploration to the Moon
driven by the United States, by providing one or
more pieces that I have mentioned, the in-orbit
infrastructure, surface infrastructure, part of the
transportation system with the Russians or only
scientific missions? This is where we are. Today the
question is not somuchUK in or out, it is more ESA
Member States in or out because the Space Station
development is now coming to an end, with the
launches of Columbus and ATV this year. We have
been working on that for 20 years and it is high time
to complete that. This is where we are in terms of
exploration generally speaking and manned space
flights more precisely.
Dr Iddon: Thank you, that is very clear. We will
watch this space!
Chairman: Oh, dear me.
Adam Afriyie: Very good.

Q568 Chris Mole: Finally turning to launchers, the
UK has a little investment in Ariane 5, what are we
getting from that? What have we missed out on up
until now by not heavily investing in launchers?
Mr Dordain: Again, that was an historical decision
by the UK to stop their investment in launchers.
When I started as an engineer my first work was to
work with British industry and Europa 2 and I
remember the first stage of Europa 2 was the Blue
Streak, so there was a time when the UKwas deeply
involved in launchers but for whatever reasons
your Government decided to stop investment in
launchers, apart from, as you said, a small
contribution to Ariane 5. You are not getting a lot
because you are not investing a lot. In my view, on
Ariane 5 you are getting more than you are
investing. This is one of the examples where you are
over-returned on Ariane because we need some
pieces from theUKwhich do not exist anywhere else
in Europe, which is fair enough. TheUKhas decided
to stop its contribution to launchers on the basis that

we can find a launcher anywhere in the world
whenever we want but, frankly speaking, I am not
so sure.

Q569 Chris Mole: So you are not certain that the
market will deliver launchers for the future?
Mr Dordain: I am not sure because all the spaces
powers are building launchers first for their own
purpose. The United States are not on the market,
there is no US launcher on the market. They are not
evenmaking any proposals. Atlas 5 andDelta 4 they
are just for the domestic market in theUnited States,
they are not on the market. The Japanese are not on
the market. The Chinese cannot be on the market
because of the United States, because there is not a
single satellite in the world that is not using a US
component, whichmeans that, due to export control
the United States are in control. So the Chinese are
not on the market except for a few exceptions that
the United States has agreed upon. Clearly the
United States are controlling the Chinese launchers
through the export control on the US components.
Today the only ones that are on the market are the
Europeans and the Russians, but the Russians,
although they are on the market, are increasing their
price by 20% a year for the last two or three years
and this will continue. What is the price of a
launcher, it is just man hours, it is just a question of
salaries. When the Russian engineers were paid $200
amonth the Russian launchers were cheap, but since
the salaries in Russia are increasing the prices are
increasing. That is the reason why I am not too sure
that we can find a launcher anywhere any time on
the market.
Chris Mole: That is a good answer.

Q570 Chairman: That was a superb response.
MrDordain: Inmy view this is why it is good to have
a guarantee of access to space. David was recalling
that Skynet 5 was launched by Ariane 5 last week.
Chairman: Alas we have come to the end of our
questions. Could I thank you very much, David, for
your support this afternoon, but in particular,
Director General, may we thank you as a
Committee, not only for coming over from Paris to
share your time with us but to say that we have had
the most fantastic session with you this afternoon. I
think we would all accept the very openness of your
responses to us has helped the inquiry enormously
and we thank you very, very much indeed for that.
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Q571 Chairman: Good morning to the Minister of
State for Science and Innovation, Malcolm Wicks,
and good morning to Dr David Williams, Director
General for the British National Space Centre.
Could I say that this is the last oral session of our
inquiry into space policy. A lot of issues have been
raised during the inquiry and we are hoping very
much, Minister, that you will be able to throw light
this morning on some of your thinking and indeed
the Department’s thinking in terms of future of
space policy, and we are very grateful to you for
coming along. You said when you launched the
consultation on the UKCivil Space Strategy 2007 to
2010 that “space is the great adventure of the coming
millennium”, so what is your vision for the future of
UK in space?
Malcolm Wicks: What I meant by the great
adventure is that there is something instinctive about
the human species to explore and to go beyond
accepted boundaries. I think that has been very
much the history of our planet and it is not
surprising that humankind is now interested in the
recent period in exploring further, exploring into
space. I think all of us have grown up with stories on
the radio and the television and in books of space
exploration and, as I say, I think there is something
instinctive about that, so when I say it is the great
adventure I think it will be the great adventure and
I think we will see great strides during the rest of this
century and further into the millennium. Coming
down to earth a little bit more and having some
regard to tedious things like spending implications,
with my feet firmly on the ground, can I say that
from the United Kingdom point of view we are very
much there taking part in this great adventure, but
this is not about the UK in a very nationalistic way
thinking it should fly the flag or that we should have
our own British mission to the Moon or Mars or
whatever. We should play to our strengths and I
think our strengths are considerable, as this
Committee would have heard. They include some of
the IT around space exploration, they include
robotics, they include astronomy, they include
satellite technology, and small satellites within that.
Therefore what we have got to do is to make sure
that we are involved internationally with the
European Space Agency but also to some extent in
collaboration with NASA to make sure that we can
play our part in what you were quoting me called
“the great adventure”. I think it is a great adventure
but I think scientifically it makes a great deal of

sense, technologically it makes sense, and
economically it makes sense because this is a small
but growing part of our GDP. The worldwide space
market is a huge one and if only (although this is not
the only factor) for economic reasons, we need to be
part of it.

Q572 Chairman:You said that “spacematters”, that
was your actual phrase and it was a very strong
statement youmade. I just wondered how important
is this particular part of your portfolio? How much
emphasis do you give to space policy and this whole
emphasis on what space can deliver and the space
industry can deliver as part of our growth in GDP?
Malcolm Wicks: I would give a great deal of
emphasis.

Q573 Chairman: Do you spend a lot of time on it?
Malcolm Wicks: I cannot say I spend huge
proportions of my time on it but it is something that
has intriguedme, as I think you know, and interested
me from the start, not least because my first
ministerial visit wearing my science and innovation
hat was to the University of Surrey where I was
intrigued as a newcomer to the field to see that not
only in the University of Surrey but through Surrey
Satellites, a spin-out company, they are interested in
small satellites. Six months earlier I might have
thought, “What does that mean, that they are
writing learned articles for the international journal
of who knows what about satellites?” but, no, they
are actually developing them, they are building them
and they are successfully having them launched into
space. I think that made me realise something I had
not in my ignorance realised before I took on this
job, that this was an area where Britain was excellent
andwewere doing very, very well internationally. So
I think I would give a great deal of emphasis to it. I
want to see Britain as a major player in space,
playing to our strengths and also, Chairman, if I can
add, playing to what I think is the best objective
scientific evidence at the moment that the things that
we need to do over the next 20 years in terms of space
exploration is not necessarily sending a British
woman or man to the Moon but it is about
exploration in terms of astronomy, robotics and
the rest.

Q574 Chairman: I do not think anyone would
disagree that you have displayed a passion for this
particular area of your portfolio and certainly I
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think this Committee would accept that but we have
heard very diVerent opinions about the state of
health of the British space industry. I just wondered
what is your assessment of the current state of health
of the British space industry? Is it healthy and, if it is
not, what are you doing about it?
Malcolm Wicks: I think it is healthy but I do not
think one should be complacent. I am looking
forward to your Committee’s report on this, but I
think it is in a healthy state. I think our science in the
areas that I have mentioned, and no doubt some
other areas, is excellent. I think we are seeing a great
deal of entrepreneurship and innovation by a
number of companies, some of them quite small or
medium sized, and I think in terms of our European
collaboration with the European Space Agency, we
are pursuing the right tactics in terms of picking
quite carefully what projects we are backing.

Q575 Chairman: Does it not need help from your
Department? Is it perfectly capable of being able to
work on its own?
Malcolm Wicks: I am sure, Chairman, everyone
needs help from the DTI.

Q576 Chairman:We have not asked for any yet!
Malcolm Wicks: I am here to help today in my
modest and humble way, Chairman, as ever. Of
course it needs help from government. I am just
looking at the figures in front of me, which I am sure
you have been supplied with, which if you look at the
civil space expenditure which is co-ordinated
through David’s BNSC, it adds up in 2005–06 to
over £207million from diVerent agencies. Obviously
there is always room for discussion—is that enough?
is it too much?—but it does show on the civil side
(and then of course there is the military side) that
there is quite considerable public investment going
into space science and space technology.

Q577 Chairman: In terms then of academia, you
have mentioned on a number of occasions both here
and elsewhere your admiration for our academic
expertise within robotics and other areas. Do you
feel that that is a healthy area as far as academia is
concerned? Are we leading the world there and what
are we doing to support our academics?
Malcolm Wicks: Let us be careful about being too
patriotic in terms of leading the world. I think in
some areas of science we are leading the world, I
think in some areas we might be second only to the
United States, so I think the academic base is a
strong one.

Q578 Chairman: Where are our strengths then in
terms of space science?
MalcolmWicks:May I turn to David as well to give
his opinion because he has been in the field longer.
What I am learning is that our strengths are in
astronomy. We have always been very good at
astronomy and I think that is important because in
terms of scientific questions about space one should
not, I am advised, and this seems sensible, be too
ready to say that we will answer certain questions
simply by space exploration, as it were sending a

rocket up with clever gear on it. If we can tackle
issues in other ways astronomically then that is very
sensible, so I think it is important to take a holistic
approach. I have mentioned satellites and I think
our strengths are in satellites and I think also in
terms of some of the IT that is associated with space
technology we have strengths and I think you have
mentioned robotics. May I ask Dr Williams to add
something.
Dr Williams: I think we have got a good range of
strengths. Instrumentation is a particular area and
our analysis of data is a very strong area and our
ability to understand the science that is retrieved
from the information and observations that are
made, and we are also strong in the software field, I
think that is an area of strength. That is in the science
area. In the earth sciences again it is the
instrumentation and the ability to model and
assimilate the data where we are strong as a country.
Malcolm Wicks: One idea, Chairman, which the
Committee might have a view on, not necessarily
today but might reflect on, is we have been thinking
about how to stimulate interest in space science
among post-graduate students in certain fields but
mainly among under-graduates and one possibility
here—I am not committing myself to it, we need to
think it through very carefully and get advice,
including from your Committee—would be to have
a competition among universities for graduate and
post-graduate students to design and build
instrumentation for a small satellite with a view to
the winning entry (judged on scientific criteria) being
launched into space to do useful work within a
couple of years of completion. I think such a
competition could command some public interest. If
we could link it to interest among some sixth-forms
in those communities I think that might be an added
bonus. It is an idea that we have been thinking
through recently but we welcome advice on what is
at the moment simply an idea. Perhaps we will come
on to this, but that would help us make the link with
another subject of interest to this Committee, and I
have been struck by this when I have been going
around schools, which is why is it that this instinctive
interest amongst children (and most of us when we
were children and as we try to grow up were
interested in space and space exploration) has not
translated into more of those children doing science
and doing technology and engineering in their later
education careers, and we need to think through
how we bridge that gap.
Chairman: We are actually going to return to that
link with education a little later on and I am going to
bring in my colleague Graham.

Q579 Graham Stringer: Malcolm, when you were
Energy Minister you said that ESA matters
enormously to us. Why are the relationships with
ESA so important and now you are ScienceMinister
how often do you meet with them?
Malcolm Wicks: I have got a trip planned to go and
visit ESA. I have not been there yet since I was
appointed in November. My colleagues are in very
close touch of course with ESA but it is on my list of
things, as it were, to do. I think it matters because
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while one can explore diVerent dimensions of space
investigation and exploration the role—and again
we get back to satellite technology—of
environmentalmonitoring, helping us to understand
what is happening in our planet, helping us to
understand better the phenomena we are all
concerned about in terms of climate change, I think
that is probably what I had in mind when I made
that statement.

Q580 Graham Stringer: If it is so important is it
surprising that you have not been to visit them yet as
Science Minister?
Malcolm Wicks: To ESA?

Q581 Graham Stringer: Yes.
Malcolm Wicks: I am afraid there is a range of
institutions that if time travel were available I would
have visited in the few months I have been Science
Minister but the fact of the matter is I have not yet.

Q582GrahamStringer:Canwe take it from that that
in the pecking order of importance ESA—this is
probably a throw-away line in a debate in
Westminster Hall—is not as important as perhaps
you were implying?
Malcolm Wicks: I am sure that could not be a mere
throw away line. I can think of some very substantial
research institutions I have not yet visited but does
it show that I am not interested in them or aware of
them?No, it does not. I am afraid it is just a question
of the priorities one has not least here in the House
of Commons, but, as I say, it is my plan to visit ESA.

Q583Graham Stringer:Youmight be able to answer
this better after you have visited but do you have a
view at the present time about how our relationship
will develop?
Malcolm Wicks: I think it is a very good
relationship. As I indicated earlier, the strategy has
been (and I would judge this to be sensible) that we
are really quite rigorous in terms of scrutinisingwhat
projects to support and there are ones where, despite
their importance, we from a UK point of view are
not supporting them. I think the relationship will
grow in strength but, as I say, I think we will be
selective about what projects we do support. Clearly,
in terms of what you might call the environmental
monitoring of our planet, I think this is something
that we are very much signed up to. I saw when I
visited Antarctica recently how the British Antarctic
Survey were doing their work, not least in terms of
climate change and they are doing very important
scientific work there. They were the first people to
discover the hole in the ozone layer but they also told
me about the increasing importance of satellite
monitoring in terms of what is happening to the
levels of ice and icecaps in Antarctica, so I would
emphasise the environmental importance.

Q584 Graham Stringer: I am sure that is the case but
are we really that rigorous in assessing the returns to
this country when we invest in programmes? If you
look at Galileo for instance, I remember from a
previous inquiry if you applied the normal cost/

benefit returns to Galileo that our Government
would apply to our own projects we would not have
supported it. Did we not get carried away with a
grand project and by being good Europeans in that
project?
Malcolm Wicks: I think Galileo has certainly run
into some diYculties.

Q585 Graham Stringer: Predicted diYculties.
Malcolm Wicks:Well—

Q586 Graham Stringer: They were predicted.
Malcolm Wicks: I take your view on it. We are
obviously trying to use our good oYces to move it
forward in the right way. I do not know if it would
help if Dr Williams came in here on Galileo.

Q587 Graham Stringer: Just before you do, Dr
Williams, the point that I wasmaking really is that—
and not many of us predicted it would run into
diYculties—even on the figures that were before the
House, it was not a project that within our own
terms of normal government investment criteria we
would have invested in.
Dr Williams: I think I am in slight disagreement
there. It is before my time here and it is certainly
before the Minister’s time, but there was a cost/
benefit study done in the UK on the Galileo project
which went through the system and it showed on
predictions of the diVerent services and revenues
that it would be beneficial, and that is a document
that we have. The decision to make it was based on
that and also its strategic importance to Europe.
There is no doubt that Galileo is s amajor European
infrastructure programme of strategic significance
to the European population at large and there is an
element of that in the decision-making. But at this
stage I can say that there was definitely a study done
which showed on the basis of assumptions about
revenues for the diVerent services and the value of
the diVerent services that Galileo was a programme
that was beneficial to the UK.

Q588 Graham Stringer: I do not want to go too far
down that line but I do not really accept that. Why
are we not getting our return that we should be
getting out of the ESA projects? There is a ƒ20
million deficit.
MalcolmWicks:Yes, for a number of years we were
getting our return, indeed, I thinkmore than our fair
share of resources. That has moved the other way in
recent years and we are not happy about that. There
is now a proposal which we are actively interested in
to have an ESA facility here in the UK, possibly at
Harwell I think, and we are pursuing that with ESA,
and I think if we can negotiate the right kind of
project that would be very important and indeed
would show our commitment to ESAbut would also
show our commitment to space strategy, so I
recognise the problem you raise and we mean to
rectify it.



3657371007 Page Type [E] 12-07-07 01:55:43 Pag Table: COENEW PPSysB Unit: PAG1

Ev 98 Science and Technology Committee: Evidence

18 April 2007 Malcolm Wicks MP, and Dr David Williams

Q589 Graham Stringer: You have not really
answered the question as to why it has arisen. If we
were doing relatively well before why have we got
into this less agreeable situation?
Malcolm Wicks: David do you want to do
something.

Q590Chairman:Before you answer that, David, can
I just point out that in view of your first answers
where really you painted an incredibly rosy picture
about the British space industry, we find it diYcult
to understand why we suddenly find that we have a
ƒ20 million deficit on juste retour.
Dr Williams: I said last time that if you look at the
under-return that occurred from about 2002–03
there were three or four reasons for that. One is it
coincided with the UK NNI increasing from 13 to
17% which meant an immediate increase in
subscriptions of 25% against a programme that then
takes time to filter through. That is one element. The
second element was the cancellation of Eddington, a
project where the UK had expected to get a return.
The third element was that in one particular year we
had a major under-return and the ESA figures are
running averages across a period of time and if you
have one bad year that aVects the average thus there
is a combination of reasons. The fourth reason was
that UK industry re-organised itself and as a result
of that we lost certain capability in the UK and that
was a European restructuring issue for industry.
What we have done in the last 12 months is address
that issue very specifically with ESA. For example,
on a project that is going out at the moment, there
will be a specific statement that the UK will be over-
returned. So we are moving to a situation where we
are defining programmes now for ESA to release
tenders where the UK will be specifically over-
returned to try and re-establish the pattern of
funding so that we get the right level. It is an issue
that was really from 2002 to about 2004 where the
problem arose in specific years and it shows in the
statistics. I have done quite a lot of analysis since we
last spoke on this.

Q591 Graham Stringer: Just two follow-up
questions on that. We are failing in terms of the
criteria that have been set for this that we get these
returns; is that a good basis for collaboration in itself
and, secondly, can you tell us when we will get the
return that has been agreed to, if you can give us a
schedule?
DrWilliams: In overall conditions we are within the
agreed range of return. On specific areas where we
are below those are the areas that we are addressing.
I cannot give an exact date because it depends on the
release of tenders from ESA and how we deal with
them on a case-by-case basis.

Q592 Graham Stringer: Give us a rough ballpark
figure.
DrWilliams: I would say the predictions I had from
ESA recently were that by about 2009–10 we will be
back to par on the system because of the feed
through of contracts and spend.

Q593 Graham Stringer: So we will have been
running at deficit for about eight years?
Dr Williams: Yes, but we will recover that deficit as
well so it is a matter of recovering the position. The
deficit is a runningmean not an individual yearmean
so that as you look at the running mean once it gets
to one you are actually back into credit over the
period.
Malcolm Wicks: Dr Williams has done more work
on this. Have we shared that with the Committee?
DrWilliams: I think we have shared quite a lot with
the Committee. I cannot remember specifically what
we have but we looked at the individual year returns
to disentangle that from the running returns to bring
out where it was and which programmes.
MalcolmWicks:Canwe give you any extra data that
we can on this? We recognise this is a problem and
we want to rectify it.

Q594 Graham Stringer: On the first part of the
question I asked; is it a sensible way to arrange our
relationship with Europe?
Dr Williams: The juste retour principle?

Q595GrahamStringer:Yes, is it a sensible criterion?
Dr Williams: In general terms I would say that we
would like to move away from it to a more open
tender system where everything was given on the
quality of the work. The reason juste retour was
there initially whenESAwas createdwas to establish
technical capability in countries in the period 1975 to
present and without this return co-eYcient equation
the work would not necessary be built across
Europe. The aim was to build pan-European skills
so it is one of the criteria, but the UK is very keen on
the output criteria being important. On the science
we judge what we do on the output on the citation as
much as we do on the industrial return and the
industrial return for me is a mechanism to show we
are working our way in the system; the value is in
the output.

Q596 Dr Iddon: But is it not a bit artificial? What I
mean by that is that one of the major players in the
field is Astrium—and I am not criticising Astrium
except to say that they are a German-based
company and it is not really juste retour in terms of
investment in British-basedmanufacturing industry,
which has been declining certainly in my region.
Bolton invested very heavily in manufacturing in
subtle engineering and heavy engineering. What are
we doing, for example, to invest in small and
medium-sized enterprises that would love to get into
this area but cannot compete against the big boys
like Astrium?
Dr Williams: On the Astrium issue there is always a
long debate aboutwho owns a company andwe look
at it on where the work is undertaken and where the
skillbase of the workforce is. Astrium is a European
company with bases in several countries and they
have those bases because they want to tap into the
skills and capability of the country and also because
they want to respond in this case to the ESA
programme. On the SME side wework as hard as we
can. We have recently done a lot of work to help
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SMEs get into the bidding structures. It is a slow
process because in terms of being a major player in
a programme you need a lot of system management
skills. Finding those in the SMEs is not always easy
so we have to try and marry the SMEs to companies
who can provide that and make sure they get work
at the lower level in industry and then build their
position up slowly.
Malcolm Wicks: I think it is important to recognise
there is always an issue about how we can support
SMEs. We are very aware of that across DTI, but I
do not think we should paint a poor picture here.
The figures I have got suggest that the UK share of
the global space market is somewhere between seven
and 10%—it is diYcult to get these things absolutely
right—and when you think that the global space
market is going to grow to an estimated 150 billion
by 2010, we are quite well-placed. In terms of
companies, the figures I have got suggest there are
227 companies involved in this area, 70,000 jobs and
that the contribution to GDP is growing, as it were,
all the time, so we are not in a bad position, but one
never wants to appear complacent given the real
issues facing quite small companies in competing.

Q597 Dr Iddon: Malcolm, you mentioned the ESA
centre and you mentioned that in connection with
Harwell. When will a decision be made on that?
Malcolm Wicks: I have not got a date. David, have
you got in your head a date?
Dr Williams: We are hoping it will be made in the
context of the ESA ministerial which is next year.
That is the final decision because it will require fairly
high level decision within ESA.

Q598 Dr Iddon: In 2008?
Dr Williams: The final decision.
Malcolm Wicks: So discussions are taking place.
There are some ideas about what the new centre
would do. It is certainly a real thought that it would
be based in Harwell. Personally I think it is
important that there should be a significant ESA
facility here in the United Kingdom.

Q599 Chairman: And what are you arguing for?
Malcolm Wicks: That is still being discussed. It
could be aspects of general space exploration. It
could be, David, trying to develop the innovation
side of it.
Dr Williams: One area is the application side so we
are trying to do things that transfer the capability of
space, if you like, to the economy at large, the service
economy is one area, so translating the data from the
Earth Observation Programmes and the Galileo
programme to a state that could be used to provide
services in the economy as a whole. That is one area.
Exploration, as theMinister said, is the other, which
is looking at building up a UK capability for the
future exploration programmes and then there are
one or two areas of technology underpinning that
where we are having quite detailed discussions with
ESA. They are a little delicate in terms of why it
should come to the UK and not elsewhere and it is a

little diYcult to expose it all at this moment in time,
if you do not mind, although I am happy to talk
about it.
Malcolm Wicks: One aspect I am interested in is
whether we are being ambitious enough in terms of
the satellite monitoring of our planet. There is an
array of things that are going on in terms of defence,
security, traYc monitoring and environmental
monitoring, so it is quite an impressive record. I just
wonder myself, coming from a social science and
social policy background, whether we do not need to
develop another strand of our thinking to see
whether some of the issues we face in terms of our
society and social policy could not be helped by the
development of suitable satellite technology and
monitoring. I am thinking of the issue, for example,
of the care of an increasingly elderly and frail
population where many, many families and
communities are worried aboutwhat is happening to
their 80 or 90-year-old person who may have
Alzheimer’s or something. Surely if we are able to do
traYc monitoring we should be able, in the best
sense, to do people monitoring where there are
concerns. I think if we could bring some
technologies together there, with all the sensitivities
we need to apply of course to avoid a Big Brother
approach, there could be some useful applications in
our welfare state which I would quite like to explore.

Q600 Chairman: Sorry, Brian, to interrupt your line
of thinking but just to follow that, are you putting
specific money into research in this area? Is there a
specific proposal to do it?
MalcolmWicks:No it is at a much earlier stage than
that, Chairman, but it is something I have discussed
with some of the experts I have met and what they
tell me is in principle this kind of work could be
undertaken.

Q601 Dr Spink: Would this involve people have
transducers upon them?
Malcolm Wicks: It would involve them having
something on them, would it not? This is at a very
early stage but, as I say, when I hear about how we
can now monitor crops to see if they are being
fertilised appropriately as an aid to farmers, when I
hear what we can do about traYcmanagement, I am
wondering if there is a bit of a lack of vision here
about helping us tackle some of the societal issues
that we face.

Q602 Dr Iddon: Malcolm, throughout this inquiry,
which has been quite an interesting one, and I am
sure every member of the Committee has learned a
lot about space research, one thing that has come out
quite strongly is the investment that China and even
India are putting into space research now is likely to
exceed—far exceed in terms of China—what we are
investing here in the UK (admittedly they are a
bigger country) and possibly might exceed what
ESA is investing across Europe. Do you think that
we are investing enough across Europe, not just in
the UK, in space research in order to compete with
these two countries in particular?
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MalcolmWicks:Well, I think myself that we can get
too gloomy and pessimistic when we look at some of
the data or the estimates coming out of the big
emerging economies like India andChina.As amore
general point, I think it is important that we present
globalisation and that kind of global competition as
a rather exciting challenge rather than get too
gloomy and doomy about the huge numbers of
graduates in physics and science coming out of those
countries. Having said that, there obviously is a
competitive element. As I have said, we need tomake
sure that Britain has its fair share and perhaps more
than its fair share commercially of this very, very
exciting market. I have given you some data as best
we can try to estimate it of our share at the moment
of international markets. It is important to the
British economy in terms of jobs, small companies’
investment, share ofGDP, et cetera, et cetera. I think
we are in a pretty good place but are we going to be
able to compete at scale in terms of expenditure with
China in X years’ time? No, we are not and therefore
a) we need to be selective about the things that we do
and the things that we do best (and we have
mentioned those already) and b) we need to make
sure that we are co-operating properly as we are, and
we have had some discussion about the juste retour
side with ESA but also with NASA. I think that is
another very important element of it and soon after
I became ScienceMinister I had an opportunity—he
was in London—of meeting Mike GriYn, the head
of NASA. We had some very useful conversations
about that and I am pleased to say that I think it is
tomorrowwe are going to be able to announce—and
I announce it first to the Committee—that we are
signing an outline agreementwithNASAwhich puts
down both our own ambitions and NASA’s
ambitions for further collaboration between the UK
and the United States in terms of space science and
space exploration. That is an agreement that will be
signed by my colleague, our Director General, Sir
Keith O’Nions, I think it is tomorrow (I am just
trying to work out the hours’ diVerence, in the
United States). I think that is the way we should
proceed. We play to our strengths, we develop
strengths both scientifically and commercially but
we collaborate internationally. Can I say,
Chairman, that I think myself the future here is
going to be in terms of space exploration to Mars
and the rest, and surely whatwe need to do is for that
to be an international endeavour, an international
expedition, and I think we are very committed to
internationalism in terms of space science and space
exploration.
Dr Iddon: Thank you for that announcement.

Q603 Chairman: Could we have a copy of that
tomorrow, is that possible?
Malcolm Wicks: Yes of course.
Dr Iddon:Which is good news and we will return to
the collaboration with NASA later on in this
inquiry.

Q604 Chairman: Finally, Malcolm, you said the EU
is an increasingly important user of space.
Personally I was disappointed when you responded

to Graham’s question about whether you had met
with ESA. What particular role have you had in
developing EU space policy given that there is a
move to actually incorporate ESA’s functionswithin
the broader EU policy framework? Have you had
any meetings in Europe at all on space policy? Can
I ask you, Minister, whether you have had any
meetings at all in this area?
Malcolm Wicks: I obviously meet with my oYcials
on this a lot. The strategy now is to develop towards
the ministerial meeting, which we mentioned just
now, next year.

Q605 Chairman: Our involvement is regarded as
weak in Europe and you are saying that you have
had no ministerial meetings in Europe at all on
space policy?
Malcolm Wicks: At meetings of the European
Councils I attend there are informal discussions on
this of course, yes, but I have not been to ESA yet.

Q606Dr Turner:Malcolm, we have heard quite a lot
of evidence to suggest that the actual way in which
we run space in Britain, our organisational
structures, are not as good or as eVective as they
might be. One example is the comment of the Royal
Astronomical Society that the current format of the
BNSC is “not serving the needs of the country nor
the space community”. That is not a criticism of the
individuals involved but of the fact that BNSC is not
set upwith enough clout to be eVective. Do you have
a view on this? Can you see a way of improving this?
Malcolm Wicks: I think my view on this is that
BNSC has been a success and I think it is an
important partnership but I am open-minded, to be
blunt, about the future. I do not get as excited as
some about organisational structures or
departmental reorganisations. I know this excites a
lot of interest and makes for quite an interesting
bullet point recommendation or sound byte but I am
more interested in substance and I am impressed as
I have learned about the work that BNSC is doing.
You may be aware that the NAO looked at BNSC
and if I can just quote, they said: “Our analysis
shows that the partnership approach is a cost-
eVective way of securing the benefits of national and
international co-operation on space programmes.
This is because it ensures that partners consider the
benefits of expenditure on space against alternative
investments whilst also avoiding duplication”, so the
NAO seem to have been impressed by this. Whether
it is the right model for the future, I would be
interested in the views of the Committee, and I am
open-minded about it. I do not think however,
Chairman, simply by rebadging something in
exciting language the “UK Space Agency” or
“BASA” or something necessarily helps us take
strides forward. I think actually in an era where we
all talk about joined-up government BNSC since
1985 has very much been a forerunner of how we
bring diVerent bits of government together. As I say,
I am open-minded about it and I would welcome
advice.
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Q607 Dr Iddon: I think the feeling in the space
community—and I share your intrinsic distrust of
simply looking at structures for their own sake—is
that because the BNSC does not have its own
resources to call on that undermines its eVectiveness.
What would your reaction be to the reform of the
BNSC into an agencywith its own budget and giving
it a yet stronger co-ordinating role, because there are
various gaps in our space activities where things do
not quite match up and where if we had an agency
with a specific role we could in fact do better?
Malcolm Wicks: I have said what I have said, that I
think the BNSC has strengths and I think it has been
a forerunner of how to join things up. I have also
said I am open-minded about the future. It is
probably one of these issues where at one level you
could argue that space should be regarded as a
specific thing and therefore maybe it should have its
own agency or on the other hand you might think of
at least some of this side of things where perfectly
properly a range of diVerent agencies, some private,
some public sector, will have an interest in space
technology so it is perfectly proper and not
surprising that the MoD, the Department for
Transport andmaybe in the futureDFID,Defra, the
DTI in terms of telecommunications because the
DTI have an interest in satellite technology and
might want to invest particularly in diVerent aspects
of satellite technology for diVerent specific purposes
to meet certain objectives. Would a space agency
help that or hinder that? It is an interesting question,
is it not?

Q608Dr Turner: It is an interesting question because
it could be the home for some of the skills co-
ordinating gaps, if you like, for want of a better
description, that currently exist. The mismatch
between end user requirements and environmental
monitoring systems is one example. Obviously as the
DTI you have a very considerable influence over
BNSC’s agenda.Do you think the relationship is too
close? Do you drive BNSC? Does BNSC have to
come to you for advice or direction? What is the
relationship?
Malcolm Wicks: The structure of the body is such
that it has a relationship with a number of diVerent
agencies, the research council and diVerent
departments. We are obviously the parent
department I think it is fair to say—

Q609 Dr Turner: And the major funder?
Malcolm Wicks: Are we the major funder?
Dr Williams: It is separated into the NERC and the
STFC budget and the DTI budget.
Malcolm Wicks:—the arm’s length research council
funding. But obviously we are the parent
department in terms of space science. One issue I
have been reflecting on just recently is what I said,
namely that there are a number of departments now
interested in satellite technology with objectives
there and I am actually going to have what will
initially be—and I am happy to tell you about this—
an informal meeting (in other words it will not be a
new ministerial group as such) of fellow ministers in
diVerent departments with an interest in satellite

technology so that we can make sure that we are in
the right place and there is no unnecessary
duplication and that maybe there are some of the
issues you are looking at can be more eVectively
tackled. I think that is an initiative that we nowneed.

Q610 Adam Afriyie: You have mentioned that you
have an open mind as regards BNSC and perhaps
the creation of a space agency and you will await the
outcome of this Committee’s report. It seems to me
that the BNSC does some good work in allocating
funding and co-ordinating to a certain degree but is
your mind open enough to entertain the idea of
perhaps a separate body that performs some of those
functions that BNSC is not performing so well?
Malcolm Wicks: A separate body?

Q611 Adam Afriyie: A separate body from BNSC
which fulfils those functions that perhaps BNSC has
not been as good at doing.
Malcolm Wicks: I do not see the case for a separate
body.As I say, I am interested in the argument about
the evolution of the BNSC. That is not to say that
there is going to be some great announcement of
change. I am just being honest with you about trying
to assess the pros and cons of an agency as opposed
to what we have now. There are so many issues for
those of us interested in governance that cut across
departments and it is often easier to bring it all
together into a new thing, a new ministry or a new
non-departmental public body—people can pick
and choose—but you have got to be a little bit
sensible about this and, as I say, against that is the
fact that perfectly legitimately a number of diVerent
agencies and government departments have an
interest in space technology. It is a cross-cutting
issue for many departments.

Q612 Adam Afriyie: So you are saying that you
would not entertain the idea of having a separate
body that plugs the gaps where the BNSC is perhaps
not filling it?
MalcolmWicks: It sounds a bit ruthless “I would not
entertain it”; I do not see the case for it at the
moment, no.

Q613 Dr Turner: A couple of the major players on
the scene just amalgamated to form “Swindon Town
Football Club”. What eVect do you think this is
going to have on the eVectiveness of the BNSC?
Malcolm Wicks: Just remind me about the
importance of Swindon Town Football Club.

Q614 Dr Turner: The amalgamation between
PPARC and the CCLRC. It is just an easy way to
remember the acronym.
Malcolm Wicks: The football club has a very
proud record.

Q615 Chairman: The Science and Technology
Facilities Research Council.
Malcolm Wicks: I understand what you are saying.
We have discussed before the reason for bringing
that together. It seems a sensible amalgamation to
have taken place and given the importance of that
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new now amalgamated research council that puts us
in a stronger position to fund appropriate space
science and technology, so I think it was a good
move otherwise we would not have agreed to it.

Q616 Dr Turner: Do you think it will be a stronger
driver than the two were separately in the past?
Malcolm Wicks: I think the two separately did a
good job but I think it will be a stronger driver, yes.

Q617 Graham Stringer:Why does the UK employ a
user-driven approach to space?
Malcolm Wicks: A user-driven approach to space?

Q618 Graham Stringer: Yes.
Malcolm Wicks: I think that is not wholly true.
Obviously in terms of applications, Defra’s interest,
Transport’s interest, I think the answer to that is
fairly clear, is it not, but I think in terms of the role
of the research council and the work in universities
that there is a lot of basic research going on. Is that
not right?

Q619 Graham Stringer: Well, it is normal for us to
ask the questions. You said that space is very
exciting, the “to boldly go” attitude to space
exploration and scientific discovery, but, as I
understand it, we will wait for Defra or whichever
department to decide they want something, and that
is what I mean by a user-driven approach to space.
What I am interested in is whether you think that is
the right approach and what are the benefits and
disbenefits of that approach?
Malcolm Wicks: And I had the temerity to ask a
question back to tease out exactly what your
question was about.

Q620 Graham Stringer: I am sorry if I was not clear.
MalcolmWicks: I tried to answer this earlier. If you
look at the sources of funding then it backs up your
argument that there is a lot of user-driven
application here. I do not think I apologise for
that—the MoD, Transport, Defra—but if you look
at the contribution from the research councils, and
obviously one would then need to look at that
expenditure to see how much of it is about
innovation as opposed to basic research,
nevertheless PPARC, as it was then in 2005-06, was
spending £75 million on research. The Natural
Environmental Research Council was spending £53
million and some of that would be in what I guess
one might call basic or pure research. It is very
diYcult. It raises a question of course about what
you mean by basic and applied. The work I heard
about in Antarctica in terms of how satellites are
helping them to understand what is happening to
Antarctica complementing themuchmore hands-on
work there with ice cores and is that basic or is that
applied? Actually it is a bit of both but I think I
would contend, Mr Stringer, that there is quite a lot
of, as it were, non-user driven work going on, and
rightly so in my judgment.

Q621 Graham Stringer: Where it is user-driven do
the departments have the skills and expertise really
to engage sensibly in the discussions to set up these
projects?
MalcolmWicks: I only hesitate there because I think
one of the strengths of having the BNSC—David’s
organisation—is that at somewhat arm’s length we
can develop that expertise. I do not think it would be
appropriate if a traditional pattern existed whereby
civil servants, however good, in the DTI would try
to second guess on these things. I think that is why
the BNSC has been established and also it is why in
these areas the research council makes the
judgments and not the minister or the oYcials.

Q622 Chairman: The BNSC has no powers, it is just
a collection of individuals who put money into the
pot. Who drives the policy? You obviously do not,
Minister, and the individual departments are
actually leading on individual programmes, so who
actually pulls it together, because you have no
power, David.
Malcolm Wicks: I think David should be able to
respond to that.
Dr Williams: I think we have more power than you
think. To answer your question, take the specific
example ofGalileo, Transport have decided that this
is the way to go for reasons they wish to and we act
as the technical interface to the European Space
Programme, bringing technical expertise to help
them to do that on the budget we have for national
activity. At the same time of course ESA is our
organisation. We own ESA and when ESA have a
future programme of activities that is approved by
the Member States it is the UK programme to a
great extent. The diYculty we have had in one or two
programmes is making sure that ESA do what we
ask them to do, and that is where the technical
expertise in the UK is important. In terms of user
departments defining what they want, I have no
problem with that. In terms of translating that to a
specific space programme where it is needed I think
we have the right mechanisms, through the
programme in the UK, although we have talked
about strengthening the national programme, and
through the European Space Agency, which is our
major technical agency to do that.

Q623 Graham Stringer: This is beginning to sound
like an abstract discussion. The European Space
Agency have been quite critical of Defra’s role with
GMES and they do not believe they have got the
expertise and they think that that project has been
transferred from the DTI too soon, so it is not just
an abstract conceptual issue, there is real criticism.
Dr Williams: On that one there are two issues here,
who leads in defining what is required and how it
should be seen as an operational service and who
then engages to do the debate. OnGMES it is BNSC
headquarters staV working for me who have
engaged with ESA on the debate. Some of them are
Defra staV on secondment and some areNERC staV

on secondment and some are amix of people.Where
we have made big strides in the last few months with
Defra we now have agreement with them on the
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importance of operational observations for climate
change (which go beyond space but space is
involved) and we are now in the second phase of
debate with them on how that could be established
in the context of theOYce ofClimate Change, which
is the inter-ministerial led body in Defra that is
supposed to look across at climate issues. If you
translate that to the GMES programme where ESA
are critical, as I have said before, the reason they are
critical is because we are not putting money into it.

Q624 Graham Stringer: So it is definitely not about
expertise, it is about cash?
Dr Williams: It is about cash. I think we have a
diVerence of opinion with the majority of Member
States on what the role of GMES should be and we
have two major issues. One is it is not focused on
climate change, it is focused on other issues. The
second is it is not going to be in operational service,
it is a series of one-oV satellites. I said this last time.
It does not give this horizon that allows them to
switch over their operational service but we are
working on that and we are working with Defra.

Q625 Dr Spink: In this area on GMES in particular
who has the executive responsibility, who pulls the
whole thing together, is it Defra, NERC, DTI or
BNSC? Who actually makes the policy and makes
the decisions?
Malcolm Wicks: It is a Defra lead.

Q626 Dr Spink: But do they actually lead?
Dr Williams: As I say, in the last three months we
have got to this stage of having a specific document
which shows that they have accepted there is an issue
surrounding operational observations for climate
and some of the issues are in the light of the Stern
Report which says we must improve our ability to
forecast climate, and to do that we need
observations, and it goes beyond space, so I thinkwe
have moved on quite a long way and that has been
negotiated between DG Environment, Bill Stow,
and Sir Keith O’Nions using BNSC staV and Defra
staV to create the document.

Q627Dr Spink:But where there is conflict on policy,
as there is onGMES, between our country and other
countries you need great clarity and certainty on
where we are going and why we are going there and
it seems tome that this is verymuch shared and fuzzy
rather than focused?
Dr Williams: I would honestly disagree. At the
practical level there is no disagreement.We have had
a clear policy line that we have been following and
going to cross Whitehall meetings as appropriate at
a working level and we have been putting this
message across for quite a long time.
MalcolmWicks: Since DrWilliams appeared before
this Committee there has been a great deal of work
between our Department, BNSC and Defra on this,
as Dr Williams has outlined.

Q628 Dr Turner: We are getting the strong
impression that there is something of a disconnect in
the earth observation field. For astronomers and

physicists it is great because they are actually the end
users of the data, they are the interpreters, they know
the shortcomings of their instrumentation, they have
the expertise to design their next instrument to
counter that, whereas people doing earth
observation do not have the space expertise and they
may have a discontinuity in the availability of
appropriate instruments, appropriate satellites, so
they are not getting the constant data streams in the
form necessarily that they want. Is there a
mechanism for joining those up to ensure that the
instrumentation that is really needed to fulfil their
needs is provided and provided on a continuous
basis?
MalcolmWicks: I hope that is the kind of issue I will
discuss with my ministerial colleagues. As I say, I
have seen the need to bring together informally at
first (I am not announcing some brand new
ministerial committee) ministers and when I say
across Whitehall I mean across the relevant
departments to discuss this kind of issue. In other
words, have we got the balance right between
departments perfectly properly having their own
objectives and using space technology as a tool, just
as they use other tools for analysis, and making sure
that we can be more holistic, are there some issues
that are falling down the cracks a bit?
Dr Turner: Would you agree that this is possibly a
job which if BNSC were to devolve into an agency
and recruit that expertise within it it could provide
that service?

Q629 Chairman: And then drive the policy?
Malcolm Wicks: When you say drive the policy,
Chairman—

Q630Chairman: It seems like serendipity listening to
this discussion.
MalcolmWicks: I had better not ask you a question
because I am not allowed to do that but when you
say drive the policy, this is what I am trying—

Q631 Chairman: Can I just give you a very simple
analogy to say I love cars but I know nothing about
them. I am an end user in that I go out and buy one
and I depend on somebody driving those
technologies. If I was driving the technology we
would still be in Model T Fords, and that is the sort
of impression which the Committee are getting,
correctme if I amwrong, about what is happening in
terms of space policy. It has not got that dynamism
about driving it forward because nobody seems to be
in charge of it.
Malcolm Wicks: That is your judgment, Chairman.

Q632 Chairman: Of course it is.
Malcolm Wicks: At this preliminary stage.

Q633 Chairman: No, it is a comment at this stage.
Malcolm Wicks:We have just got to make sure that
we have got it right what we mean by driving the
policy. You are obviously right, it would be absurd
if four or five diVerent departments felt they had to
become expert in robotics.
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Q634 Chairman: Absolutely.
Malcolm Wicks: Or satellites. Of course that would
be absurd, there has to be a central pool of expertise
and I think that is where BNSC do important work.
It is why as my colleague has explained, there are
now significant discussions going on between
ourselves and Defra about GMES. That is the
reason. What we cannot drive of course, and we
should not try to drive is the actual application of
those technologies across a range of departments. It
will be for departments to make their own judgment
having taken advice on whether certain space
technologies are appropriate or not.

Q635 Chairman: So BNSC is really a service
department? It services other users?
Malcolm Wicks: It is a centre of expertise and it co-
ordinates. Yes, it provides, in part—it is not its
whole application—advice to services users,
perfectly properly.

Q636 Chris Mole: I wanted to ask Dr Williams if he
recognised the argument within ESA that, actually,
a user-driven approach was something they
welcomed the UK bringing to their development of
space technologies, because some of their
development in the past has, perhaps, been supplier-
driven rather than user-driven.
DrWilliams: I think that is where theUKhas always
been very strong and, to some extent, out on a limb
within ESA. We have said that things need to be
done for a purpose, and when we say “user” we
mean the science—it does not have to be the man in
the street. Yes, we have always said that the
established facilities, the established technical
programmes and the established technical
programmes to develop centres of technologies,
instrument technologies and system technologies,
they should be focused on what they are trying to
achieve as an output in a particular area. We try and
drive that into them, and it is always a conflict that
there are people there who like doing technology and
like doing technology. I have a lot of time and
respect for the whole of ESA’s system, and I think it
is very important for us, but there is no doubt that
there are facilities and activities going on there that
will never lead to anything—other than more work.

Q637 Graham Stringer: In your discussion with
departments, do you have diYculty in—or do you
try to persuade them to look for space based
solutions? Is that the nature of your discussion with
them? Do you say: “You can do this in a diVerent
way and you need to look to space?”
Dr Williams: In the areas where I have discussions
with other departments since I arrived, we have had
a discussion, first of all, about where their policy is
going and what issues they are trying to address.
Then we follow that up, in the same discussion and
debate, about where we feel that space systems can
help them solve it. For example, when we talk with
the Home OYce people from St Albans they are
interested in one area, which is prisoner tagging. Can
satellites help in that? We think it can in the future
with Galileo because it has the ability to look inside

buildings. They had an issue about marine
surveillance and security where you can spot a ship
or a boat but do you know what it is doing, and you
have to integrate knowing that there is a boat there
with the telecoms traYc from the boat to land, which
is very often going through a satellite—this is back
to the applications on security. So you are
integrating information flows to try and help them
solve their problem, and you are not going there and
saying: “We have got all this technology, what can
you do with it?” We have not done that at all. With
DFID we had a meeting about their ambition of
developing country support, and then, as they were
looking at disaster management, we explained how
the disaster constellations that exist in the UK and
how space in general, can help them. The debate
then warmed up and they take to it. So it is not
throwing things at them; it is a real debate about
services.

Q638 Graham Stringer: Is there any resistance to
space based solutions?
Dr Williams: Only when you talk about money.
MalcolmWicks: Can I say, just to interject here, my
colleague has explained how we are helping other
departments already, or BNSC is. I think we can do
more on that because as we develop this expertise, as
we have a network of satellites, I think—and I gave
the example through social policy maybe, maybe
not, the monitoring of people with dementia or
Alzheimer’s—we can be more proactive in
approaching other departments and other agencies
to at least introduce themmore to the possibilities as
opposed to other tools and mechanisms in terms of
fulfilling policy objectives.

Q639 Graham Stringer: When you go for the user-
driven approach, are there any conflicts between
security—Ministry ofDefence—issues and the other
more benign issues?
Malcolm Wicks: Well, clearly, the MoD, perfectly
properly, will have its own agenda, it has got its own
objectives, but I think in terms of development and
technology there is, clearly, a lot we can do together,
but, for reasons you will understand, we have to be
a bit careful.

Q640 Graham Stringer: I understand that, but does
it lead to any practical problems in implementing
these programmes or approaching developments
with a user-driven approach?
Dr Williams: It is not so much a user-driven
approach. There are two issues on security and the
MoD. One is that within Europe services that in the
UK are civilian, the marine coastguards, passport
control and some of the Home OYce functions, are
actually military functions in other countries in
Europe, so there is a boundary variable. In terms of
employing money, the issue we have is always that
we cannot employ civil money to meet a purely
military goal and, similarly, military money should
not be used to meet a civil goal, if it is only a civil
goal. Where you have got the dual technology you
can try and work together but there are some
practical diYculties. I think we are trying to
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overcome them in the basic joint technology
programme that we are trying to establish, which I
think addresses some of your concerns about driving
the technology policy; if we get that technology
programme running it does allow us to have an
underpinning technology capability that sits behind
the user-driven approach.
Chairman: I think that is probably the best way of
also incentivising business as well—the point my
colleague made about SMEs—because you bring all
those into that particular agenda. Thank you very
much indeed.

Q641 Dr Turner: Malcolm, you have finished the
consultation on space strategy now.Would you care
to comment on the quality and number of responses
you have received? What is your timetable for
publishing the resulting strategy?
Malcolm Wicks: I think we have had a good
consultation. We have had a significant number of
submissions (I am trying to think howmany—100 or
so, it tells me here)—130, I am suddenly reminded.
We have had a number of replies, quite a lot from
private individuals but, obviously, quite a number
from institutions. We have been pleased with the
consultations and we are just trying to assess them
now. Our plan, come the autumn, is to publish our
response in terms of our space strategy. So, if I may
say so, this Committee’s inquiry fits very well into
our own timescale.

Q642 Dr Turner: Do you think we will see any
change in the balance between the three key issues
involved in the strategy? Will you want to advance
one more than another, or whatever?
MalcolmWicks:Our objectives to-date have been, I
think, ones that you would be familiar with. One is
delivering world-class science in this area; secondly,
delivering public benefits, in partnership with other
institutions, and I have already said I am just
wondering whether there is a part of the public
policy agenda which we have not yet tackled.

Q643 Dr Turner: We will have transponders for
grannies?
MalcolmWicks: I was about to say there will always
be those who trivialise, but then I suddenly
remembered I was in front of a rather august Select
Committee and that would appear rude! I would not
laugh at these things. Surely, if satellite technologies
can help us monitor and traYc, there are even more
laudable purposes that we can use them for.

Q644 Dr Spink: Would you allow me, since I
mentioned transponders for grannies? In fact, it
might be very useful to a granny who falls over and
breaks her hip in her home to signal to someone that
she needs help.
MalcolmWicks: If you combine the technology that
now exists in terms of the health monitoring of
individuals, with satellite technology—

Q645 Chairman: I think we have been here! Listen,
at my age I am convinced this is an area you should
be moving down, Minister!

MalcolmWicks: It was not me who reintroduced the
subject! So public benefits, but also the economic
and commercial aspects of this in terms of this
becoming an important part of the British economy.
They are the objectives to-date. I do not think they
will radically change but there is no point us
consulting and, not yet having read all the responses,
coming to our conclusion now.

Q646 Dr Turner: If you do come up with any
significant changes in the strategy or emphasis in the
strategy, will there be enough money to fund them?
Malcolm Wicks:Well, the relationship between the
money available and the strategy is an interesting
one, is it not, and I am not going to talk about the
Comprehensive Spending Review—that would not
be appropriate for me to do so.

Q647 Dr Turner: That is a shame; I was going to
ask you!
Malcolm Wicks: Clearly, we need to secure the
resources that we require. Already, I think,
Britain—and you have got the table and I have
recited the figures—is spending quite significant
amounts of money in the public sector on space and
in the private sector there is a lot of investment. I
think, and it relates to an earlier question, compared
with some other countries, to be blunt, we are
spending our money in a more rigorous and cost-
eVective way, partly because of the desire to apply it
to practicable problems and to pick very carefully
what European projects we back and which ones we
leave others to back.

Q648 Dr Turner: I was going to ask you anyway,
Malcolm, although you are clearly a little reluctant
to pass much comment on it, the implications of the
early announcement of the CSR as far as science and
technology is concerned; the 2.5% per year growth in
real money terms.How do you see that impacting on
space research?
Malcolm Wicks: The actual increase for the science
budget at the DTI is 2.7% per annum in real terms
going forward, so it is a very considerable
investment in science. Given the important role of
one or two research councils in this area, this, all
other things being equal, can only be good news for
space science. The other thing worth remembering is
the recent European settlement, Chairman, FP7—
Framework Programme 7—which has just been
agreed by the Commission and the Parliament,
which shows a very considerable increase in money
available for research. As part of that there is a
stream for space science. I am trying to think of the
figure we can give you.
Dr Williams: 1.4 billion euro in total.
MalcolmWicks: I am very excited by FP7, generally,
because it is based on excellence. It is based on the
quality of applications and in the past, not
surprisingly given the excellence of our scientists, we
have had, as it were, more than our national share of
that budget. There is no reason to think that should
not be the case for space science as well.
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Q649 Dr Iddon: I want to come to manned space,
and Britain’s possible part in that. You referred
earlier, Malcolm, to a meeting you had had with
Michael GriYn, and the agreement that is going to
be signed by Sir Keith tomorrow. Following that
meeting, you said, and I quote you, that: “this
millennium’s great adventure” is probably going to
be manned spaceflight. What do you see as the likely
timescale for that and will Britain be a contributor,
following your meeting with Michael GriYn, in
manned space at some time in the future? David
Williams told this Committee that he did not see a
need to make a decision on that, certainly in the next
10 years. Are we bringing that decision forward?
Malcolm Wicks: What the best evidence and what
the science tells us, at the moment, is that man’s/
woman’s exploration of space should not be a
priority for the United Kingdom. Given the
scientific objectives, there are other mechanisms to
achieving the data and improving the science. That
is the advice I am receiving, I think it is probably the
advice the Committee will have received, and I have
found no reason to second-guess that scientifically.
Having said that, however, and I started oV in this
way, I think there is an instinct among people to
further explore and to further explore space. We
have all noted NASA’s really very ambitious plans
now tomove towards a base on themoon, partly as a
base to do scientific research but then to think about
exploration of Mars, and my own judgment about
that (and I am not contradicting myself, I do not
think) is that that exploration should involve Britain
to a very full extent in terms of our contribution to
technologies. If, in the future, that enabled British
men andwomen to explore space (and I think we are
talking about quite a long-term future) that would
be wholly appropriate. I think it would be a
wonderful thing. It would be, particularly, a way of
engaging young people in the importance of space
and the importance of science. I think it has impacts
that go beyond, although they include, the purely
scientific.

Q650 Dr Iddon:Was this a point of discussion when
you met Michael GriYn? Did he put you under
pressure about manned space?
MalcolmWicks:No, therewas no pressure at all but,
clearly, NASA are very keen to collaborate with
other partners including the United Kingdom. They
have a great deal of respect for our areas of expertise,
and the agreement that will be signed shortly by Sir
Keith O’Nions with NASA really symbolises, I
think, our enthusiasm about working together on
certain aspects of space.

Q651 Dr Iddon: The whole of this discussion this
morning andmany of the discussions we have had in
this area on this inquiry have suggested that Britain
is only prepared to invest in space research providing
it has some commercial return. Are we prepared to
invest in blue-sky research, if you will pardon the
pun—work that might not bring a commercial
return? Is there any evidence that we are doing that
at the moment?

Malcolm Wicks: Yes. As I say, we discussed earlier
the balance you need to strike in all areas between
what you might call pure and what you might call
applied, although I noted that sometimes there is a
blurring, perfectly appropriately, of those two
aspects. The answer has to be yes, it is very
important, and I think this will largely be through
our research councils, that we do invest in basic
research in terms of astronomy, robotics, IT and the
rest. It is very important that we do that. Although
we are all concerned about innovation and
commercial exploitation, that is not the whole
purpose of science, knowledge and research. The
quest for knowledge for its own sake has to be at the
heart of any decent science policy.

Q652 Dr Iddon: It appears to me we are a key player
in the Aurora programme. Are we able, having
signed up to that initially, to pull out of that
programme if it moves from robotic exploration of
space to manned exploration of space, as it
inevitably will with the aim to land on Mars
around 2033?
MalcolmWicks: Let David give you a better answer
on that.
DrWilliams:We are, because there has already been
an attempt to do that by ESA by changing the
declaration. We very specifically blocked a change
that would involve the UK being automatically
committed beyond the robotic phase. So they have
now had to separate the way they have structured
the financial, legal framework to the programme to
make it clear that one part is robotic and one part
can be something else. We are very alert to that sort
of issue and it is not because we may not, in the
future, want to go there, it is because at the moment
we have to go where we have got authority to go to
as an organisation and agency. That has been picked
up very specifically at the present time.

Q653 Dr Iddon: Thank you. The Space Exploration
Working Group. Are you able to indicate early
findings of that or is that something that is a bit
hush-hush at the moment?
Dr Williams: The global exploration—?

Q654 Dr Iddon: BNSC has set up a Space
Exploration Working Group, composed of 22
scientists. That is the one I am referring to.
Dr Williams: That is in response to the big global
exploration working group. I think that is still too
early. They have only met between them one or two
times and I have not seen any output from them at
this stage, I have to say.

Q655 Dr Iddon: Any timescale on that?
DrWilliams:We are hoping for it in the timescale of
the strategy, so that we get something before the
summer.

Q656 Dr Spink: Minister, you said, wisely, to Dr
Turner about 15 minutes ago that we, as a nation,
spend our small space budget probably more wisely
and more carefully than some other nations do, and
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we are delighted to hear that. However, you cannot
really do space without launchers, so do we not
spend much money on launchers in this country?
Malcolm Wicks: Because you can do space without
British launchers, I think, is the very simple answer
to that question. Once upon a time it would have
been very diYcult to launch something into space
without your own launcher but I think the advice
and the empirical evidence now is that that is no
longer the case, and I think the test for that so far,
through you, Chairman, has been that we have
found no problems in Britain in actually launching
satellites into space; either through the Americans or
the Europeans or using Russian launchers there
seems to be quite a healthy market, as I understand
it, in launchers. Would it be sensible for us, for the
sake of it, to have our own launcher system? Our
judgment is no.

Q657 Dr Spink: That is certainly the evidence that
would be given by David Williams. David, you
probably are aware by now that we have received
contrary evidence to that from Jean Jacques
Dordain, the Director General of ESA, who told us,
and I quote: “I am not too sure that [you] can find a
launcher anywhere any time on the market”. He was
really giving a contrary case to the one that you gave.
Can you explain, please?
Dr Williams: I think that is availability of product
rather than availability in terms of conceptual
buying. The current problem, and there is a short-
term problem, is that a certain sea launcher has
failed, as a result future orders have switched to
other launchers and, as a result, the launcher market
is sold out. It is not that you cannot buy one, it is that
the market is currently saturated. Whether the UK
is in the Ariane programme or out, that would not
change. The market is there to buy launchers. At the
particular moment in time, whether there are
enough launchers being built is another issue,
whether you have to wait for a launch. I think Jean
Jacques was giving a diVerent answer; it was not that
you cannot go out and get a launcher, it was that you
might have a problem finding a launcher at a specific
moment in time because of the number of launchers
physically available in the world.
Dr Spink: I am sure we will examine the semantics of
that very carefully.

Q658 Chairman: I do not understand that at all.
DrWilliams: If you want to buy a car and you want
a certain model, and it is not available for six
months, you have to wait six months, but you can
still buy the car.
Malcolm Wicks: You are saying there is a queue.
Dr Williams: There is a queue for the launchers,
certainly.

Q659 Chairman:We create a market opportunity?
DrWilliams:Yes, and then the companies that build
launchers are trying to respond to that, but there is
a time-lag. You cannot suddenly build three to four
extra launchers in the next couple of weeks.

Q660 Dr Spink: We are spending about five million
a year on Ariane, of course, the ESA launcher.
Given that there is this market opportunity now, and
given that there are some skills in this country and
technological expertise, why is the Government not
prepared to put some seed corn funding into
launcher development in this country?
MalcolmWicks:Again, if one says no at themoment
I do not think that is no forever. As I say, the
judgment we have had is that the development of our
satellites has not been inhibited greatly by a lack of
launchers. We have just heard that there is now
something of a queue. If the situation changed then
there may be a public policy case, there might be a
commercial argument, for developing launcher
facilities but we do not see that as priority at the
moment. I do not think, to be blunt, we can do
everything in space here, alone in the United
Kingdom; we do a number of things very, very well.
I think the advice I am receiving at the moment is
that it would not be sensible for us to invest in a
launcher capability.

Q661Dr Spink:Do you accept,Minister, that things
are changing and demand for small launchers may
increase, particularly given the development of
space tourism, which is possible? We are thinking of
Virgin Galactic, for instance.
Malcolm Wicks: The little I understand about that
project suggests that theymight be using, I think, the
United States to help facilitate that interesting
project. Presumably, the other way of looking at this
is that as a number of countries get involved in space
the market will grow in terms of launchers. We will
keep this under review but, again, I repeat, we do not
see this as a priority at the moment.

Q662 Dr Spink: Do you think that space tourism
might have a part to play in generating public
excitement and interest in space and, therefore,
getting kids into physics, or do you think it is fairly
irrelevant?
Malcolm Wicks: I suppose it would generate
interest, and I think our role, in terms of BNSC and
as Government, is not to encourage or discourage, it
is to help facilitate in terms of advice and the
regulatory framework. I am bound to say,
Chairman, I think the environmental impact in
terms of carbon emissions might be something that
should be looked at most carefully in judging
whether this is a societal priority.

Q663Dr Spink:We took evidence from themon that
actually, and that will be in our report, I am sure.
There is a potential opportunity in space tourism. In
order for this country to take advantage of that
opportunity we need to change regulations and we
need to develop regulations. Who do you think
would be the best body to lead in developing new
regulations so that Virgin Galactic can move their
project forward, if you think that is worth doing?
MalcolmWicks:That would be amatter for the DTI
taking the lead working with the BNSC and, no
doubt, other regulatory authorities in terms of, I
guess, passenger safety and the rest. Mr Chairman,
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I am bound to say that of all the exciting things we
should be doing in space, in terms of pushing back
the boundaries of knowledge, in terms of space
exploration, in terms of using satellite technologies
for environmental and social and economic benefits,
of all the things I am excited about space tourism is
not at the top of my list.

Q664 Dr Spink: You have not booked your ticket
yet?
Malcolm Wicks: No.
Chairman: Thank you very much. I am sure that
your comments will echo a lot of the comments on
this Committee too. Can I move on to Adam
Afriyie?

Q665 Adam Afriyie: The UK Government’s
investment in space is about £200 million, which
equates to approximately 0.02% of our Gross
National Income. This is about half the EU average
investment in space. You indicated earlier that you
are pleased with the return on investment we achieve
in space, so my question is why is the UK
Government’s expenditure, relatively speaking, so
low?
Malcolm Wicks: Because we are sensible, we are
careful, we scrutinise things properly—

Q666 Adam Afriyie: Even if you have a great return
on investment—you do not want more of it?
MalcolmWicks:We back projects that we think are
important, both in terms of basic research and what
you might call applied research, and user
application. I am not going to sit here and say
£207.61 million is absolutely the right figure (there is
a spending round coming up—I will not say any
more about that) but there should be appropriate
investment. I have indicated, and the Committee has
indicated, this is a very important and developing
area of, if I can quote, public policy and there may
well need to be more investment in the future. I am
sure there will be, both from the public and the
private sectors, but at the moment I feel pleased with
the amount of money that we are investing, and
pleased about the way in which we are investing it. It
does not mean that every penny is well-spent—there
will be problems at a European level—but I think
our approach has been proportionate, careful and, I
think, significant.

Q667 Adam Afriyie: I was chatting with my wife this
morning and, Minister, we both agreed that you
seem to be an amiable fellow and that you listen to
people. UK Space, among others, has told us that
“GMES remains 75% under-funded by the United
Kingdom”. I wonder, have you listened to what the
industry have been saying? Do you accept their view
and, if so, what plans do you have to increase the
expenditure in that specific area?
Malcolm Wicks: On GMES?

Q668 Adam Afriyie: Yes.
Malcolm Wicks: Please give your wife my very best
wishes, and compliment her on her judgment. Letme
ask David to talk about GMES.

Dr Williams:We have gone round this buoy several
times. The issue there is that it is under-subscribed in
the development phase, and the reason why the UK
has not gone into the higher level is because at the
moment the programme is not deemed to meet the
policy requirements of government. The GMES is
aimed at public good not at commercial priority; it
is aimed at the public good of environmental policy,
of disaster management and security. In that
context, it is not seen to be delivering what policy
departments want to do their work. The main
department we are engaged with is Defra; they are
interested in climate change, they are interested in
long-term observations. While we negotiate that
with the ESA programme developers and we
negotiate with the user agencies or departments on
funding, we have a mismatch and that may continue
becausewe are selective and it would bewrong to put
money into a programme that will not deliver at day
one what we perceive is necessary to meet the policy
objectives.

Q669 Adam Afriyie: So when it comes to GMES
then the Minister, or the department, will not
necessarily be listening to what the industry wants?
Dr Williams: It is listening but the industry is the
juste retour industry: “Please put money into ESA
because we get work out”. The rationale for putting
the money in is partly that—and we have had this
debate already today—butmainly because it is going
to allow us to have informed policy making on the
environment. We have got to get that bit right as
well.

Q670 Chairman: Can I just follow this up with you:
one of the main concerns that have been brought to
us is that at 2000–01 £18.2 million was being spent
by theDTI on space. In 2005-06 it had gone down to
£4.9 million. We were actually talking, also, in terms
of the underpayment on GMES, yet number two in
terms of your space strategy is, in fact, and I quote
it here: “To create opportunities for commercial
exploitation of satellite systems”. The simple truth,
Minister, is that if we are not actually putting in
additional resources we have not a cat-in-hell’s
chance of getting the industrial return which is so
absolutely crucial. We cannot get the ESA contracts
if we are not going into the optional programmes.
We have to go into the basic programme according
to our GDP, so we are actually committed to that
anyhow, but in terms of actually bidding into the
optional programmes and in terms of bidding into
programmes with the India space industry and the
Chinese space industry, we are out of the game
unless we invest more. We seem to say: “This is a
superb industry” and yet we are cutting back on
investment. Surely that does not stack up, Minister.
Malcolm Wicks: We need to make sure we are
talking about the same arithmetic on this. I may
have misheard you, Mr Chairman, at the beginning,
but we have already talked about how—

Q671 Chairman: You are putting money in through
ESA, I accept that, which is in two lumps; one goes
in through the basic programme and one goes in
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through the optional programme, and the DTI as
well has its own budget which it has cut year-on-year
in terms of expenditure on space. Does that not send
out all the wrong signals?
MalcolmWicks: As I say, there is a spending review
coming up so I do not want to prejudge any—

Q672 Chairman:We have had the spending review.
Malcolm Wicks: No, the Comprehensive Spending
Review.

Q673 Chairman: You know what the answers are.
Malcolm Wicks: The Comprehensive Spending
Review is still ongoing. I hear the figures you are
saying and I am not saying they are wrong but I do
ask you to look at the over £200 million that
Government, one way or another, is spending on
space. It is quite a considerable total.

Q674 Chairman: Minister, if we have got 7% of the
global market in terms of space, that is a huge slice
of any global market.
Malcolm Wicks: Yes.

Q675 Chairman: The point I am making to you,
which is the point that the industry has made to us,
is that unless we are prepared to continue to invest
and increase that investment then we are not going
to have the increased share of a global market that is
going to escalate—which you have already said will
escalate—over the next 10 years. What this
Committee would like, I think, is to hear from you
has theGovernment got a commitment to additional
expenditure in space or is it just simply “Steady as
you go; we’ll keep things as they are?”
Malcolm Wicks: I cannot talk about the future
because the Comprehensive Spending Review—

Q676 Chairman: What is your view, though,
Minister?
Malcolm Wicks: My view is that in 2001–02 the
Government was spending £169 million on space
and the latest figures for 2005–06 are that it has gone
up from £169 to £207 million.

Q677 Chairman: What is that in real terms? Is that
in real terms?
Malcolm Wicks: It may not be. Let me give you
those figures later; let us make sure we have got the
same arithmetic on this.

Q678 Chairman: But the point I am making is one
you will take on board and, perhaps, give us a
response to.
Malcolm Wicks: I must not ask questions, but there
is a suggestion here of some gloom. One can turn the
thing around, surely. You could say that if we are
doing so badly, as maybe is being suggested—

Q679 Chairman: Not at all.
MalcolmWicks: If we are doing so badly, why arewe
doing so well? We are doing well in terms of the
number of companies—small, medium-sized and
larger companies—we are doing well in terms of
employment, we are doing very well if it is 7 or 10%

of the global space market. If we are doing that well
it might actually suggest the Government could even
be in the right place on this one in terms of how it
spends its money. Do we need more investment in
the future? Yes, of course we do, public and private,
and we will try to achieve that.

Q680 Chairman:Minister, one of the issues that has
been constantly put to us is that we are actually
living on past investment in this area. You do not
agree with that?
Malcolm Wicks: No, I do not agree with it but I am
not complacent. Clearly, commercial interests will
come to a Select Committee, they will come to a
Minister, and—surprise, surprise—they will call for
more taxpayers’ money to fund their exploits.We all
understand that. Appropriate investment in the
future will be made.

Q681 Graham Stringer:What we are really asking is
why has the investment from the DTI gone down?
Dr Williams: This is the national spend from the
DTI. That has gone down. TheDTI used to have the
money that is in NERC and some of the money in
what is now STFC. When that split was made some
of the money went out and there has been a
reduction. That was, I think, as we all know, why in
the current CSR we have a bid in for a national
technology programme. That will redress a lot of
that balance, depending on howmuchwemanage or
manage not to get from the process.

Q682 Chairman: I was particularly struck by a
comment that the UK Space Academic Network
made, which was this: “that the declining resources
in the past decade for the national programme
means that we are living on past investment in a
situation exacerbated by the lack of a coherent
national space strategy”. That, really, is at the heart
of what we have been trying to discuss. Do you agree
with that comment?
MalcolmWicks: I do not agreewith that, by theway,
because—you say it is the academic group?

Q683 Chairman: Yes, it is the UK Space Academic
Network.
Malcolm Wicks: I am often puzzled by the way
people talk about DTI expenditure. It just so
happens that we fund all the research councils, the
DTI, on behalf of the taxpayer. PPARC’s
expenditure (we will look at the real figures for you)
has gone up since 2001 from £42 million to £76
million, and the National Environmental Research
Council from £10 million on space to £53, almost
£54 million. It is actually DTI money, perfectly
properly, spent at arm’s length through the research
councils. The academic community, I am sure,
recognise that.

Q684AdamAfriyie: So you are comfortable and you
are confident today that a UK share of investment,
or market share in space industries, will continue at
the current level or, if not, improve with the current
government policy?
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MalcolmWicks:What I feel confident about is that,
by and large, we are in a good place, at the moment,
across the piece, both in terms of commercial
exploitation, the interests of a number of significant
government departments, and feel very confident
also about the academic and scientific base. Really,
I am not complacent at all. This is a growingmarket,
it is going to be measured in trillions in the future,
and it is absolutely important that we make wise
judgments, as it were, together to make sure that we
maintain and improve our position. I am sure there
is more that is needed and there will be a need for
more public investment, and certainly that will come
through the science budget, and there is going to be
a need for more innovation, so we make sure that
entrepreneurially we are in a very good place.

Q685AdamAfriyie: So if our percentage share of the
world market goes down over the next two or three
years you would be stunned and amazed because
you believe the current policy is about right?
Dr Williams: I cannot answer that question. On the
investment side, we are making decisions at the
commercial end of the market and we recently
agreed, through the Minister and through the DTI,
to find money for a programme, Alphasat in ESA,
which is a telecoms programme aimed at the
commercial market. So we have moved from a
blanket subscription to a mode on the commercial
side of looking at the case, and we are making
decisions. We made that decision four or five weeks
ago. The national programme is a diVerent debate
and that is where we have made a conscious eVort in
the CSR to address that issue, and I await the
outcome of the CSR.
Malcolm Wicks:We think, at the moment, that the
overall contribution to the UK GDP is about £7
billion. The estimate is that—I need to read this out
so that we can record it properly—the compound
average annual growth rate between 1999 and 2005
was some 10.2%. So that is why I am confident we
are not in a bad place at the moment.

Q686 Mr Newmark: It all depends from what base.
You cannot use a compound annual growth rate
statistically if you start oV from a very low base. It is
an interesting figure you use but you can only use it
in the context of where you started from. Anyway,
the question I would like—
MalcolmWicks: Turnover is about 4.8 billion at the
moment in theUK.Yes, it is not the biggest industry
in Britain but it is moving ahead in the right
direction, and we should not talk it down.

Q687 Chairman:Minister, can I say that nobody on
this Committee is talking it down at all. We actually
feel, in terms of our inquiry, that the space industry
is one of the most exciting, most virile and most
entrepreneurial industries that, certainly, I have met
since I have been on this Committee. What we are
trying to argue is that the Government also
recognises that and recognises that for every pound
that is put in it gets a phenomenal return of money
to the taxpayer. That is a comment.

Malcolm Wicks:Which we do, I think.

Q688 Mr Newmark: During this period of time, has
there been a significant amount of private sector
investment from venture capitalists, and so on,
going into this to make up, perhaps, for the
diVerence that some people have seen—ie yes, the
Government has been putting money into this but,
actually, has the private sector also been putting a lot
of money into this to help the industry?
Dr Williams: There are two aspects. One, on the
ESA side, the programmes are now 50/50 funded on
what we call the telecoms area—the commercial end
of the work—so, yes, that is stabilised. The two
programmes recently, the HYLAS programme,
which Avanti Systems are running, they have raised
significant private capital to build satellites based on
a subscription by government to an ESA
programme which was matched by the supply
industry, Astrium. They have raised money to
launch a satellite for telecoms, and the bid I was
talking about, the Alphasat programme, if Inmarsat
win that bid and everything goes to plan they will be
investing seven to eight times the investment of
government in sustaining that programme.

Q689 Mr Newmark: Which has to be a good thing.
Dr Williams: That is the model we are looking for
(this is the user benefit); that we encourage the
market to put some of the money in, and we take the
areas of risk out.
MrNewmark:The businesses can continue growing,
we can have a good market share but it does not
necessarily always need to come from government,
is the point I am trying to make. My questions are
on education and skills.

Q690 Chairman: Before you do that, can I just
clarify one point with you, David. You have talked
about the national space technology programme to
us—you are going to establish that—is that where all
the funding for space will come through or will there
be other programmes alongside it?
Dr Williams: What I am trying to do, with the
partners, is establish a single programme of activity
in terms of content and direction and then find each
of the partners who can contribute to it to fund part
of it. So it is not all the money. I expect all the
partners—because all the partners are doing things
at a national level already, so it is to bring it into a
single, coherent, technical programme.

Q691 Chairman: When will that be? When will we
hear an announcement?
Dr Williams:We are hoping to establish that by the
autumn of this year, so that it can kick oV in the new
financial year, at a lower level while we build it up.

Q692 Mr Newmark: Minister, David Williams told
us previously that he had (I am quoting him) “no
direct interaction with DfES”, yet DfES is a BNSC
partner. Does the lack of interaction between BNSC
and one of its partners concern you?
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Malcolm Wicks: I have a lot of interaction at
ministerial level, obviously, on the teaching of
science, technology, engineering and mathematics
(the STEM subjects). I have had at least two sets of
meetings with Bill Rammell in the DfES about these
matters. As part of those discussions we have talked
about the importance of space as a way of energising
and developing the interest of children in these kinds
of scientific studies. So, at that level, there is contact.
I was pleased when, during Science Week, I visited
one school in CardiV where space was very much
part of the curriculum as a way of interesting
children in experimentation and science.

Q693 Mr Newmark: David, do you feel that
response deals with your concern?
Dr Williams: What I said previously was yes, I felt
that BNSC as an organisation, historically, had little
contact with education. I said I was going to try and
rectify that. I know the Minister is very keen on this
area for lots of reasons, and I think, as we move
forward, we are really going to make eVorts. I saw a
report from Leicester University on teaching in
schools; I only glanced through it as a first cut but it
looked like over a period of about six to nine
months, on a fairly large sample of several hundred,
the average grading of schoolchildren increased
when space was in the curriculum. That may be
because they chose schools where the children are
excited and interested—we have got to look at the
sample structure—but there is an indication coming
through from a formal study that space does have an
impact on kids’ ability to learn science, and we are
going to try and build on that with our eVorts in
Yorkshire Forward, with DfES and with the
Leicester Space Centre.

Q694 Mr Newmark: That brings me to the next
question: why has the drive to establish a space
education oYce in the UK come from a Regional
Development Agency, Yorkshire Forward, rather
than from BNSC or DfES?
Malcolm Wicks: I am not apologising for the fact
that the RDA have done good work there.

Q695 Mr Newmark: I know that, but why has this
come from a Regional Development oYce rather
than nationally? It is a national project, so why has
it come from an RDA?
Malcolm Wicks: I am sure we need to do more, all
right? I will talk again with DfES ministers about
this. I think the Chairman and I, having both served
on the Education Select Committee, are always
slightly wary about saying to schools that they are
the way to crack this problem. Every week people
take a subject and say schools should be doingmore,
but I think this will benefit schools, and many of the
best schools are doing this already as a way, as I say,
of bringing science and mathematics—

Q696 Mr Newmark: I agree, I was just curious as to
why the leadership has come from the regional level
rather than a national level.

Malcolm Wicks: There are two things which we
could exploit, actually: one is a scheme of science
and engineering ambassadors that we have (some of
youmay know about this) whereby—they are not all
young but some are often quite young—scientists
and engineers working in private sector companies
or the public sector actually go out to schools to tell
children, as ambassadors, about the importance of
science and engineering. We just need to check,
David, whether some of the companies involved in
space exploration, as it were, have their fair share of
ambassadors. The other thing I would mention is
that we have recently launched, my department and
DfES (we are so close, you see), a scheme of science
clubs in schools. We are hoping that that will
develop.No doubt in science clubs it will be up to the
children, I suspect, significantly, what they want to
do, but you canwell imagine that spacewould be one
thing that would excite them.
Dr Williams: If I can answer the point about the
RDA, Yorkshire Forward have a remit to promote
science in schools, and the good news about what
has happened is how quickly we have locked on to
working together with them to do things because it
has not been sat in isolation—

Q697 Mr Newmark: I think it is fantastic that
Yorkshire Forward is doing this. My point was why
has the initiative come from a regional level rather
than a national level.
Dr Williams: Because, in the way of the structure of
the RDAs, each RDA has special remits and they do
have one in promoting science.

Q698 Mr Newmark: We have been told by
LogicaCMG that recruiting graduates with the right
skills is quite a struggle. What are you doing to
ensure a skills crisis does not develop in this sector?
MalcolmWicks:Again, I thinkwe have to relate that
to the more generic issue about how we get more of
our children studying science, particularly
mathematics and particularly physics. There are
problems, at the moment. From memory, the
number of A level students for physics is in decline,
although some of the other sciences are moving in
the right direction. So we are not complacent about
that but physics is, obviously, crucial and it is more
the territory of DfES than DTI. However, a good
deal of work is going in to trying to improve our
physics capacity in ways which I could talk about
but not as knowledgeably as a DfES minister might
be able to.

Q699 Mr Newmark: We have heard from Avanti,
more specifically, that 70 to 80% of our highly
qualified satellite engineers, which is an area of
excellence within the UK, have come from China or
India in the last two years. Is a global market
solution acceptable to a shortage of skilled satellite
engineers in the UK?
Malcolm Wicks:Was your figure 7 or 8%?

Q700 Mr Newmark: 70 to 80% from China and
India.
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MalcolmWicks:My own view is that we have got to
produce more home-grown expertise. That is not to
sort of be too nationalistic about it. One of the good
things about science in recent years and the
investment in university is the way in which we are
attracting some really very excellent people into our
universities. However, if that figure is correct, and I
have no reason to think it is not, then—

Q701 Mr Newmark: This comes on to my next
question, and I am not sure if you have got the stat
there. Has the number of students studying space
science declined, increased or remained stable in the
past five years, let us say?
Malcolm Wicks: Space science itself, I do not
know. David?
Dr Williams: I do not think we have that statistic.
We would have to ask STFC if they have that
statistic.
Malcolm Wicks: We will see if we have got that. I
was relating it more generally.

Q702 Mr Newmark: So you look at it through the
field of physics, astro-physics, mathematics, and so
on?
Malcolm Wicks: I think it is the main way I would
look at it, but if there is a figure on space science, per
se, we will try to get it to you.
Chairman: Can I ask Brian to come in on the China
question?

Q703 Dr Iddon: Are you aware that a number of
organisations, the Learned Society, the CBI, etc, are
growingly concerned about the drying up of Chinese
students, both at undergraduate and, particularly, at
postgraduate level? The growing investment in
science and engineering in China means there is less
pressure on them now to come and study in
countries like Britain and the United States. Even if
they come and study a first degree here there are jobs
now for them to go back to at reasonable wages.
This is going to cause problems, a number of
organisations believe, across the sciences. Are you
aware of that?
MalcolmWicks: I am aware of some concern. More
generally, I am aware of the fact that Britain has
been a very good place for Chinese students to study.
I would need to checkmy figures but I think we have
more Chinese students studying in Britain than they
do in the United States, but I just need to check that.
It has been a success story. If there is now a
downward trend let me go away and look at that.

Q704 Dr Iddon: There is.
Malcolm Wicks: I think the links with China have
been a huge success.
Chairman: On that note, can I say, Minister, that
Adam’s wife is a good judge. I do not know why she
has such intimate knowledge of this situation, butwe
have enjoyed enormously our session with you,
Minister, and the frankness of the responses you
have made to us. Thank you very much. Thank you,
too, to Dr David Williams; we have enjoyed your
presence once again.
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Submission from the Department of Trade and Industry

Space—A DTI Success Story

“In aerospace, shaping the design and manufacture of the next generation, supporting over 270,000 jobs
across the UK economy. The satellite and space industry, alone, has grown by 17% in the last two years”.

(Secretary of State for Trade and Industry: Labour Party Conference: September 2006)

“The UK is a world leader in the space industry with many world-class companies and products both in
upstream activities and downstream exploitation of these assets. At the same time we have extensive
experience of commercialising space opportunities and we know a lot about the financing and insurance of
these activities.”

(Lord Sainsbury: Case for Space Conference May 2005)

The primary role of DTI innovation funding for space is to drive economic growth through the use of
satellite systems and services in a high technology area.

Recent studies show:

— UK space industry turnover is £4.8 billion.

— UK space sector contributes approx £6.8 billion and 70,000 jobs to UK GDP taking direct,
indirect, induced and spillover eVects into account.

— Productivity (value added per employee) in the UK downstream sector is £160k per worker
compared with an overall UK average of £36k.

— UK space industry is six times more R&D intensive than the UK economy as a whole.

— Public benefit occurs from space in a range of applications including weather satellites,
environmental satellites and, in the future, through the range of applications which Galileo will
provide.

The DTI Context

1. DTI is the anchor Government department of the British National Space Centre (BNSC). DTI’s focus
has been principally on technology and industry issues (both upstream and downstream), through the
European Space Agency (ESA), the European Commission (EC) and through national activity. Significant
new DTI commitments (to European satellite telecommunications programmes and GMES) were made in
December 2005 and to Galileo in August 2006.

2. DTI funding for civil space contributes to two of the three overall UK Space Strategy objectives and
related outcomes namely:

— Stimulating increased productivity by promoting the use of space in government, science and
commerce;

— Developing innovative space technology and systems, to deliver sustainable improvement in
quality of life.

3. Further information on DTI funded activities is set out in the UK Space Strategy.

4. The DTI’s over-arching PSA target (shared with HM Treasury) is:

“To demonstrate further progress by 2008 on the Government long-term objective of raising the rate
of UK productivity growth over the economic cycle, improving competitiveness and narrowing the gap
with our major industrial competitors.”

5. The three DTI strategic objectives for delivering this agenda are:

— Supporting successful business;

— Promoting world-class science and innovation; and

— Ensuring fair markets.

6. BNSC contributes principally to the first two of these high level strategic objectives.

7. DTI’s contribution to BNSC funding and activity should also be seen against the background of the
Science and Innovation Framework 2004–14 and the DTI Innovation Report published in July 2004.
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DTI’s Role in the BNSC

8. With the setting up of BNSC in 1986 it was agreed that the Centre should be hosted by the DTI who
would also provide the majority of the core staV including its first Director General. This provides a strong
anchor for the Government’s interest and involvement in civil space. It was also agreed that the Minister
with responsibility for the BNSCwould be located within theDTI andwith structural changes in early 2006,
BNSCnow sits in theOYce for Science and Innovation (OSI). Lord Sainsbury has beenMinister for Science
with responsibility for space since 1998.

Current DTI Space Funding

9. DTI funding should be seen in a context in which funding is also provided by other Government
departments and Research Councils (PPARC, NERC, Met OYce, MoD, DfT and DEFRA) in pursuit of
their own objectives.

10. DTI’s historic space funding has been as follows:

£Million

1997–98 1998–99 1999–2000 2000–01 2001–02 2002–03 2003–04 2004–05 2005–06

Total UK funding 183.18 184.99 172.62 177.38 169.18 160.20 188.65 197.94 207.61
Of which, DTI 102.68 87.76 87.73 90.89 87.50 85.06 34.10 38.70 42.40

11. The reduction in DTI expenditure in 2003/04 reflects the transfer of responsibility for Earth Science
activity (principally the Earth Observation Envelope Programme) to the Natural Environment Research
Council (NERC).

12. At the ESA Ministerial Council meeting in December 2005 Lord Sainsbury committed additional
DTI funds of £17.53 million to the European SatCom Programme (ARTES) and to the Global Monitoring
for the Environment and Security Initiative (GMES). In August 2006 DTI Ministers agreed that a further
£22 million should be provided to the European Galileo Satellite Navigation project.

13. DTI funding for civil space aims to maximise the economic and or societal return from UK
investment in the development and use of space. It is focused principally on investments that deliver a
significant downstream benefit to theUK as well as benefits to the leading edgeUKupstream space industry
and its technological development.

DTI Role in Space Strategy 2003–06

14. Exploitation of Space is now one of the major areas of new and developing advanced technologies.
It provides the demand stimulus for the early stage development of a wide range of new technologies. Space
is an extreme environment in which the potential of these technologies can be fully explored and tested and
space companies possess the knowledge base and technical expertise to do this eVectively. Technologies
developed in this way are then available for use by other sectors of industry.

15. Demand for high technology and/or novel inputs by companies producing space equipment,
infrastructure and services stimulate innovation and the growth of high-value added businesses in other
sectors. Space investment also oVers, in its own right, extensive opportunities for innovation in the form of a
range of potential new products and services. Thus Government expenditure on space contributes to wealth
creation targets and objectives particularly those relating to the exploiting of new technologies, knowledge
transfer and innovation.

16. Although exploitation of space technology for services is already an important global market, valued
at over $110 billion in 2005, it is still growing at around 10% pa1 and oVers enormous future potential for
the UK and others. Hence the UK aims to be competitive to participate and share and benefit in key
global markets.

The UK Space Industry and the Impact of Space Based Technologies

17. The BNSC supported and DTI funded study of the “Size and Health of the UK Space Industry 2006”
estimated the turnover of theUK space industry at £4.8 billion and an employment of 16,200 in the upstream
and downstream space sectors.2 Some 57% of the staV employed in the UK space industry are qualified to
first-degree level or higher,3 with a large proportion in science and engineering disciplines. An Oxford
Economic Forecasting (OEF) study suggests that the UK space sector contributes approximately £6.8
billion and 70,000 jobs to the UKGDP taking direct, indirect, induced and spillover eVects into account.4,5

1 2005 state of the space industry prepared by the International Space Business Council.
2 Size and Health of the UK Space Industry: 2006 edition, Executive Summary pages 2 & 6. Bramshill Consultancy.
3 Ibid 7 page 6
4 The Case for Space. The Impact of Space Derived Services and Data, pages 4–5. June 2006. Oxford Economic Forecasting.
5 The BNSC-supported Size and Health study investigates the size and characteristics of UK commercial space activities in
terms of a number of key parameters including turnover, employment and R&D investment. The OEF study, using the Size
and Health data as a starting point, modelled the wider impacts of investment in UK space activities on the economy as a
whole.
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18. The “Size and Health of the UK Space Industry” also investigated R&D funding by the UK space
industry in 2004–05. It found that upstream companies invested 2.5% of turnover in R&D, rising to 14.1%
when externally funded R&D is included. Downstream companies invest 3.1% of turnover in R&D, rising
to 4.3% when external funding is included.6 For the year 2004–05, the UK space industry invested 12% of
its GDP contribution in R&D, making the space industry six times more R&D intensive than the UK
economy as a whole.7 Productivity (value added per employee) in the UK space upstream industry is
estimated at £90k per worker and in the downstream sector is £160k per worker. These compare well with
an overall average of £36k per worker in the UK economy.8

19. The spillover impact of the satellite infrastructure on the economy in terms of services and economic
benefit is significant and potentially run into billions per year. Examples include the value of satellites in
weather forecasting, in communications, broadcasting and the growing role of satellite navigation systems
in transport and traYcmanagement. In total, including direct andmultiplier (indirect and induced) impacts,
Oxford Economics9 latest estimate is that the UK space industry supports a value added contribution to
GDP in the region of £5.2 billion.

20. The UK space sector makes a valuable contribution within the UK economy in its role as a leading
edge, high technology, high value sector.With its high levels of R&D activity, it helps tomeet Lisbon targets
on levels of R&D spending. It is a source of employment for highly skilled staV working at the leading edge
of technology. It therefore adds to UK’s “portfolio” of high productivity industry sectors.

21. Commercial led new markets are emerging in which the role of the DTI is to facilitate through
legislation and standards, rather than intervene directly. Space Tourism is potentially a highly visible
example and the UK is well placed to become a major player. BNSC, through DTI will need to contribute
with other interested bodies, to the development of an appropriate regulatory framework. Additionally
there are significant opportunities for UK companies to be at the forefront in developing the systems and
expertise needed to enable space tourism to develop.

Drivers for Growth

22. Future growth and the demand for services from the exploitation of space and the satellite network
will be driven by:

— Development of new services whichwill capitalise on space technology. There is consumer demand
for instant access to global information in real-time (eg navigation, weather data);

— Increasing need for scientific and observational data to support government policies;

— Growth in e-connectivity, mobile communications and broadcasting, including HDTV;

— Lower costs of access to space thus enabling better exploitation and provision of data, information
and services;

— Increasing requirements for natural resources management and emphasis on population security;

— Growing need for disaster relief and humanitarian aid in response to changing environmental
conditions.

Competitiveness and Key Areas for DTI Space Funding

23. The UK remains competitive in a wide range of space activity and selective investments by DTI are
intended to boost the sector’s competitiveness. Particular UK strengths are satellite telecommunications,
navigation and positioning and earth observation. UK industry is very eVective at maximising knowledge
and technology transfer from it extensive scientific activities, and is also very active in “down stream”
activities providing user solutions. Worldwide many countries recognise the value of space technology and
are investing heavily. This can lead to market failures in the early R&D phase, which DTI assists to
overcome in selected areas. DTI is working with UK industry to change the economic dynamics of access
to space. One such area is in the development of strong UK small satellite capability under the MOSAIC-
Small Satellite Programme. This has now given the UK a world lead in this capability and has led to
significant export successes eg in China, Nigeria and Spain.

24. Within the sector, SMEs are a key part of the knowledge transfer chain and a substantial contributor
to the high level of competitiveness. Their inherent flexibility means that they can adjust quickly to take
account of emerging technologies and develop products to address new markets. Until recently, the DTI
supported such companies through sector specific technology development funding under the BNSC
national programme. However with changes in DTI to the delivery of technology support to companies this
has proved diYcult. It is recognised that the space industry, and SMEs in particular, have been less
successful in gaining such support from the aggregated technology fund that the DTI established in 2004.

6 Ibid 7 page 7.
7 Ibid 9 page 22.
8 Ibid 9, pages 13–14.
9 The Case for Space. The Impact of Space Derived Services and Data, page 17. June 2006. Oxford Economic Forecasting.
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Satellite Communications

25. The UK is a leading manufacturer of satellites for communications. With the increase in Internet
traYc and development of broadband, multimedia, mobile and digital broadcasting technologies, the
satellite communications industry is set to experience significant growth in the coming years.

26. UK companies have played a key role in the next generation of advanced civilian communications
satellites for Inmarsat and are currently working to deliver advanced broadband and high definition TV
services in Europe.

Navigation and Positioning

27. Satellite navigation and positioning enables users to accurately locate their position using signals
from orbiting spacecraft. Principally through DTI funding, the UK is playing a significant role in the
development stage of the European Galileo Satellite Navigation Project and has carved out some leading
roles for UK industry. The potential uses for satellite navigation are huge. Industry estimates suggest that
by 2015, Galileo will be generating ƒ10 billion worth of benefits every year and that Galileo will create
140,000 new jobs. UK eVorts are focused on developing new applications and services using the signals
oVered by Galileo.

Earth Observation

28. Earth Observation provides a large-scale view of the earth and enables monitoring of how the planet
changes over time. This is increasingly important not only for environmental research but also for
environment monitoring, weather forecasting, mapping and disaster relief.

29. DTI is working with other Government departments and Research Councils to develop the EU/ESA
GMES initiative on global monitoring and has provided a contribution towards the funding for a Disaster
Monitoring Constellation built in the UK to cooperate and supply detailed images of any part of the world
in times of need.

30. Some examples of current successes in the 3 areas referred to above are provided in Annex A.

Exploiting Commercial Benefits from Innovation and Technology Transfer

31. The DTI supports Knowledge Transfer Partnerships, which enable companies to obtain knowledge,
technology and or skills, which are of strategic importance to them, competitively, from the further/higher
education sector or from a research and technology organisation. This is embedded into the company via
a project or projects undertaken by an individual recruited for the purpose to work in the company.

32. In the space related domain DTI has supported the Location and Timing Knowledge Transfer
Network (KTN), managed by the National Physical Laboratory.

33. Location and timing technologies span many key areas, and it is the KTN’s responsibility to put the
UK at the forefront of this growing industry. Their aim is to overcome barriers by combining academic
excellence, industrial expertise and government support to drive development for the UK in this
emerging market.

34. The KTN, with 700 members, drawn from industry, academia, end users and government, is growing
at a rate of 50% per year.

Licensing

35. DTI is charged with regulating space activity to ensure compliance with the UK’s international
obligations. TheOuter SpaceAct 1986 (OSA) requiresUK individuals or organisations to apply for a licence
fromDTI whenever they launch or procure the launch of a space object, operate a space object or carry out
any other activity in outer space. The UK government maintains an up to date public register of space
objects launched by UK organisations or individuals.

36. The licensing regime under the OSA enables HMG to oVset some of the unlimited liability that falls
to it by requiring insurance, indemnity, technical and financial checks on applicants. Before granting a
licence, the Secretary of State for Trade and Industry has to be satisfied that the activity will not jeopardise
public health or the safety of people or property. DTI considers it particularly important that satellite
operators show they have considered how they will dispose of their satellite once it has reached the end of
its operational life.

37. An independent review intoUK licensing of space has been completed recently. DTI, through BNSC,
will be carrying out a consultation on proposals shortly.
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Exports

38. Principally throughDTI andUKTrade and Investment BNSC takes the opportunity to promoteUK
technology overseas and to help UK companies to do international business. DTI through BNSC
coordinates HMG support for companies bidding for projects overseas and arranges visit programmes for
key space industry decision makers from overseas to view UK capabilities.

39. International markets are important both for international collaboration but also as markets for UK
space technology and know-how and BNSC has co-operation agreements with a range of countries,
including China and India. A good export example is the international Disaster Monitoring Constellation
(DMC), a series of satellites built by Surrey Satellite Technology Ltd (SSTL). The DMC constellation of
low-cost, small satellites is able to provide daily images for applications including global disaster
monitoring. An oVshoot of SSTL runs the constellation with the spacecraft owned by the individual
partners: Algeria, Nigeria, Turkey, the UK and China.

October 2006

Annex A

CASE STUDIES

Past investments by DTI through BNSC in space research and technology have created a highly skilled
workforce based on world-class science and leading edge technology. These successes have been translated
into innovation of engineering products and operational business models producing a series of world
leadership roles for UK.

2. A range of success stories include:

— Inmarsat, the London based satellite operator that leads the world in maritime communications.

— Paradigm, the world leader in commercial defence satellite communications services.

— SSTL, the world leader in manufacture of small satellites.

— Avanti, the European leader in satellite delivered broadband services.

— EADS Astrium, the world leader in innovative onboard processing technology.

3. Joint investment by industry andUK government in programmes such as the Advanced Research into
Telecommunications (ARTES) programme managed by ESA where investment is on a co-funded 50/50
basis between public and private sectors has provided a platform for a number of these successes.

4. For example a £20 million ARTES investment in electronic beam antenna technology enabled
Paradigm Secure Communications Limited to establish a key diVerentiator against US competition to win
the £2.5 billion contract for procurement for Skynet 5. This contract will last for 15 years and create 1,900
new jobs. Furthermore Paradigm is seen as a leading example of the PFI model in the satellite
communications and military communications field and thus oVers significant scope for export.

5. ARTES investments in processing technology enabled EADS Astrium to oVer a competitive
advantage to Inmarsat during the procurement for the Inmarsat-4. This is one of themost complex satellites
ever built and oVers Inmarsat significantly greater flexibility and revenue earning potential.

6. DTI supported work on Ferrite switches totalling £528K enabled ComDev to win contracts worth
£6 million as a direct from this work, with a potential to win further business valued at £1 million pa.

7. Through the “Highly Adaptable Satellite” (HYLAS) being developed by Avanti, the UK is pioneering
the delivery of advanced broadband services in Europe within an entrepreneurial venture. HYLAS
demonstrates the linkage between upstream technology development and growth in the downstream sector
by attracting substantial City of London equity finance, establishing a UK Fixed Satellite Services (FSS)
operator with high growth potential whilst demonstrating flexible payload technologies.

8. DTI funding via the MOSAIC (Small Satellite) programme was pivotal in helping transform micro
satellites from an “idea” to a serious commercial product whilst establishing Surrey Satellite Technology
Ltd (SSTL) as a world leader. DTI funding led to the development of three new families of satellites:Disaster
Monitoring Constellation (DMC) for Earth Observation and disaster management), TopSat (Earth
observation & surveillance) and Gemini (telecoms). SSTL now has an annual turnover of £25.2 million.

9. In December 2005 ESA launched the first Galileo satellite GIOVE-A, constructed by a consortium led
by SSTL to an extremely challenging timescale. Its role is to test and prove a number of technologies
developed by ESA for Galileo, to provide a Galileo signal in space to be used for signal performance
experiments to measure the signal at the earth and to secure the ITU (International Telecommunications
Union) frequency filings for the Galileo programme. These filings are critical as they serve as the “right to
transmit” for the Galileo radio signals from space.



3553511001 Page Type [E] 12-07-07 01:53:05 Pag Table: COENEW PPSysB Unit: PAG1

Ev 118 Science and Technology Committee: Evidence

10. The QinetiQ T6 High Power Electric Propulsion (T6 HP-EP) system is being developed to meet the
needs of future large-scale telecommunications satellites such as Alphasat. It has a wide operating range; its
flow rates, magnetic field and anode current can be varied to ensure optimised thrust performance. This
provides a system with a capability to compensate for anomalous in-flight performance of interfacing
systems.

11. DTI established the National Remote Sensing Centre (NRSC) in 1980, which developed into
Infoterra Ltd in 2001, and is currently a 100% owned subsidiary of EADS Astrium, with a turnover of
£16million in 2004. It has become a leading international provider of geo-information products and services
for managing the development, environment and security of our changing world.

12. Provision of geographic information is vital to improving asset management, business processes and
environmental analysis. Many decisions need location information from flood risk analysis and network
planning to humanitarian aid and defence.

Memorandum 2

Submission from the British National Space Centre (BNSC)

Overview

1.1 Space systems are now an integral aspect of many areas of daily life, such as news broadcasts,
communications, financial transactions, navigation, disaster monitoring, environmental monitoring,
climate understanding and science exploration. Many of these activities are now commercial ones, and the
space industry can no longer be defined simply in terms of the hardware of launchers and spacecraft. There
are significant commercial opportunities in the downstream activities of the space industry and this needs
to be recognised in the future activities of the UK space programme. The UK, a pioneering space nation,
has a world-class reputation and a highly selective approach in choosing to invest in activities that have a
clear contribution to economic, scientific and societal needs. But international competition is very strong
andUK at both Government and industry level, need to be proactive if we are to remain a significant player
in a sector which is growing in size and importance.

1.2 The current UK Civil Space Strategy10 has three high level objectives, pursuing economic, scientific
and technological priorities:

— enhancing the UK’s standing in astronomy, planetary and environmental sciences;

— stimulating increased productivity by promoting the use of space in government, science and
commerce; and

— developing innovative space systems to deliver sustainable improvement in quality of life.

1.3 In the past the UK has reaped many benefits from its investments in space and space systems have
made significant contributions in economic, scientific and environmental terms:

— in economic terms space based applications play a vital role in a number of key sectors,
telecommunications, broadcasting, IT, broadband and navigation, and the UK has a significant
share of the global commercial market, with Astrium, Paradigm, Inmarsat and Surrey Satellite
Technology Ltd being leading companies in their fields;

— in science, space exploration has enabled us to build knowledge of the solar system and better to
understand our own planet. UK scientists and engineers are at the leading edge of developing
scientific knowledge of space and Earth;

— in terms of societal need, space is important in climate change and environment understanding,
weather forecasting, and, through Galileo, navigation. Space systems are also important in the
military world, andwhilst this is not part of the civil programme there is much common underlying
technology.

1.4 Many countries, including developing countries, are investing heavily in space activities as a way of
“fast tracking” development. This role of space in employing highly qualified staV and driving high
technology gives space a strategic position and as a result there remains a significant role for public funding
in the development of the sector.

1.5 TheBritishNational SpaceCentre (BNSC) coordinates activities across a partnership ofGovernment
Departments andResearchCouncils and also acts as theUKpoint of contact internationally, includingwith
the European Space Agency (ESA) and the European Commission. This memorandum sets out an overview
of UK space activities and the membership and structure of BNSC.

1.6 Detailed statements on the interests and activities of BNSC partners in the use of space are set out in
the separate memoranda of those bodies.

10 UK Space Strategy 2003–06 and beyond: Space for science, enterprise and environment.
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Space Benefiting Society At Large

Economic Benefits

2.1 The global space industry is growing fast and has revenues of $114 billion. This is forecast to rise to
$150 billion in 2010.11 To understand the industry it is necessary to divide it into two parts, “upstream”
activities, which consist of the manufacture and development of space assets such as satellites, and
“downstream” activities, which consist mainly of satellite service providers for broadcast, communication
and navigation purposes. In theUK space related turnover in 2004–05was approximately £4.8 billion,made
up of upstream activities of £700 million and downstream activities of £4.1 billion. The average growth in
space related turnover in UK industry over the 5 year period 1999–2000 to 2004–05 was 10.2% overall, 8.6%
in upstream activities and 10.5% in downstream activities.12 Space employs some 16,200 people in the UK
of whom 57% are graduates,13 and with an average productivity of over £100k per employee, well above the
national average of £36k per employee.14 Overall the UK space sector contributes around £6.8 billion and
70,000 jobs to the UK, taking direct, indirect, induced and spillover benefits. These figures do not include
the added spillover benefits, which potentially run into billions, for example due to weather forecasting,
broadcasting and communications.15

2.2 Forecast average annual growth in world-wide space revenues up to 2010 are overall 7.6%, (upstream
3.7% and downstream 11.2%). An estimate of theUK share of the world-wide space market by value (2005),
based on these sources, is 7.3% overall, (upstream 2.3% and downstream 11.8%).16 The growing economic
importance of space and UK’s role in it are examined further in the separate DTI response.

2.3 The UK space industry is one of the most R&D intensive sectors in the UK and in 2004–05 invested
12% of its GDP contribution in R&D, making the space industry six times more R&D intensive than the
UK economy as a whole.17 Thus both in terms of its direct benefits and in its significant potential to enhance
the “health” of UK’s wider economy, space is a key part of UK’s “portfolio” of high technology industries
for employment.

2.4 Much of the economic activity is currently in broadcasting and telecommunications and reflects past
investments, with a significant downstream service industry based on the use of satellites systems. Future
developments in this area will look at broadband links, digital communications and broadcasting. In
addition benefits from space technology can transfer to other sectors, such as the technology for monitoring
planetary environments being “spun out” as novel scanning equipment for health and security purposes.

2.5 Today space is an important and growing aspect of commercial life, especially in downstream
services. However, there remains an element of inherent risk and expense, particularly in the early
development phase where risk reduction is important. In parallel, many countries are recognising the value
of space in developing a national high technology capability and are funding significant space developments.
Recognising these dynamics, in order to retain its leading position, the UK needs to determine the
appropriate level and type of support for new initiatives within DTI.

Public Benefits

2.6 Earth observation satellite systems are essential to understand the Earth’s climate, environment and
its complex systems. In the BNSC partnership, Defra lead on these issues, while the role of satellites is
recognised and is beginning to be exploited in a routine way in areas such as monitoring land usage,
agricultural regulation, disaster management and civil security.

2.7 In addition, Earth observation data frommeteorological satellites is essential to weather forecasting,
which itself has a crucial social and economic impact for modern society. UK’s Meteorological OYce is a
world leader and is a major contributor to EUMETSAT, the European agency responsible for operating a
number of meteorological satellites.

2.8 TheGalileo satellite navigation project jointly funded by theEuropeanUnion andESA is an initiative
which could bring real benefits to UK transport planning systems as well as a variety of new commercial
applications. BNSC partner the Department for Transport leads on policy towards Galileo.

11 State of the Space Industry 2005, page 1. International Space Business Council.
12 Size and Health of the UK Space Industry: 2006 Executive summary, page 2. Bramshill Consultancy Limited.
13 Ibid page 6.
14 The Case for Space. The Impact of Space Derived Services and Data, page 13–14. June 2006. Oxford Economic Forecasting.
15 Ibid page 4.
16 State of the Space Industry 2005, page 1. International Space Business Council.
17 The Case for Space. The Impact of Space Derived Services and Data, page 22, June 2006. Oxford Economic Forecasting
page 22.
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Benefits in Scientific Activities

2.9 Space-based astronomy (space science) and space exploration are providing valuable insights into our
neighbouring planets, the solar system and beyond. Knowledge of how the solar systemworks enhances the
understanding of our own Earth’s systems and life on it. The Particle Physics and Astronomy Research
Council (PPARC) takes the lead on space science and exploration and the role of space systems is recognised
as critical in their overall set of objectives and activities.

2.10 Satellites are also vital tools across a broad range of environmental sciences, from modelling the
atmosphere and sea surfaces to biodiversity. Within the BNSC Partnership, the Natural Environment
Research Council (NERC) leads on Earth science research activities.

2.11 UK scientists and engineers have built a world-class reputation in both the above branches of space-
related science as well as the related technology areas such as robotics, instrumentation and software.

Education and Skills

2.12 Space activities contribute to the promotion of science and technology among young people. Space
has a particular ability to provide exciting contexts in which teachers can demonstrate many scientific
concepts and ideas in a compelling way. The UK has a diverse range of excellent organisations exploiting
the capability of space for the teaching of science, and organisations that oVer lesson plans using space as
the context for illustrating many scientific and mathematical concepts. BNSC works with the National
Space Centre in Leicester in its outreach work.

Underpinning National Technology Activities

2.13 Space technology is advancing rapidly and facing competitive pressures. TheUK space industry and
science community have significant expertise but there is a need to continue to invest in key technological
capabilities if the UK is to maintain its leading position in those areas. This issue is widely recognised and
many countries are investing heavily in technologies as a way of driving forward their industry and overall
technological capabilities. With the extensive science and societal use of space there is a role for BNSC,
particularly in the initial risk reduction and “proof of concept” study stages.

2.14 Many BNSC partners currently have some national technology activity, and there is a significant
focus of activity at theRutherfordAppleton Laboratory (RAL). In the science field there are also significant
centres of activity for preparing future missions and exploiting existing ones. These activities are not
formally integrated between partners, yet much of the technology is transferable across all space, including
military use. Recognising this, BNSC is actively taking steps to bring greater cohesion to existing activity
through a Joint Space Technology Programme (JSTP). To enhance this, the CCLRC is making a bid for
additional resources on behalf of the partnership to establish the necessary critical mass.

Dual Use

2.15 BNSC deals exclusively with civil space programmes. However, satellite technology is largely
applicable to “dual use”, that is, able to be used in civil and military applications. The MOD is a BNSC
partner to ensure that it is well-placed to understand and exploit and advise on the benefits of the BNSC
activities in accordance with its vision to “have suYcient assured access to space-based capability to
maximise and sustain military eVectiveness across Defence”.

2.16 There are discussions in EU and ESA fora on the role of space in dual use. BNSC ensures that the
relevant UK partners are informed of these discussions. The basic UK position supports the exploitation
through European harmonisation of space application for civil security and counter terrorism purposes.
However, neither ESA nor the EU has a mandate to fund and develop space systems to meet military
requirements and the UK insists that this boundary is observed.

International Partnerships

3.1 Space activities, because of their inherent cost, risk and the required range of technological
capabilities, are characterised by international collaboration. For the UK, the traditional focus for space
activities is through collaboration in Europe, with the European Space Agency (ESA) being the main
mechanism for such collaboration. In addition, via theMeteorological OYce, theUK is amajor contributor
to EUMETSAT, the European agency responsible for operating a number of meteorological satellites. The
EU is also a growing influence in space. Notwithstanding the above, there are also opportunities for bilateral
activities, both inside and outside Europe, and these are undertaken on a case by case basis.
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European Space Agency

3.2 ESA has an excellent reputation through the world-class scientific missions that it has delivered and
the majority of UK space spending is undertaken through ESA. With its mix of mainly optional
programmes and core mandatory activities the European Space Agency (ESA) provides a good “fit” for the
UK to choose and collaborate on specific projects on an equitable basis. Thus a key priority for UK in terms
of ESA is to ensure that it remains fit for purpose, user-driven and continuously striving to provide value
for money.

3.3 The ESA mandatory programme covers the general administration, basic technology, and most
importantly, the space science programmes. The UK is the second highest contributor to this mandatory
programme which is based on Net National Income (NNI).

3.4 In contrast the ESA optional programmes are funded by countries on a selective basis, and whilst the
optimum is for all countries to subscribe at NNI, it is possible to be a participant in a specific programme
at one quarter NNI, and to go significantly above NNI. The UK has been very selective in subscribing to
ESA optional programmes, focusing on Earth Observation, telecoms and navigation. The UK has no
involvement in the International Space Station, and only a token involvement in launcher development
activities. The UK has no role in manned space flight. Aurora at this stage is not a manned space
programme.

3.5 ESA arrangements are such that companies and organisations from each member state receive
contracts of value in direct proportion to the member state’s subscription (on given projects). Traditionally
UK’s industrial returns have exceeded the value of its subscriptions. However over the last few years, our
overall returns have dropped marginally below the level of our subscriptions (ie under return). BNSC is
monitoring the placement of ESA contracts and working hard to reverse this trend.

European Union

3.6 The EuropeanUnion is also becomingmore involved in space activities and with ESA it is developing
the European Space Policy, a framework for the future governance/management of European space
activities. The UK is playing an influential role in its development seeking to ensure a user driven approach
and an appropriate split of roles and responsibilities between EUand ESA. The EUalso funds space-related
research through its Framework Programmes.

3.7 Galileo was an early space-related initiative for the EU because of the potential to benefit transport
networks across Europe. It has been carried out as a joint EU and ESA initiative. EU funding has been
provided via the Framework Programme and TENS (Trans European Networks) budgets. Galileo’s first
validation satellite, GIOVE-A, was built by Surrey Satellite Technology Ltd. The Global Monitoring for
the Environment and Security (GMES) programme is the second and latest joint EU-ESA space-related
initiative. The UK has taken a smaller share of the ESA programme in GMES because of concerns over its
relevance to UK policy needs as currently defined.

3.8 The Research Framework Programmes are the EU mechanism for funding research activities, with
Framework Programme 6 (FP6) currently being in place and FP7 starting in 2007. In FP7 space, for the
first time, has a separate programme in its own right. BNSC has been closely involved in the development
and definition of the associated Space thematic priority programme. In doing so, BNSC is drawing on advice
from its EUAdvisory Board. It is seeking to ensure that UK organisations will have maximum opportunity
to access available research funds.

EUMETSAT

3.9 In order to meet their common requirement for the provision of data to support operational
meteorology and climate research, European countries established EUMETSAT18 in 1986 to operate the
European meteorological satellites. Met OYce attends EUMETSAT to represent all UK interests
including BNSC.

3.10 EUMETSAT has a close working relationship with ESA for the initial development and
procurement of satellites. EUMETSAT is then responsible for launching satellites and further, development
of the remaining satellites in each series, ground segment and all operational activities.

18 European Organisation for the Exploitation of Meteorological Satellites; created through an international convention and
now with 18 European Member States (Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy,
Luxembourg, the Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, Turkey, and the United Kingdom), the UK
being a member since its inception.
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Other collaboration

3.11 BNSC also looks to cooperate where beneficial with a range of other countries to facilitate activities
which it cannot carry out through ESA and to assist UK companies in accessing overseas markets. It also
works with the United Nations and in space debris coordination fora. BNSC works closely with partner the
Foreign and Commonwealth OYce in its international relations.

BNSC Organisation

Membership

4.1 The British National Space Centre (BNSC) was established in November 1985 to ensure better
coordination of space interests, under the leadership of DTI. As this coordination has developed, both
within the UK and in handling international relations, most notably with ESA, BNSC has grown from
four19 to eleven partners. Current members, and their space interests, are:

— Department of Trade and Industry

— Particle Physics and Astronomy Research Council

— Natural Environment Research Council

— Ministry of Defence

— Met OYce

— OYce of Science and Innovation

— Department for Education and Skills

— Department for the Environment, Food & Rural AVairs

— Department for Transport

— Council for the Central Laboratory of the Research Councils

— Foreign and Commonwealth OYce

Reviews

4.2 The structure and operation of the whole or parts of UK civil space policy have been reviewed a
number of times both internally and externally. Beginning with the House of Lords Science and Technology
Select Committee report on UK space policy in 1988, the most recent external inquiries were:

— Public Accounts Committee report on UK’s civil space activities in June 2005;

— ESA/UK Commission of Inquiry report into the loss of Beagle 2 in February 2005;

— Transport Committee report on Galileo in November 2004;

— House of Commons Science and Technology Committee inquiry into Government support for
Beagle 2 in November 2004;

— National Audit OYce report on civil space activities in March 2004; and

— Trade & Industry Committee’s inquiry into civil space policy in 1999.

4.3 BNSC also consults widely both in developing the UK space strategy and in reviewing its operation.
These have been made available on the BNSC website www.bnsc.gov.uk. This memorandum does not seek
to repeat these reviews.

Role of BNSC

4.4 The governance of BNSC was reorganised in 2005 to distinguish more sharply the management and
advisory functions. TheUKSpace Boardwas put in place to provide the strategic steering role for BNSC. Its
members are PPARC,NERC,DTI,MetOYce andMinistry ofDefence, who provide themain institutional
funding for UK space activities. The Space Advisory Council reports to the Board and is composed of all
BNSC partners as well as the chairs of the specialist BNSC advisory groups and representatives from
industry and academia. Five Advisory Boards advise the Director General of BNSC and include
representation from BNSC partners, industry and academia.

4.5 The core staV of BNSC—ie those who carry out functions on behalf of the partnership as a whole—
are made up primarily of DTI staV with some seconded from some of its constituent partners.

4.6 The key policy roles now carried out by the BNSC core staV in headquarters are to:

— advise the Science Minister

— develop the UK Space Strategy

19 Department of Trade and Industry, Ministry of Defence, Science and Engineering Research Council, Natural Environment
Research Council, the latter two then funded by the Department of Education and Science.
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— oversee and review implementation of the Strategy

— liaise across government bodies

— foster the strengths of the UK space community

— develop industrial policy and liaise with industry

— lead at the European Space Agency Council and its Boards, and with the space interests of the
European Commission

— provide international representation and develop cooperation

— promote awareness of space through education and publicity.

4.7 BNSC is not an executive agency and its leadership role is in defining an overall strategy, international
and cross government representation, and common issues with specific programmes funded by the relevant
partner. Nevertheless, it is acknowledged as being eVective in encouraging UK organisations to use space
as a tool where appropriate and in meeting national objectives for the use of space. In reviewing the BNSC,
the National Audit OYce commented:

“Our analysis shows that the partnership approach is a cost eVective way of securing the benefits of
national and international co-operation on space programmes. This is because it ensures that partners
consider the benefits of expenditure on space against alternative investments, while also avoiding
duplication”.20

4.8 BNSC is currently in the process of updating the UK Civil Space Strategy and will consider the
recommendations of the Committee prior to publication in mid-2007.

Funding

4.9 Policy direction is determined by Ministers and/or the governing bodies of partners in the light of
their own priorities and the resulting expenditure comes from the budgets of the individual BNSC partners.
These priorities are discussed in the separate memoranda of the partners. Thus there is no single national
space budget. Each partner considers the merits of using space against other means of achieving its policies,
or assesses the relative merits of space-related and other proposals for research funding. Where space is
shown to provide the most eVective means of achieving their wider objectives the relevant partner(s) will
consider funding the space activity. BNSC provides the forum for pooling such requirements and sharing
the costs where possible. This ensures budgets are spent on themost eVective means or on the highest quality
research. Space is by its nature an activity that requires long-term commitment and BNSC aims to provide
continuity of approach.

4.10 TheUKhasmade some significant and hard choices on space. Specifically, we have stood aside from
funding for human space flight, the International Space Station (ISS), and new launcher development. On
human space flight and ISS the rationale was that the cost did not justify the return, while on launchers, the
view is that alternative commercial options exist.

4.11 The total UK spend on civil space activities by BNSC Partners is around £200 million a year. Annex
B provides a graph of overall space-related spending by BNSC partners over recent years. The bulk of this
is spent on scientific activities and about two-thirds is invested in the programmes of the European Space
Agency.

4.12 In terms of national spending on space relative toGNI, in 2004 theUK spent some 0.02% of its GNI
on public civil space expenditure. This was substantially lower than other large ESAmembers, with France
at 0.09%, Germany at 0.042% and the ESA average at 0.048%. The US by comparison was at about 0.13%
and Japan at 0.06%.21 A key reason for this is UK’s highly selective approach to space activity and a low
level of support for technological developments which will underpin commercial activity.

Future Challenges

5.1 Space activity is increasingly providing a pivotal technology and platform for wealth creation and
addressing a number of important challenges for the 21st century. As such it is a crucial sector for the UK,
which is well placed to take advantage of these opportunities through its industry, science and government.
However, we are facing increasing competition from our European partners and globally. UK needs to take
a strategic approach, keeping abreast of developments if we are not to be overtaken in key areas. Industry
and Government must play a strong role in this.

5.2 BNSC has responsibility for overall strategy direction, co-ordination of public activity and influence
on the international scene. The main areas for focus in the short to medium term are:

(i) In a rapidly changing global space environment, and with rapid technological change and
increasing use of space-derived material for both public and private activities, BNSC needs to
remain fit to serve its many stakeholders in industry and science, and to serve the economy and

20 NAO report on UK Civil Space Activities HC 359 Session 2003–04 page 3.
21 The European Space Sector in a Global Context: ESA’s annual analysis 2004 pages 42 and 100.
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society more broadly. It needs to keep under review its structure and focus, and whether resources
meet demands. Many space related programmes are internationally-led with timescales
determined at the international level. The UK needs to develop improved systematic means of
deciding levels of funding, particularly on initial programmes stages and those that involve cross
Government interests.

(ii) The greater part of UK public space funding is invested in the programmes of the European Space
Agency, while the EU is increasingly using space to meet its policy needs. BNSC needs to continue
to ensure that both organisations remain genuinely focused on the real needs of the citizen, that
they address eVectively and eYciently new demands from society and that they cooperate together
in a manner beneficial to both and also to the public that they serve.

(iii) The UKwill need to decide how it should respond to the newUS-led initiative on exploration and
exploitation of space. This is not entirely an issue of science but will also address exploitation, and
involve the opportunity for robotic technologies.

(iv) The balance of national and ESA programmes has long been weighted in favour of cooperation
through ESA and this may need to be considered further.

(v) DTI is the anchor government department and this role needs to continue.

5.3 BNSC also needs to develop its capacity to assess and influence new areas where space may benefit
the economy and society. Such horizon scanningmight relate in particular to new commercial opportunities
deriving from technological development and the emergence of new space-faring nations; new areas of
policy that might be addressed by space, such as health; and the potential impact of scientific developments
arising from space activity.

October 2006

Annex A

Background to the European Space Agency

1. ESA is an international space agency currently composed of 17 member states.

2. It depends for its continuing budgets on subscriptions frommember states all of which are monitoring
closely what is done and how it is being done. The overall ESA budget stands at around ƒ3,000 million—
small compared to $17 billion NASA budget. Despite this, it has been able to produce excellent space
missions with the highest quality science and applications. The cost at completion of ESA missions in the
science programme, for example, has generally been very close to the original budgets: in the science
programme, for example, the average is a cost over-run of 4%. We are continually seeking to maintain this
situation.

3. Subscriptions are made by countries to programmes proposed by ESA depending on the extent to
which the country has an interest in the area. For the UK the subscription would come from the relevant
government department or agency with the main interest in that area, or from the appropriate combination
of BNSC partners. The programmes are overseen by ESA “programme boards”, on each of which the UK
is represented. The performance of the ESA Executive in managing any particular programme is scrutinised
regularly and closely by the Programme Board. The UK has a reputation for being tough but constructive
in our scrutiny. ESA programmes fall into 2 broad categories: mandatory and optional programmes.

4. Mandatory activities are those in which all Member States must participate and comprise the Science
Programme, for astronomy and planetary science, and the General Budget, which covers basic research and
the central costs of the Agency. These are financed by contributions calculated on a scale based on the net
national incomes of the Member States. Currently UK contributes 17.7% of the mandatory programme
budget—the 2nd largest contribution. It has a world-class reputation in space science. Mandatory
programmes represent approximately a third of the overall ESA budget.

5. Optional programmes representing the major portion of the ESA budget are those in which each
individualMember State chooses on a case-by-case basis whether they wish to participate and at what level.
This structure enables each Member State to tailor its participation in ESA programmes closely to its own
interests and is an important strength of ESA. The UK has used this facility to focus its participation very
selectively in areas such as telecoms, satellite navigation and Earth Observation where it has real strengths
and see important user opportunities.

6. ESA develops its programme and project proposals throughmeetings of member state representatives.
Delegates from the relevant BNSC Partners attend these meetings where there is a potential UK interest.
ESAMinisterial Council meetings provide the opportunity for member states to discuss future strategy and
to subscribe to new ESA programmes and new phases of existing ones. BNSC Partners provide a careful
analysis of each programme proposal, drawing on the views of the UK space community and relevant
economic advice, before seeking agreement from Ministers or the Research Council to making
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commitments. The most recent Ministerial Council was held in December 2005. The UK played an
influential role both on general strategic and policy issues as well as specific programme proposals of interest
to it.

Annex B

Overall UK Civil Space-related Spend by BNSC Partners
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Memorandum 3

Submission from Gihan Ganeshanantham

Select Committee on Science and Technology Inquiry into UK Space Policy

1. During my five years of medical education at Imperial College London I have enjoyed and been
inspired by the space medicine opportunities that have been available to me. I undertook an intercalated
BSc degree at King’s College London in Aerospace Physiology, participated in a European Space Agency
student parabolic flight campaign competition, worked as a visiting researcher at a microgravity laboratory
in Brazil and now hope to go on to undertake an elective with NASA in the final year of my medical degree.
These have all fuelled a childhood desire to be involved with space medicine and I intend to incorporate
these interests with a prospective medical career in ophthalmology. However, being born and living in the
UKmay prove to be a distinct disadvantage due to the lack of the UK’s involvement in human space flight
and I fear these opportunities will soon begin to disappear once I qualify as a doctor.

2. Determined to involve myself with the aerospace world I desperately sought a means to do so.
Throughout my early medical school years I kept my eyes open and ears pealed for any prospects, and
eventually an opportunity arose. Intercalated with our medical degree we had to undertake a Bachelor of
Science degree of our choosing and discovering the Aerospace Physiology BSc degree programme was a
dream come true. The course was run at King’s College London by a prolific and world-renowned Prof J
Ernsting OBE and involved the study of human body function and its adaptations to the evolutionary, very
recent exposure to extreme altitudes, high accelerative forces and to weightless environments. It was a
fascinating course allowing me to gain an in-depth knowledge of cardiovascular and respiratory physiology
and its application to the aerospace environment but this knowledge is equally usefully in a clinical setting.
It turned out to be a very challenging course but at the same time highly interesting and enjoyable.
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3. While at King’s College, I decided to participate in a European Space Agency (ESA) competition. It
had been an ambition of mine for a number of years and with the help of the some of the academics and a
student team I put together an experiment proposal for a parabolic flight campaign. These are two-week
campaigns that allow undergraduate students from all around Europe to design experiments, which
compete for places to be performed on the flights. The flights run by ESA and Novespace utilise a modified
Airbus 320 to fly parabolas and create short periods of weightlessness. Our experiment involved helping
develop techniques for basic life support in microgravity, which is essential for the planned longer Lunar
and Martian missions. Although we were not successful in our application, the ESA have suggested that
using it for an application for a professional flight campaign would be more appropriate! That application
is currently being formulated and will be submitted in the near future.

4. This work regarding basic life support in space provided the foundation for an invitation from the
Laboratiore deMicrogravidade, PUCRSUniversity, Brazil. I worked there under the head of the laboratory
Prof. T. Russomano further investigating basic life support in space using their body suspension device to
simulatemicro and hypo gravity. I enjoyedmy time there tremendously and the studies went very well. Some
of the work I performed I will be presenting at the forthcoming UK Space Medicine Day alongside
numerous national and international clinicians and scientist at the National Space Centre, Leicester.

5. These opportunities have arisen through a combination of hardwork, determination and good fortune
and of course, availability. They have allowed me to fuel my desire to be involved with space medicine and
having being highly interesting and enjoyable have whet my appetite for more. Next year I plan to take
undertake my medical elective with the National Aeronautics and Space Administration (NASA) in the
United States and that will be allowed through a competition for medical undergraduates organised by the
CASE research group at University College London. I feel that this will be a wonderful experience and allow
me to be further involved with aerospace research, hopefully in the visual science area, and will stand me in
good steed to further my aerospace career. I am set to qualify in Medicine in June 2008 and I aim to
incorporate the aerospace field in my prospective career. I am very interested in pursuing Ophthalmology
in clinical medicine and the scope to link this with aerospace medicine to further develop my expertise in
this field should be abundant. However, I can foresee this not being particularly easy and the experiences
that I have enjoyed and been academically stimulating will suddenly no longer exist at a postgraduate level.
There will be no more formal exchange programmes, no space medicine or physiology research posts, no
scope for linking clinical work with space medicine and thus I obviously see my prospects for spacemedicine
in the UK as bleak. This is very much unlike other countries that lead the scientific community and simply
results from the UK’s under subscription to international human space flight programmes.

6. As the fourth richest country in the world and the country which has historically been at the forefront
of scientific endeavor, it is surprising to see a void in aerospace research opportunities throughout the rest
of the world and the UK. If I wanted to pursue my career at NASA I would have to change my nationality
and since the UK does not currently subscribe to the European Space Agency’s human space flight
programme I will be unable to participate in their programmes also. Lunar landings are planned for 2020
and it would be a momentous occasion for a Briton to stand on the lunar surface that would surely lead to
a scientific interest epidemic throughout British schools in an unprecedented manner.

7. As for now, Britain can significantly contribute to international space exploration through advances
in aerospace medicine. There is a great source of highly talented, intelligent and motivated individuals in
the UKwho if they had suYcient resources could lead and focus aerospace scientific work to best eVect. The
appeal of aerospace medicine in the UK spans from internationally renowned professors all the way to
students who have not even applied to medical school yet—and thus the foundations for a long lasting and
continuous research eVort are already established. It is also important to note that although the researchwill
be primarily geared towardsmedicine for use in space exploration, the challenges which it imposes would no
doubt produce creative and innovative research that would be equally applicable to a terrestrial clinical
setting and benefits to patients will result.

8. I hope that the UK can further our contribution to the international research eVort in space medicine.
It would be a shame and almost an embarrassment to be left behind. Having had many opportunities
available to me at an undergraduate level, such as BSc degrees, ESA competitions, and exchange
programmes, my desire to be involved with space medicine has been fuelled further. This determination and
enthusiasm, however, will be worthless if the opportunities that once existed disappear at a postgraduate
level. Personally, I will focus all my eVorts to succeed in both ophthalmology and aerospace medicine and
sincerely hope that I will not be frustrated and limited by the opportunities available in the UK and by the
closure of international opportunities due to the under subscription to human space flight programmes.

October 2006
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Memorandum 4

Submission from Nicholas Spall

Select Committee Review of UK Space Policy—Need for UK Human Spaceflight Commitment

Further to your Committee’s request for evidence regarding UK space policy, I am writing to present my
views in relation to the need for a modest UK human spaceflight commitment that is in line with other
industrialised countries.

These opinions concur with the Royal Astronomical Society’s independent commission on UK human
spaceflight policy (2005), the WakehamMicrogravity Review Panel report (2003) and the resolution of the
British Interplanetary Society (2006) that manned spaceflight involvement by the UK is important for the
future.

Britain is the world’s 4th-largest economy and yet is the only G8 or industrialised nation not to have an
astronaut presence—even countries like Brazil, India, Malaysia and Turkey are developing human
spaceflight interests. The nation needs to reverse its currently negative policy on manned spaceflight and
become more flexible and broad-minded for good educational, scientific and industrial reasons.

The benefits of a small-scale human spaceflight programme would be:

1. Educational

—most teachers and educators recognise that human spaceflight is a very good “inspirational” aspect of
science and technology and the eVorts to halt the decline in science courses in the UK could be firmly
assisted by a national interest inmanned spaceflight that is in line with the rest of Europe (see attached article
(not printed)).*

2. Science and Exploration

— the 2005 RAS report identified how much space exploration and science research requires a manned
presence (eg planetary surface drilling work, lunar radio-telescopes, bio-medical research). The UK is
already well respected in these broad areas of space science and a manned interest for the future would
enhance this work.

3. Industrial Benefits

— because of its negative human spaceflight policy, the UK has missed out in recent years with the
European aerospace industry’s successful involvement with manned projects, including the Columbus lab,
the ATV cargo spacecraft and the more recent Soyuz successor studies. A modest astronaut programme
would allow British companies to join with future industrial projects undertaken by European and other
nations for manned missions to the benefit of the nation’s economy and technical expertise.

My view, in line with the RAS, theMicrogravity Review Panel and the BIS, is that an aVordable manned
approach by the UK is achievable and it would be a positive national investment for the future.

Project Proposal

A low-cost programme to fly two British scientist-astronauts to the ISS on two separate missions as part
of the ELIPS research work could occur from 2008—its total cost may be only about £48 million over five
years (see the proposal in the attached article (not printed)) and it would form the basis of a long-term UK
astronaut corps, allowing theUK to eventually join with themanned aspects of the ESA’s Aurora lunar and
Mars long-term exploration project.

Please do take these views into account during your consideration of future UK space policy directions.

October 2006

* Spall N, British Astronauts, Spaceflight, October 2006, 48, pp 388"392.



3553511005 Page Type [E] 12-07-07 01:53:05 Pag Table: COENEW PPSysB Unit: PAG1

Ev 128 Science and Technology Committee: Evidence

Memorandum 5

Submission from Reaction Engines

The Case for a Review of UK Participation in the Development of Cheap Access to Space

1. Introduction

The UK economy draws heavily on space services for domestic, maritime and military communications,
remote sensing and surveillance, satellite navigation, environmental monitoring and meteorology. In these
areas the UK is one of the World’s largest consumers, with an annual space industry turnover of over
£5 billion.

It is hard to reconcile the UK economy’s role as a major beneficiary of these space services with its
disinterest in developing technology that could more than halve the cost of their use.

The UK Government has invested very little in the development of space launcher technology over the
past 35 years. While the Government claims this is not Policy, the statistical evidence clearly shows that this
is de facto the case. Submissions by Reaction Engines Ltd. (REL) to many past Space Policy Reviews and
the previous Select Committee Review in 2000 have made no impression on this ‘Policy’, despite favourable
arguments that some measure of UK support for participating in launcher development is justified.

This submission argues that there is a strong case for creating a body to review this situation in depth.
Chaired by a neutral non-Governmental body, and with broad expertise at committee level, this should
allow an unbiased conclusion to be reached and a real Launcher Policy to be formulated.

Clearly Reaction Engines, embodied in its Investors and StaV, strongly believes that the Government is
incorrect in its view that the UK should only be a user of space services and not a participant in the creation
of enabling technology. This belief has been made concrete by the private investment of several million
pounds in developing totally new technologies which could realise a great step in capability and a large
reduction in the cost of access to space.

The following discussion draws upon economic, strategic and social arguments that support the need for
an urgent review of this aspect of Space Policy. Urgency is advocated to stem the steady erosion of an
advantage won by private innovation and perception in the face of Government apathy.

2. Economic

A large factor in the cost of providing space services is the spacecraft themselves. These are complex and
have to be very reliable, as a result of the impact of potentially lost revenue over the timewhile a replacement
for any failure is readied for launch.

Launch costs are high, with a typical price for a launch costing around £100million. Even so, the customer
still only pays as little as 1/3rd of the total cost, since the vehicle development and much of the launch range
maintenance is either entirely or partly paid for by governments.Unless an organisation has a block booking
on launchers, a replacement launch will take 18 to 36 months.

Faced with these two undesirable launcher characteristics a spacecraft failure early in its life must be
avoided and the cost of building in reliability pushes the spacecraft cost up to, or even higher than, the cost
of the launch itself. Thus the cost of space services, and the notoriously high cost of space activity, is directly
a function of the cost of the launcher.

Operations in Antarctica are a fraction of the cost of those in space. Yet Antarctica is further away,
energetically equivalent to reach, and a dreadful environment by comparison with space. Space has no
intrinsic feature that makes it expensive, given the correct technology for accessing it. The exploration of
Antarctica is a non-contentious activity for only one reason—transport to Antarctica is cheap.

Innovative replacements for expendable rockets have been under investigation in the UK for many
decades. A major step forward occurred with the HOTOL study of the 1980s, which did have modest
Government support. Since then a great deal of work has been carried out researching the crucial
technologies to realise engines of the type that were to powerHOTOL. This has culminated in the SKYLON
vehicle, which incorporates many advances and improvements.

A reusable launcher based on this propulsion technology now unique to the UK could reduce the cost of
access to low Earth orbit by a factor of 50. This would not only reduce the cost of space services, but also
bring about an entire ‘sea change’ in the role of space and the way that space activity is carried out.

A reusable launch vehicle designed with this technology could be deployed in the samemanner as aircraft,
fully recovering its development cost and covering its flight operations through the ticket price. Vehicles
could be in the hands of competing commercial operators bringing about benefits to the customer. Lead
times for a launch could be days (or less!), rather than years, as is the case with aircraft.
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At the present time expendable launchers represent lucrative business to those companies who build them
and they have a strong motive not to change it. The customer has little control over what is provided. If
access to space is to become cheap and on-demand, then the technology will have to come from a sector
without this vested interest. The UK is ideally placed to fulfil this role.

The development cost of a reusable launcher will not be low. However, if done in collaboration with
Europe over a decade, the costs will not be unreasonable for the development of a radically new space launch
capability. If eVort is made to sell vehicles to operators and recover the development cost over some
reasonable time period the burden to the taxpayer will be nil. This has often been done before, with Airbus
as a current example.

3. Strategic

UKmanufacturing industry is in a parlous state, facing year-on-year decline in capability and quality. In
amodern global economy this may be regarded by some as an acceptable situation, yet the lessons of history
suggest that it would be folly not to retain some indigenous engineering capability.

If it is considered desirable to have at least a contracted engineering industry, it must be very skilled,
innovative and in command of the forefront manufacturing techniques if it is to continue to serve national
interests. There are residual pockets of great expertise in the UK today, but these will not survive much
longer without demanding challenges. Even now the large aerospace companies are outsourcing a growing
fraction of their design and manufacture to the low pay economy countries.

Each year the UK trains a substantial number of scientists and engineers in its universities, the majority
of whom end up in the services sector and not contributing the knowledge they have gained to their field of
first choice. This process converts a young, creative and motivated pool of potential drivers of the economy
into people who are simply ‘doing a job’. Recent years have seen a sharp decline in people embarking on
scientific degrees because they are widely perceived to have no future in the UK.

The UK has a very good past record for innovation in technology. However, innovation usually comes
through ‘hands-on’ activities and seldom through academic reasoning alone. When innovation does arise
through purely theoretical processes it still needs to be turned into hard reality through the application of
engineering. While there are always examples of missed inventions within the realm of normal engineering,
the exciting new and important discoveries usually lie at the cutting edge of technology. Without a capable
engineering infrastructure these innovative prospects will be denied to the UK.

Reusable launcher technology is a demanding activity which even within the research and development
already performed at REL has forced the advancement of manufacturing techniques, for instance in drilling
small accurate holes and the drawing of small diameter tubing. The capability created by the latter has
already helped in one special medical operation requiring penetration of an ultra-fine catheter into an
eyeball.

The technology for a reusable launcher will undoubtedly lead to spin-oV into other transportation areas,
such as civil aviation. However, predicting spin-oV is not a profitable pastime because, as the name implies,
it happens as a by-product of an activity that was not obvious in its own right in the first instance. The main
spin-oV by far of engaging in reusable launcher development will be a more capable engineering industry
than currently exists in the UK.

4. Social

Space is undoubtedly amotivating subject, andmany people in advanced technologies not related to space
initially found inspiration for the sciences, while they were young, through this subject.

As a nation the UK is lacking in large-scale projects which fire the imagination, and has become an
outsider at international discussions on the next generation of technological progress in almost any field.
The Reaction Engines’ SKYLON project attracts enormous interest and respect internationally and helps
considerably to maintain a progressive image of the British Nation.

There is often expressed a view that ‘prestige projects’ are somehow undesirable and their cost is
frequently questioned simply because they carry the prestige epithet. This may in some instances be true,
but such projects are a statement of national capability, clear for all to see, manifest in real results. A single
worthwhile visible project, selling Britain on its advanced capabilities, is worth any amount of trademissions
and political superlatives.
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5. Summary

Reaction Engines has over a long period (more than two decades) brought to the fore propulsion
technology unique in the world, capable of replacing expendable launch vehicles and reducing the cost of
access to space by over an order of magnitude. At the same time the flexibility of such a vehicle to ‘go-on-
demand’ to virtually any low Earth orbit will change the complexion of space activity. This will manifest
itself in not only a cheaper launch, but also in cheaper equipment to be launched through reduction of the
demands on reliability.

There has been awelcome increase in interest by the BNSC in the work atReaction Engines, but it remains
more highly recognised abroad, in ESA for example, than in the UK. This is incongruous, considering the
high level of expenditure in the UK on space services and space science.

If this important development is to benefit the UK it must be assessed soon. It is submitted that the best
way to do this is to create a reviewing expert body to assess the benefits, independent of Government bias,
provided that this is done with the utmost urgency.

October 2006

Memorandum 6

Submission from UKspace

Introduction

1. This submission is from UKspace, the main Trade Association for the UK space industry.
Membership covers upstream satellite manufacturers, equipment suppliers and ground support providers,
including Astrium, SSTL, QinetiQ, Logica, Vega, SciSys, SEA and Serco and downstream operators and
service providers such as Inmarsat, BT and InfoTerra.

Executive Summary

2. Space is a highly beneficial but widely misunderstood sector of UK economic activity. It is in danger
of losingmajor opportunities through funding cuts, with loss of prosperity to theUKand future dependence
on others for vital strategic services. A stronger national focus is needed to increase investment and returns
and to help the UK achieve its strategic objectives in relation to global competitiveness, wealth creation,
social benefit and the challenges of security and climate change. Action is needed to establish a more
substantial national presence through a variety of entrepreneurial initiatives, as well as, very importantly,
on regulation, co-ordination across government and influencing ESA and the EC.

Impact of funding levels on international competitiveness

3. The UK has one of the most competitive space sectors in the world. It is also one of the highest value
adding sectors in the UK economy. This competitiveness has been built from judicious investment powered
by a user led strategy focused on value adding investment decisions. However, this is not well or widely
understood. The UK must reverse recent cuts in already modest space budgets if the UK is to retain this
key asset in its hi-tech economy.

4. Space is an increasingly rewarding global market, estimated to be growing at 15% pa, reaching
$1.5 trillion by 2020.

5. The UK’s space sector scores well against the Treasury’s indicators of competitiveness:

— It invested £300 million in R&D in 2004–05, 12% of manufacturing turnover, placing space in the
top league for R&D intensity;

— Over 60% of employees are graduates, double the national average—the highest skilled workforce
in UK manufacturing;

— Value added per worker is £135,000, four times the average;

— Revenues grew at 12.5% pa in the five years to 2004–05, four times the UK’s economic growth.

6. The UK’s space sector is a world leader in small satellites, satellite financing and insurance, mobile
satellite communications and military satellite communications. Inmarsat 4, Skynet 5, MOSAIC, the
GIOVE-A Galileo satellite and HYLAS are all testament to this fact. It has 7.3% of the global market,
including 11.8% of the high-growth downstream applications sector. The Science Minister recently told
Parliament: “How many high-tech and high value industries are there in the UK with such shares?”
(Parliamentary Space Committee, 21 June 2006.)

7. Government support has been critical in terms of investment and decision making.
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8. The UK’s user-led strategy has provided a framework for focusing investment in areas of maximum
tangible benefit—away from launchers and the International Space Station.

9. However, the UK’s record on implementation has been patchy. Science driven research has enjoyed
consistent support, but co-ordination and funding of non science-driven programmes and technology has
been far more diYcult.

10. Two flagship European programmes, GMES and Galileo, provide recent examples. GMES remains
75% under-funded by the UK, seriously prejudicing the UK’s role in EU exploitation of Earth Observation.
In both cases, user departments without the necessary expertise or remit in space were asked to identify and
co-ordinate the UK position and decide on investment. Neither department had an obligation to consider
and weigh the impact on the broader economy or competitiveness. The reality is that the UK’s excellent
user-based strategy is not properly co-ordinated across Government, with slow and complicated decision
processes that have compromised competitiveness and wealth creation.

11. Market failure prevails because of enormous American government investment (x50% of world
space expenditure) and globally agreed data policies.

12. UK competitiveness ultimately lies in its technology base. Current technology leadership is the fruit
of a long-standing partnership between industry andGovernment, through joint investment in programmes
such as ARTES, Europe’s space technology programme for satellite telecoms, and other smaller ESA and
national programmes. Satcoms represents 80% of the turnover and employment of UK space
manufacturing, and provides the critical mass for it to remain viable, sustain its technology bank, and bid
for exports. ARTES is a very successful technology transfer mechanism and has generated returns of 7:1.

13. In December 2005 UK Government reduced investment in ARTES from £20 million to £8 million
and has blockedmost othermeans for investment in technology. Britain and France leadEurope in satcoms,
but UK investment is now lower than Belgium and Luxembourg. The Comprehensive Spending Review
threatens further cuts or even to eliminate any remaining investment. Failure to reverse this will have direct,
irreversible, long-term impacts. Leading UK technology capabilities will be lost and rebuilt abroad,
accompanied by direct and indirect job losses and leading to dependence on non-UK suppliers for key
service provision. Failure to sustain technology investment will jeopardise competitiveness and wealth
creation potential as the UK platform for lucrative downstream service roll out is weakened and the
technology bank dries up.

14. Public sector investment in space technology at a national level and through ESA should be put on
a firm footing.

Regulation

15. Under the statutory indemnity provisions in section 10 of the Outer Space Act 1986, UK nationals
are subject to unlimited liability for treaty claims against HMG. This risk is not imposed on other business
sectors and applies to anyone who causes space related activities to occur. Other countries do not require
their nationals to indemnify their Governments in respect of space treaty claims. As a result, UK companies
involved in space activities are at a disadvantage versus international competitors.

16. Further action is needed onmarket structure, regulation and licensing.New upstream capabilities are
not always made available to service providers by incumbent satellite operators. This can prevent delivery
of advanced low-cost services. The UK must seek to create competition at the wholesale capacity level to
overcome this, possibly through appropriate regulatory mechanisms. Also, licences to operate services are
diYcult to obtain in some countries, including some EU states. Current EU Directives need proper
enforcement. The UK should seek appropriate market liberalisation elsewhere through the WTO.

Benefits and value for money from ESA

17. The UK’s space industry is fully supportive of Britain’s participation in the European Space Agency.
It sees involvement in ESA as fundamental to the future and is willing to support discussions on the future
of the Agency.

18. ESA’s role in procuring complex systems and sharing technology and other risks is vital. It provides
economy of scale for many space programmes and oVers highly leveraged access to world class missions and
resulting products and services.

19. ESA has played a leading role in kick-starting programmes ahead of emerging end-user needs. It has
been instrumental inmoving operations and responsibilities to the private sector—egEutelsat and Inmarsat.
ESA has also helped establish Eumetsat, which provides world class meteorological products.

20. Building on the UK’s past national technology funding and ESA’s technology programmes (GSTP
and ARTES), which the UK has previously supported, UK industry has developed world-beating products
that have helped develop vibrant export markets. ESA’s participation in these developments ensures global
acceptance of quality andmarketing. Some of the early phaseswould best be carried out nationally however,
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giving speedier exploitation and clearer IP ownership. The recent PPARCCRESTprogramme is specifically
targeted at better positioning UK industry and academia for the ESA Aurora space science programme in
this way.

21. It is vital to the future commercial success of UK industry that this chain: national investment—ESA
collaborative development—UK-led commercial exploitation—be maintained and enhanced. The strength
of a national programme significantly influences the return on investment in ESA. A strong national
investment enables government and industry to develop properly co-ordinated national approaches to ESA
and EU programmes, enabling BNSC to influence the definition of ESA projects and permitting the UK to
obtain key roles and compete for key contracts. It also secures IP for future commercial exploitation.
However, lacking suYcient funding, the current UK position is reactive rather than proactive and takes a
defensive stance in responding to other nations’ initiatives. UK involvement in the mandatory science
programme is excellent, but commitment to the application targeted optional programmes is in many cases
very diYcult for the UK.

22. ESA’s programme is complemented (and sometimes co-funded by) the EU’s Framework and related
programmes, which are more directly end-user application focused. These have helped UK industry to an
extent, but to date have not been as useful, or well managed, as those of ESA.

23. ESA needs to encourage pseudo-commercial public and private sector organisations to take over
operational service delivery, with transfer of ownership as soon as practicable. ESA should be encouraged
to focus on service delivery requirements to drive provision of space assets.

24. Transferring ESA responsibilities to national Agencies (as proposed by some) will work for UKspace
only if the UK plays its full part with full funding, otherwise the UK will lose out. To strengthen the UK
position, industry recommends seeking placement of a major ESA facility in the UK, aligned with UK
strength in science, technology or commercial and public sector applications for example. The UK could
thereby correct current unresolved under returns and benefit even more from its membership of ESA.

25. EVective and early engagement in ESA programmes andmaximum influence from theUK in support
of its goals and priorities should be a major policy objective.

Maximising commercial benefits and wealth creation, innovation and knowledge transfer

26. Space related revenues in downstream services are projected to accelerate, growing by up to 15% pa.
To maximise commercial benefits and wealth creation it is essential that the UK obtains a significant share
of export markets for UK companies, rather than becoming dependent on non-UK suppliers for UK
user needs.

27. Ownership of key areas of upstream IP that will enable the UK to lead such enterprises has been
secured in satellite platforms, payloads, communication technology and operations. Without this strong
upstream base, UK downstream providers will be at a disadvantage, being dependent on others for the
necessary expertise.

28. The UK can harness its lead in innovative technology and financing to build competitiveness. It has
already shown a high level of enterprise in smallsats and financing through SSTL and Avanti (with
HYLAS). In each case government investment, complementing private sector risk taking, has been essential
at critical stages.

29. UKspace has identified opportunities where modest increases in space technology investment should
generate much greater returns from innovative public and commercial space-related services. Successful
exploitation will expandUKhigh-valuemanufacturing capacity, help to achieve government objectives and
facilitate creation of world-class commercial service enterprises.

30. The focus is on new satellite services . . .

— television and multimedia to mobiles;

— high-definition TV;

— emergency communications for security services and the public; and

— next generation dual-use military/civil support

. . . exploiting advanced technologies and equipment, providing . . .

— lower entry costs for new operators;

— higher capacity and lower running costs; and

— in orbit reconfiguration to increase utilisation.

. . . creating and participating in collaborative programmes, such as . . .

— Meteosat 3rd Generation, GMES;

— A real-time radar imaging constellation; and

— Location based services (eg road tolling).

. . . and establishing UK led Commercialisation Initiatives.
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31. Satellites are already the cheapest way to provide digital TV, communications to ships and
navigation. It is important to correct the common, false perception that space is too expensive for
everyday use.

32. Novel, imaginative services will increasingly disrupt conservative commercial structures, creating
new supply chains delivering greater economic activity and benefit, enabling the UK to make better use of
its limited resources. It can even reduce the communications industry’s carbon footprint.

33. The UK cannot aVord the US “brute force” approach based on huge spending on strategic defence,
and since theUKhas international commitments dependent onmaintaining at least some industrial capacity
in satellite communications and Earth observation, it must (a) specialise where the UK has leading
capabilities and (b) maximise leverage from other public expenditure. This requires intensification of
knowledge transfer between academia, defence, government and industry.

34. EVective collaboration can be aided by the following strategies:

Globally . . .
By fostering innovative commercial businesses—in areas where UK is already world class, driving
down costs for space infrastructure and services. Maintaining world-class industrial capacity
enables low risk adoption of dual-use technologies and their adaptation between civil andmilitary
applications.

In Europe. . .
By exploiting committed European investments and ensuring maximal leverage fromESA and the
EC. By seeking also significant returns from ESA through establishment in the UK of a European
facility and ensuring that the UK is the centre of a virtual applications network for the whole EU.
HMG has undertaken many studies looking at benefits of ESA membership, including by the
NAO, which show demonstrable quantitative benefits.

Nationally . . .
By increasing understanding of space across government, ensuring that procurement decisions are
well informed, taking into account alternative and often lower-cost space alternatives and by
creating a joint Government/City investment fund to bring space projects to market.

Regionally . . .
By encouraging use of space applications, services and technologies by RDAs for regional
economic growth, taking advantage of proposals for UK-hosted European facilities.

Delivery of public benefits from Government space activities and their co-ordination

35. Public benefits from the use of space and satellites are widespread and increasing, ranging from:

— broadcasting and mobile communications, particularly in remote areas, at sea and in the air, to
secure military communications (Ref: Defence Industry Strategy, Cm6697 MHB8.45/47);

— to synchronising financial transaction in the City;

— to helping farmers manage their fields and crops;

— monitoring and evaluation of pollution, environmental damage and climate change;

— to the use of satellite navigation for finding your way and managing air, rail and road transport;

— surveillance of terrorist and criminal activity; and

— to assistance with disaster relief and distributing humanitarian aid.

Space is also used as a platform for scientific research.

36. The UK is unusual among nations involved in space in pursuing an entirely user-led strategy for both
choice of activity and funding. It does not have a Space Agency as such; rather it co-ordinates and operates
through the British National Space Centre, which is a Partnership between public bodies engaged with
space. A principal role for BNSC is the co-ordination of activities, dialogue and funding with the European
Space Agency and its collaborative programmes, through which the UK achieves many of its aims in space.

37. This user-led approach has the advantage that strategy remains firmly focused on practical, valuable
uses of space rather than on involvement in prestigious projects and the exploration of space for its own
sake. This model works very well for science and the Research Councils are by and large fully engaged as
primary funders of UK space eVorts. However, the user departments of government, such as DfT, DEFRA,
the HomeOYce and the FCO struggle to find funding for space as it is seen as too long term and early stage,
in spite of the considerable potential benefits downstream. The DTI also struggles to bridge the gap between
science and commercial exploitation and to the government’s own future needs for satellite-based
information and services. This leaves the UK vulnerable to becoming ever more dependent on key services
that have been developed and provided by others and over which the UK has no control.

38. Industry supports the BNSC Partnership, but is concerned that the weaknesses outlined above will
result in loss of a significant global market opportunity and failure to deliver important social benefit and
political influence for the UK.
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39. Industry is confident that BNSC would operate with more eVectiveness and cohesion if industry was
a full partner. Industry invests £300 million per annum in space R&D alongside the government’s own
£190 million per annum, frequently on co-funded programmes. Industry’s status outside the Partnership
makes co-ordination of investment for maximum impact even more diYcult. Industry’s involvement as a
full partner would bring greater focus and resources to the problems of co-ordinating public and private
responses to user-led opportunities for the UK and to developing solutions for the departments of
government that presently find it diYcult to engage. It is also recommended that the involvement of these
user departments be strengthened and that a cross-departmental budget be provided to BNSC’s DG for the
development of applications with the greatest public benefit.

40. To bring this about, and given the strategic importance to the UK, the Government is urged to take
action at Cabinet level.

Space research and skills development

41. To maintain a long-term, credible UK scientific skills base, each science discipline has to provide an
environment that attracts and stimulates scientists and engineers. Space has plenty of appeal in this respect,
pushing at the very boundaries of engineering, teaching the excellent management skills that industry needs,
providing opportunities for international collaboration and producing opportunities for commercial spill-
over. Support for UK space-based scientific research has been good, from both PPARC and NERC;
PPARC in particular has takenmodest but excellent steps to work with industry on long-term planning and
technology development, but this on its own will not sustain a UK industrial base.

42. ESA’s space and Earth science programmes are very successful, providing good value if the industrial
return can be secured. Many projects and specialist measurement missions require complex observational
facilities and sophisticated satellites, taking 10–15 years from design to realisation. Support is needed also
for additional, more frequent, smaller missions to deliver rapid results for nearer-term challenges, for
example, in understanding changes to the Earth system and for natural resource monitoring and
management as natural resources are become depleted at an accelerating and unsustainable rate. This would
also accelerate career and skills development for researchers and is an area in which the UK excels.

43. Importantly, modern components, rapid development miniaturised instrumentation, and more
flexible operational approaches mean that capable smallsats can potentially be funded by the UK on a
national or bilateral basis, increasing the body of scientific knowledge in theUKand raising the status ofUK
science internationally. Such projects should be tasked to include STEM skills development and educational
material for schools and undergraduate students, enhancing the profile and understanding of space-related
research and science as a whole.

October 2006

Memorandum 7

Submission from Amicus

Executive Summary

Amicus would make the following recommendations:

(a) For the Treasury to reverse the cuts of 2005 and get back to a level of investment of £20 million
plus per year for the Space sector, investing in projects that add value. ARTES is particularly
vulnerable as it is outside the OSI.

(b) That the UK government acknowledge the importance of the Space industry in creating jobs, new
companies, innovative research and development and the full benefit to the wider population of
these innovations.

(c) That the UK government support a new national space innovation fund of £1 million per BNSC
partner, this would then create an annual fund of £10 million per year.

(d) Increase funds to the European Space Agency (ESA) by £15 million per year to sustain the UK’s
lead role in the Galileo and Global Monitoring for Environment and Security (GMES) projects.

(e) Support a Prime Ministerial review into the UK Space industry.

(f) Encourage further educational achievement and interest around space, science and technology by
creating further initiatives and oVering further funding to projects such as the Scottish Space
School; which reached 25,000 schoolchildren, of which 83%22 went on to take science courses at a
higher level, and the Yorkshire Regional Development Agency who have invested £1 million in a
new Space Education OYce for the UK.

22 The Case for Space—Britain’s best kept secret, Bill Olner MP, in Environmental and Sustainable Technology, p 10.



3553511007 Page Type [O] 12-07-07 01:53:05 Pag Table: COENEW PPSysB Unit: PAG1

Science and Technology Committee: Evidence Ev 135

(g) That the UK government encourage companies to develop and use innovation to address the
challenges thrown up by modernity.

(h) For education policy in the UK to actively encourage students to train for and take up careers in
space, science and engineering, via bursaries, financial inducements and a re-direction of education
funding and progressive marketing of the sector. This would further the UK’s standing in the
world as a centre of excellence for research and design and ensure that the most highly skilled
workforce in UK manufacturing is retained and built upon.

(i) To be build on the lead that the UK has developed in the global market for low-cost satellites and
the global mobile satellite communication market to secure the creation of wealth for the UK
economy and the creation of further jobs for the UK workforce. Without the initial investment
from government into space related projects this lead would not have happened.

(j) For UK Trade and Industry (UKTI) to prioritise a marketing strategy for the UK space industry,
whereby the countries in the global market come to the UK first to see what we have to oVer,
thereby making UK plc even more profitable and successful; creating the opportunity for job
creation that the highly skilled UK workforce will be able to encompass and achieve.

1. There are currently 115,00023 people employed in the Aerospace and Shipbuilding sector. Of these
Amicus represents 63,000 workers. The significant employers within the Aerospace sector are Thales and
BAE Systems. The UK has a thriving Space industry that employs over 16,000 people and has an annual
turnover of £4.8 billion24 the key employer here is Astrium, part of the European company EADS. The
Space sector oVers a diverse range of expertise including the manufacture of satellites, scientific
instrumentation, battery technologies, software development and data analysis systems.

2. There are two key strategic industrial areas within the sector, “upstream” representing the provision
of technology and “downstream” representing the exploitation of technology. The downstream sector
dominates the overall industry turnover with a figure of £4.1 billion25 and the upstream generated a turnover
of £725 million, representing a 34% increase between 2003 and 200526.

3. The UK space industry has participated in many key missions to explore the solar system, including
Giotto, Rosetta, Cassini, Mars Express and Beagle 2. UK companies have also participated in industrial
studies for the robotic missions in the European Space Agency’s Aurora Programme to explore Mars. UK
companies are world leaders in the development of micro-satellites that provide low cost access to space for
the public and private sectors. The UK also builds some of the largest and most powerful satellites in
commercial use and is at the forefront of the satellite communications industry.

4. To enable the facilitation of this programme of innovation, development and research the workers
within these companies are of the highest calibre, and have an enhanced level of education and training. At
least 57%27 of employees in the space industry have at least a first degree. However, in a report commissioned
by the British National Space Centre (BNSC) a high number of companies in the sector reported a shortage
of specific skills, these ranged from engineering disciplines to physics degrees.

5. Space industry employers are concentrated in the South East and Eastern regions for the upstream
sector (90%) with London being the main location for downstream employers (82%).28 The sector has one
of the highest added values in the UK; this measure of productivity has increased over the past two years
and now represents £137,00029 per worker. This is four times the national average in the UKmanufacturing
sector. The sector also has increasingly high levels of research and development (R & D) investment.
£300 million was invested in R & D last year, with a 10% growth in the last five years, growth that is four
times faster than theUKeconomy is growing. It is anticipated that the globalmarket will beworth £1 trillion
by 2020.30

6. There are clear issues relating to Amicus members in relation to the present government’s approach
to the continued investment and support of the Space industry. The budget cuts by the DTI in December
2005 for the ARTES technology project, and the proposed cuts to the UK funding of the Galileo project
meant there was an immediate threat to 400–500 jobs in the UK Space industry. With the capitulation of
the cuts to the funding of Galileo this threat to jobs has been lessened slightly but there are still major
concerns within the industry that the UK government does not recognise, nor accept the crucial role the
Space sector has in the creation of jobs, wealth and highly skilled workers in the UK. We cannot leave the
Space industry to our European neighbours, as Francois Auque (CEO for EADS) said “. . . if there is no
change in this downshift in the UK, then there will be a shift to other countries, there are almost 500 UK
jobs at risk here”.

23 The British Council—Space Industry in the UK.
24 UK Trade and Investment—Aerospace Sector.
25 British National Space Centre—Size and Health of the UK Space Industry 2006, p 5.
26 ibid.
27 UK Trade and Investment—Aerospace Sector.
28 British National Space Centre—Size and Health of the UK Space Industry 2006, p 10.
29 ibid.
30 British National Space Centre—Size and Health of the UK Space Industry 2006, p 11.
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7. This however is only the tip of the iceberg where loss of jobs is concerned. Cuts to Galileo could mean
20,000 jobs cut in downstream markets, Global Monitoring for Environment and Security (GMES) would
have 1,000 jobs in jeopardy in the downstream and there are 800 jobs directly at risk in the telecoms sector.
The “knock on” eVects of any cuts in budget will be devastating for many key sectors linked to Space and
also for investment in research, development and innovation. The UK cannot aVord to ignore a sector as
dynamic, innovative and lucrative as the Space sector.

8. The UK government needs to have the vision and commitment to continue and increase the financial
investment in Space, acknowledging the dynamic and wide ranging products and services that come from
the initial projects within the sector, and maximise the niche market for the UK.

October 2006

Memorandum 8

Submission from Dr I A Crawford, Lecturer in Planetary Science, School of Earth Sciences,
Birkbeck College, University of London

THE SCIENTIFIC AND CULTURAL CASE FOR UK INVOLVEMENT IN HUMAN SPACE
EXPLORATION

Introduction

1. In January 2004, President Bush announced a new Vision for Space Exploration, which has refocused
NASA’s objectives towards human missions to the Moon and Mars, and the European Space Agency’s
Aurora Programme has established similar objectives for Europe. In this new political context, theUKmust
soon decide whether, and to what extent, it wishes to participate in these exciting endeavours.

2. It is true that human space exploration is expensive, and the tragic loss of the space shuttle Columbia
in February 2003 reminds us that it is sometimes costly in human, as well as in merely monetary, terms. For
these reasons it has been a long-standing policy of HMG for the UK not to participate in human space
activities, preferring instead to concentrate on those aspects of space exploration which can be accomplished
solely through robotic means. On the other hand, it can be argued that humans are in fact uniquely qualified
to undertake a number of key scientific investigations in the space environment. These range from life and
physical sciences research in the microgravity, to geological and biological fieldwork on planetary surfaces.

3. From a strictly scientific perspective there are three broad research areas which stand to benefit from
a human presence in space:

(i) Research in microgravity;

(ii) Space astronomy; and

(iii) Planetary exploration.

I address these specifically scientific benefits in Paragraphs 4 to 9 below, the broader cultural and political
aspects in 10 to 12, and oVer some conclusions in Paragraphs 13 to 15.

Research in Microgravity

4. Themicrogravity environment of low Earth orbit provides unique opportunities for research in the life
sciences (including human physiology and medicine), materials science, and fundamental physics. Further
progress in these areas will rely on the unique capabilities of the International Space Station (ISS). Although
the UK has so far opted out of microgravity research on the ISS, the potential scientific benefits are well
documented and were recognized by the independentMicrogravity Review Panel in 2003. This independent
report [1], which was commissioned by BNSC, concluded that the potential scientific benefits justify the
UK’s participation in the space station utilisation programme (ELIPS) and noted that:

“without access to such facilities . . . the UK will be excluded from entire areas of scientific
endeavour.”

5. Probably the most important scientific benefits of microgravity research will accrue to the life sciences
where research in the space environment has demonstrated the potential to provide unique insights into such
areas as gene expression, immunological function, bone physiology, and neurovestibular and cardiovascular
function. These areas are important for understanding a range of terrestrial disease processes (eg
osteoporosis,muscle atrophy, cardiac impairment, and balance and co-ordination defects), and as such have
potential medical applications here on Earth. The UK has a growing space biomedicine community well-
placed to benefit from, and contribute to, these important research fields.
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Space Astronomy

6. From almost the very beginning of the space age, astronomy has benefited from being able to place
instruments above the obscuring eVects of Earth’s atmosphere. Most of these observations have been
performed by robotic spacecraft, without human intervention. However, one of the principal lessons from
the most successful of these instruments, Hubble Space Telescope (HST), is that access to a human
spaceflight infrastructure can greatly extend the life, and enhance the eYciency, of space-based astronomical
instruments. Since its launch in 1990 the HST has been serviced by four Space Shuttle missions, and a fifth
now appears likely. As documented by a recent report of the US National Research Council [2], without
this human intervention the HST would have been a much shorter lived, and far less scientifically versatile,
instrument than it has in fact turned out to be.

7. There are important lessons here for the future of space astronomy. A number of large space-based
telescopes are currently being planned (including the James Webb Space Telescope and ESA’s Darwin
project, in both of which the UK has an interest), and the HST experience teaches us that the operational
lifetime, and scientific productivity, of these instruments are likely to be enhanced if a human spaceflight
infrastructure exists which is able to maintain and upgrade them. In the longer term, astronomy may also
benefit from a renewed human presence on the Moon, as the lunar surface provides an excellent location
from which to perform astronomical observations across a wide range of wavelengths.

Planetary Exploration

8. The Apollo programme clearly demonstrated the scientific value of astronauts as explorers of
planetary surfaces, principally because they bring agility, versatility and intelligence to exploration in a way
that robots cannot. Although it is true that humans will face many dangers and obstacles operating on other
planets, mostly due to their physiological limitations when compared to robots, the potential scientific
returns (resulting from rapid sample acquisition, the ability to integrate widely disparate data and past
experience into a coherent picture, and the on-the-spot ability to recognise observations to be of importance
even if they relate to phenomena not anticipated in advance) is more than suYcient to justify employing
astronauts as field scientists on other planets.

9. The scientific advantages of having human explorers on the Moon and Mars were recognized by the
October 2005 Report of the Royal Astronomical Society’s Commission on the Scientific Case for Human
Space Exploration [3], which found that

“Profound scientific questions relating to the history of the solar system and the existence of life
beyond Earth can best—perhaps only—be achieved by human exploration on theMoon orMars,
supported by appropriate automated systems . . .”

In the specific case of lunar exploration, these arguments have recently been reiterated by theUSNational
Research Council report on “The Scientific Context for the Exploration of theMoon” [4], which identified a
number of areas where a renewed human presence on theMoon would yield scientific benefits not otherwise
attainable. There is little doubt that the UK planetary science community would benefit from involvement
in these exciting activities.

Science Education

10. Space exploration is inherently exciting, and as such is an obvious vehicle for inspiring the public in
general, and young people in particular, to take an increased interest in science and engineering. This was
explicitly recognized in the conclusions of the UK Microgravity Review Panel [1]:

“We have also found considerable public interest in activities in space, particularly those that have
human involvement . . . This is important in addressing the need for future students to study
science and technology subjects and in engaging the public in scientific issues.”

A similar point was made by the RAS Report [3]. Although these arguments have so far fallen on deaf
political ears in the UK, such inspiration must be of value to any modern, knowledge-based economy,
especially at a time when the number of young people opting for careers in science and engineering is falling.

Industry

11. Human spaceflight is technically very demanding, and this is indeed one of the reasons why it is so
expensive. However, for this very reason, engaging in human space activities must necessarily act as a
stimulus for employment, skill development, and technical innovation in the participating industries. This
expansion of technical capabilities is likely to find applications in other areas of the wider economy.
Moreover, under the ESA principle of “juste retour”, expenditure incurred as part of ESA’s human
spaceflight programmes would be invested back in UK, thereby stimulating UK industrial innovation and
protecting UK jobs. Currently UK industry is eVectively excluded from these potential benefits.
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International Co-operation

12. Space exploration provides a natural focus for international cooperation, as indicated by the
collaboration of some 15 nation states (currently excluding the UK) in the construction and operation of
the ISS. In trying to build a stable geopolitical environment on Earth, it must be desirable to increase the
range and depth of such collaborative endeavours. Human space exploration is especially, and perhaps
uniquely, well-suited to enhancing a sense of global solidarity owing to its globally high media profile. From
this point of view, it would seem to be desirable that a major economy such as the UK is seen to be “pulling
its weight” in the international exploration of space.

Conclusions

13. The United Kingdom is the only major industrialised economy that has consistently declined to
participate in human space exploration, and the reasons for this anomalous situation need to be addressed.
Present UK government thinking on the subject was spelt out by the Science Minister, Lord Sainsbury, in
a speech at the Royal Society on 17 October 2001:

“We also do not intend actively to participate in manned exploration of the Solar System. This is
because we are not convinced that the benefits of human exploration go beyond the political and
cultural into the scientific and commercial . . . We require a solid justification rooted in science or
commercial arguments before supporting any human spaceflight programme.”

This is an interesting, if rather muddled, justification for present policy. It acknowledges that “political
and cultural” benefits of human spaceflight exist, but it implies that these are not in themselves suYcient to
justify investing in it. Instead, Lord Sainsbury’s statement attempts to justify UK policy regarding human
spaceflight by its alleged lack of scientific benefits.

14. However, as pointed out above, clear scientific benefits of human space exploration can in fact be
readily identified. Given that participation in human space activities would also be inspiring UK school
children, supporting UK industry, and making a positive contribution to international cooperation, there
appears to be a strong case for re-examining UK policy this regard. This is especially so given the new
international context provided by ESA’s Aurora programme, and the US Vision for Space Exploration,
where UK participation would provide wide-ranging scientific, industrial and educational benefits that
cannot obviously be attained in any other way.

15. In the light of the above I urge the Select Committee to take this opportunity to examine the case for
recommending a change in UK policy with respect to human space exploration, and in particular to assess
the possibilities for UK involvement in the human aspects of ESA’s Aurora programme (in preparation for
the next ESA Ministerial Council Meeting in 2008), and/or possible bi-lateral involvement with the US in
the Vision for Space Exploration.
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Memorandum 9

Submission from the Osmosis Unit

1. Executive Summary

1.1 Ongoing UK space medicine research, performed by the Osmosis Unit, has identified a mechanism
of fluid balance shifts in astronauts. Confirmation of this mechanism is predicted to lead to the development
of novel pharmacological agents to overcome these fluid shifts, make space flight more tolerable, and
prevent the orthostatic intolerance presently exhibited by astronauts on their return to Earth gravity. This
research will have a positive impact on the status of British Scientists across the world.
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1.2 The terrestrial impact of this research is predicted to be the development of medical devices for the
assisted diagnosis and therapeutic monitoring of hypertension, oedema and shock. In addition, four new
pharmacological agents for the treatment of these diseases are apparent from this research.

1.3 The estimated annual income from the four diagnostic devices and drugs is $4.5 billion. However, for
this research and its related intellectual property to remainwithin theUK, Britainmust be an active member
of ESA. Failure of the UK to join will inevitably result in the loss of this potential income and its transfer
to Europe or the USA.

2. Introduction

2.1 Exposure to just a few days of weightlessness results in the inability to stand on return to the Earth’s
surface.1–2 Weightlessness also results in a shift of plasma volume from the lower to the upper part of the
body3–4 and an overall decrease in total plasma volume.5 These findings challenge the Starling Hypothesis
of fluid exchange,6 one of the fundamental hypotheses of cardiology. The implications of this on the
diagnosis and therapeutic treatment of cardiac disease are immense.

2.2 The Osmosis Unit has been investigating fluid exchange since it was spun out of the Health Service
in 2000. Fluid balance and exchange are controlled by the interaction of the capillary blood pressure and
the osmotic pressure across the capillary membrane (MOP). TheMOP of plasma is highly dependent on the
pore size (permeability) of the capillary wall7 which is highly dynamic. Pulse Reverse Osmosis8–10 (PRO) is
a new theory of fluid exchange which suggests that fluid balance is controlled by capillary pore size and fluid
exchange is controlled by the capillary pulse.

2.3 The changes in fluid balance and exchange in astronauts led to the design of a study investigating the
eVects of gravity on plasma MOP. Results from this preliminary study are presented below.

3. Preliminary Results from the Study

3.1 Change in posture from lying to standing in six informed healthy volunteers resulted in a 13.7%
increase (Fig 1) in MOP10K (t test p'0.001), a 10.6% change in MOP1K (p'0.001) and a 0.4% change in
plasma osmolality (MOP0K) which was not significant (p % 0.30).

Fig 1 EVect of change in posture on plasma MOP10K
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3.2 The Starling hypothesis predicts that changes in plasma osmotic pressure results from the movement
of water between the plasma and the interstitium. If this were the case, the percentage change in MOP’s
measured across the three membranes should be the same as they would all be diluted by the same amount.
However, the measured % change was diVerent for all three measurements (Fig 2).
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Fig 2 Percentage change in MOP between lying and standing for MOP 0, 1 and 10k Dalton
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3.3 These changes are consistent with the concept of change of capillary pore size with change in
hydrostatic pressure. The finding that the change in MOP10K is greatest suggests that the tight junctions
between epithelial cells in the capillary are changing in size with posture.

4. Tilt Table Studies

4.1 As a follow-on from these preliminary studies we have established links with the department of Sports
Medicine at Glasgow University to further investigate these changes. This study has been set up to
investigate the osmotic, pulse and blood pressure changes in informed volunteers on a tilt table. Fig 3 is
typical of the changes observed.

Fig 3 Cardiac and osmotic changes observed in tilt table tests
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The results from this one volunteer show a slowly increasing MOP10K over the 30 minutes following the
change in position, coupled with a transient rise in diastolic blood pressure and pulse rate. The observed
changes are consistent with the predictions from PRO that fluid balance is related to pore size and the pulse
changes transiently to rebalance fluid exchange.

4.2 We are planning to incorporate 6) head down tilt into this experiment in order to mimic the eVects
of hypogravity. If the results of this study are satisfactory we would aim to obtain samples from astronauts
in the International Space Station.
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5. Significance to Space Exploration

5.1 The short-term aim of the research is to establish the physiological mechanisms underlying the fluid
balance shifts and orthostatic intolerance during space flight.

It is our hypothesis that the body maintains postural fluid balance by constricting the pores in the lower
part of the body (below the heart) and opening them in the head. Exposure to long term weightlessness
temporarily suppresses pore diameter variation on return to Earth gravity and results in orthostatic
intolerance. Identification of the mechanism will enable the development of pharmacological and physical
methods of overcoming these changes.

6. Terrestrial Significance of this Research

6.1 In addition to their relevance in space medicine these studies also provide a platform for testing the
principles underlying PRO. This hypothesis suggests that hypertension, oedema and shock are all
imbalances between the capillary pulse pressure and the plasma membrane osmotic pressure (Fig 4).

Fig 4 Cardiac diseases as predicted by PRO
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6.2 Practical demonstration of the imbalances shown in Fig 4 will logically lead to the invention of novel
medical devices for the assisted diagnosis and therapeutic monitoring of these diseases.

6.3 Fig 4 suggests four imbalances between the capillary blood pressure and the MOP pharmacological
treatment would be designed to change the pore size or blood pressure until the patient parameters moved
from the disease to the homeostatic area. Four new pharmacological agents would be required to achieve
osmotic and blood pressure equilibrium.

7. Economic Impact this Research

7.1 PRO provides a basis for the design of medical devices for the assisted diagnosis and therapeutic
monitoring of hypertension, oedema and shock. Present ECG, blood pressure and other monitoring devices
have amarket estimated to be $1-5 billion annually. If PRO-relatedmedical devices took 10%of thismarket,
this would represent an income to the UK of $100 to $500 million per year.

7.2 Profits on a standard me-to cardiovascular drugs are generally in the region of $500 million per year.
If less than that most pharmaceutical companies would consider them to be uneconomic. Novel blockbuster
therapies are expected to gross at least $1billion annually. PRO suggests four novel pharmacological
entities. These have the potential to be worth $4 billion annually to the UK.

8. Conclusion

8.1 UKSpacemedicine research has already suggested amechanism for fluid shifts in astronauts. Further
research should show if the relevance of this mechanism on the development of orthostatic hypotension in
astronauts returning to Earth gravity. In addition this research provides a novel method of testing the
principles underlying PRO a new physico chemical model of blood pressure. Proof of these principles is
predicted to lead to the development of newmedical devices and four pharmacological agents. The potential
value of these devices and drugs to the UK is estimated at $4.5 billion annually.
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8.2 All of the above is dependent on the UK being an active member of ESA space medicine research
program. Failure for the UK to join will inevitably result in the loss of this potential income and its transfer
to Europe or the USA.

October 2006
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Memorandum 10

Submission from the Space Foundation

Executive Summary

1. Great Britain’s historic investment in the Admiralty made her both prosperous and a leader among
nations. Today a new age of space admiralty is upon us, and Great Britain’s investment in space assets and
capabilities are key to it remaining a vibrant and innovative nation. Space is the foremost medium for
obtaining national means and capability across the full spectrum of civil, commercial and national security
operations of government. Great Britain’s peers, allies and competitors recognise this fact and continue to
invest in space capabilities to position themselves for the future.

2. A strong space policy for Great Britain does not always or necessarily have to mean direct funding of
programmes from tax receipts. The government can do many things, from collaborating with other nations
to promoting private investment in space. By oVering tax incentives and streamlining regulatory jurisdiction
over the space industry, government can be responsive to the needs of the existing space industry as well as
the emerging entrepreneurial space community. It is noteworthy that within this emerging entrepreneurial
space community, Great Britain is already a leader in certain niche sectors—for example via the innovation
of Surrey Satellite with its world-class small satellite programmes, or the eVorts of Sir Richard Branson, who
has established Virgin Galactic as a pioneer in commercial space tourism.

3. In addition to providing high-wage, high-skill jobs for the British workforce, vibrant space activities
can assure Great Britain a leadership role in such emerging sectors as nanotechnology, biotechnology,
information technology and the products and services that will emerge through the fusion and integration
of these economic drivers of the future.

4. Finally, there is an important humanistic and social aspect toGreat Britain’s space policy.Dating back
to the time of Stonehenge and perhaps even earlier, Britons looked to the stars and sought to understand
the fundamental questions of human existence. This desire for answers to fundamental existential questions
continues to drive scientific inquiry, most especially and particularly in space. These activities in turn
captivate the imagination, and inspire and propel young people throughout the world to study Science,
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Technology, Engineering and Mathematics (the “STEM” disciplines). In the innovation and technology-
driven economies of the future, competitive nations will be defined by a workforce steeped in STEM
education. Space is unmatched in its ability to capture the imaginations and excite the minds of today’s
youth, tomorrow’s citizen.

Introduction of Elliot G Pulham

5. Elliot Pulham was named President and Chief Executive OYcer of the Space Foundation 16 January
2001, and leads this globally respected non-profit organisation in the pursuit of its mission:

6. To vigorously advance civil, commercial and national security space endeavours and inspire, enable
and propel tomorrow’s explorers.

7. Pulham leads the premier team of space, education, research and policy professionals providing
services to educators and students, government oYcials, the news media and the space industry around the
world. The Space Foundation is headquartered in Colorado Springs, Colorado, and has oYces in
Washington, DC, Cape Canaveral, Florida and Houston, Texas.

8. Mr Pulham brings national award-winning experience to a Foundation focused on creating public
awareness and support for space endeavours, and on using the excitement of space to inspire academic
achievement. Prior to joining the Foundation, he was for a decade senior manager of public relations,
employee communication and advertising for all space programmes of The Boeing Company. As such he
served as spokesperson at the Kennedy Space Center for a half-dozen space shuttle flights, including the
Magellan, Galileo and Ulysses interplanetary missions. He is a holder of the coveted Silver Anvil Award
from the Public Relations Society of America—the profession’s highest honour. In 2003 the Rotary
National Awards for Space Achievement Foundation presented him with the rarely conveyed Space
Communicator Award, an honor he shares with legendary CBS News Anchor Walter Cronkite and CNN
News Anchor Miles O’Brien. Mr Pulham is a Lifetime Member of Strathmore’s Who’s Who.

9. Mr. Pulham is widely quoted by national, international and trade media in their coverage of space
activities and space-related issues, and his monthly column Space Watch: The View from Here enjoys a
global industry audience. His non-profit experience includes having been Executive Director of the Kona-
Kohala Chamber of Commerce, and Director of Corporate Communication for the Boeing Employees
Good Neighbor Fund. Of part-Hawaiian ancestry, he is a 1973 graduate of the Kamehameha Schools and
an alumnus of the University of Hawaii. Mr Pulham and his wife, Cynthia, are annual underwriters of the
Lucy Enos Memorial Scholarship for Teachers which, through educator professional development, serves
children of Hawaiian and part-Hawaiian ancestry.

10. Mr Pulham is a member of the national board of advisors of the RNASA Foundation, a member of
the board of advisors of the National Institute for Space & Security Studies and a member of the Chief of
StaV of the US Air Force Civic Leader Advisory Group. A resident of Colorado Springs, he lives in Pinon
Valley with his wife, Cynthia, and son, William. He is an avid downhill skier and motorcycling enthusiast,
and spends his spare time outdoors in the Colorado Rockies and, whenever possible, in his native Hawaii.

Introduction of The Space Foundation

11. The Space Foundation was founded 21 March 1983, “to foster, develop and promote, among the
citizens of the United States of America and among other people of the world . . . a greater understanding
and awareness . . . of the practical and theoretical utilisation of space . . . for the benefit of civilisation and
the fostering of a peaceful and prosperous world.” As a not-for-profit corporation working for the public
good, the Space Foundation is granted tax-exempt status by the US government. It has its headquarters in
Colorado Springs, Colorado and additional oYces in Washington, DC, Cape Canaveral, Florida and
Houston, Texas.

12. As the global space community has evolved, so has the Space Foundation—embracing all facets of
space—commercial (including telecommunications and other satellite-based services), civil, and national
security. In fact, the Foundation is one of few “ecumenical” space-related organisations to embrace the
totality of this community rather than focusing on a narrowly defined niche. This breadth of experience
includes its long-standing service as part of the United States delegation to the United Nations Committee
on the Peaceful Uses of Outer Space, and its collaboration in Great Britain with the Society of British
Aerospace Companies and its United Kingdom Industrial Space Committee—as well as past collaboration
with the British National Space Council.

13. In the 23 years since its founding, the Space Foundation has become one of the world’s premier
nonprofit organisations supporting space activities, space professionals and education. Its accredited
education programs have provided transformational training for more than 30,000 teachers in all 50 US
states and several foreign nations. Another 20,000 teachers world-wide are currently registered users of the
Foundation’s on-line curriculum andmore than 100 have obtained theirMasters Degree in Curriculum and
Instruction-Space Specialist through the Foundation. The organisation conducts two of the top three
conferences for space professionals anywhere in the world today: Strategic Space and Defense is focused on
the national security space and other strategic programmes of the US and its allies, and held in support of
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United States Strategic Command in Omaha, Nebraska. The premier annual space conference in the world
is the Space Foundation’s renowned National Space Symposium, which each April attracts nearly 8,000
space professionals from the highest levels of government, industry and academia from around the world
to Colorado Springs.

14. Chairman Willis and all esteemed members of this important committee, on behalf of the Space
Foundation and its Board of Directors, I thank you for the opportunity to present testimony that I hope
will be of value as you commence this inquiry. I thank you for your time and attention, as well as commend
you for the timeliness of this most important inquiry.

15. The Timeliness and Framework of this Inquiry

Your inquiry is indeed timely. In just a few short weeks, The Space Foundation will release “The Space
Report—2006: The Guide to Global Space Activity.”This publication, a product of our research and analysis
enterprise, has been nearly 18 months in the making and will for the first time establish a gold standard of
reference on the breadth, scope, magnitude, impact and promise of space activities around the world.
Although the report has not yet been released, I am privileged to share with you in advance some of its
key findings:

16. The total revenues, or turnover, generated by global space activities in 2005 can be very conservatively
demonstrated to exceed $180 billion US dollars. This is not an economic impact estimate, but rather a direct
measurement of actual industry revenue. Due to our cautious methodology, this is a very conservative
estimate. Further, due to our own financial limitations, the Space Foundation was not able to perform new
and original research into certain sectors where we believe significant additional activity will eventually
be revealed.

17. According to the report’s newly created Space Foundation Space Index, which tracks the financial
performance of the space industry according to carefully weighted investment community measures, the
space industry between June 2005 and June 2006 grew more rapidly than, and financially out-performed,
both the NASDAQ and S&P 500 indices.

18. The vast majority of space revenues are commercially driven and derived. Government investment
and policy serves as a catalyst for the creation of new technologies, industries and knowledge which private
enterprise then transforms to provide commercial products and services while creating new wealth.

19. Our report, when published, will run more than 200 pages in length and is extremely dense with data.
However, for the purposes of your inquiry, I think these three top-level findings are very important. They
tell us that the global space industry is very large, growing very rapidly, and transforming business and
industry around the globe at a very rapid pace.Great Britain should not allow this phenomenon to pass it by.

20. Tradition and Tomorrows

Great Britain has a proud tradition of exploring the unknown, making technological innovations, and
helping the world understand space. As far back as 1576 when the British mathematician and astronomer
Thomas Digges used computations to track the orbits of the planets as well as the true location of our sun,
and continuing today with British-born astronauts Michael Foale (who has logged more than 370 days in
space) and more recently Piers Sellers who flew this past summer aboard the Space Shuttle Discovery to the
International Space Station.

21. Modern British involvement in space is also non-governmental. Helen Sharmanwas the first non-US,
non-Russian woman in space as well as Britain’s first astronaut. More recently Sir Richard Branson has
unveiled his Virgin Galactic company that will usher in a new era of commercial space travel. Virgin
Galactic’s first operating base, as well as the lion’s share of its initial customer market, will be in the United
States; accordingly the Space Foundation is actively engaged at the level of US policy in encouraging a
regulatory environment that will favour the success of Virgin Galactic.

22. Much of Great Britain’s history has demonstrated that nations thrive when they innovate and
explore. This proposition requires a frontier to push against. Such a tension leads to all manner of
technology benefits that help not only the pioneers themselves, but eventually ripple out to benefit all
humanity. Since the dawning of the Space Age, the lives of humans the world over changed by the
knowledge, technology, products, services, inspiration and hope that have come from the exploration of this
final, limitless frontier.

23. I commend your committee for the timeliness of your inquiry. NASA has been given a new mandate
to break the bonds of low Earth orbit and return to the Moon (this time, to stay) and to press on to Mars
and other destinations within our solar system. The US Department of Defense has seen an ever increasing
utility and value in how space assets aid our men and women in uniform. GoogleTM has helped make
commercial remote sensing capabilities a common utility accessible to all. GPS provides the world with free
and precise navigation and timing signals. Satellites provide television and radio services around the globe,
to even the most remote locations, oVering a rich and diverse set of programming. A new generation of
entrepreneurs is actively developing new ways of getting people and cargo into space. As measured by
revenue, fully 61% of this activity is commercial—new forms of commerce that are laying the foundation
for the coming age. Knowing our good and close friends “across the pond” as we do (it was not mere
happenstance that one of our space shuttles was named “Endeavour”) we are certain that Great Britain will
want to be at the forefront of this new age of “space admiralty.”
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24. What is at hand, and what is therefore indicated

A comprehensive British space policy needs to take many factors into consideration. This brief testimony
can therefore only touch lightly upon the many realities you must address:

25. Strengths

Great Britain indeed enjoys many strengths in space. Your national space policy should play to these
strengths. From our perspective, a principal strength is your university space research programmes. While
this historic strength has been tainted somewhat by the recent failure of the Beagle mission to Mars, there
is recognition that British universities have contributed consistently to the body of knowledge and state of
the art. British scientists and researchers contribute to satellite technology and astronomy. These enable the
nation to participate in a variety of international programmes and thereby leverage a comparatively modest
national investment.

26. Another unsung strength is Great Britain’s industrial base, which is highly capable and increasingly
organised around technology clusters that support space. The activities of the Society of British Aerospace
Companies and the United Kingdom Industrial Space Committee have done much to create opportunities
and a positive impression in the global markets.

27. Weaknesses

The lack of a visible and coherent national space programme, or well-funded agency, with clear goals,
objectives and means, works against Great Britain in many ways. The British National Space Center is
poorly funded, has a limited area of responsibility, and does not appear to be in the lead in any particular
area. You cannot point to the “British Space Programme” with the kind of clarity that you can point to the
US space programme, or even theChinese, Indian, or Japanese space programmes. This creates a perception
that the United Kingdom is not “in the game.”

28. This posture leads potential investors to view Great Britain with some scepticism. The industry does
not appear to enjoy much support from government. In Toulouse, or Bangalore, or San Jose—space
companies know they’ll enjoy a warmwelcome, a relatively favourable business climate, and strong political
support. There is no such sense where Great Britain is concerned.

29. Opportunities

There are many great opportunities. The rejuvenated NASA space exploration programme is going to
require international partners and participants. The small-satellite technologies being pioneered at Surrey
Satellite, if properly supported by government, could shift the centre-of-gravity for satellite manufacturing
fromFrance and theUS toGreat Britain. AsUS defence budgets come under increasing pressure, theremay
be opportunities for Great Britain to develop an indigenous national security space capability by
undertaking specific projects that jointly serve your Ministry of Defence and our Department of Defense.
Our counsel would be to look at each of the three major sectors of the space industry—civil space,
commercial space, and national security space—and identify a core capability thatGreat Britain can provide
better than anyone else. In addition the nation should wrap the Union Jack around every innovative space
project it can—from exported satellites to the space ships of Virgin Galactic—and cement a reputation as
a space faring nation.

30. Threats

The perception that Great Britain is not poised to compete with the finely tuned and highly focused eVorts
of competitor nations is a significant threat, and has been touched upon previously in this testimony.

31. Beyond that perception, we believe the single biggest threat to your ability to grow the British space
economy comes, regrettably, from United States export control policy. Since the imposition of strict space
and satellite export control regimes by the United States, companies in both countries have been injured.
Close business associates are no longer able to speak with one another. Technologies that once flowed freely
between the US and the UK have been fenced oV. Companies that once routinely did business with each
other have become isolated from one another and, in some cases, have closed their doors. US industry,
because of financial self-interest in the outcome, has been ineVective in arguing for meaningful reform. We
believe that high-level government-to-government discussions are in order, and that US policymakers
would be receptive to hearing these concerns from a most trusted friend and ally like Great Britain.

Summary

32. In summary, the Space Foundation would once again like to thank ChairmanWillis and all esteemed
members of this committee for their vision and the time and attention that you are giving to this important
matter. The economy of the future is, indeed, the space economy. There are many opportunities for Great
Britain to assume a leadership position in this new “space admiralty,” but the ability to seize those
opportunities will depend upon having a solid framework of a well-crafted national space policy in place.
We in the United States have been, and ever shall be, your friends. We look forward to strengthening these
bonds of friendship. If the Space Foundation can further assist you in any way, we stand at the ready.

October 2006
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Memorandum 11

Submission from Dr Simon N Evetts

1. Executive Summary

2. Britain has been considered one of the great nations with regards to spacemedicine since the early days
of air travel. Our lack of participation in human space travel has meant that we are not a world leader in
the associated field of space medicine and indeed we are lagging behind most of the developed nations in
this regard. The lack of national support for space medicine research and human space flight is such that
the scientific, medical and financial gains that result from these activities are not accrued by Britain.
Furthermore, without British people working in space and the possibility for British school children being
able to do the same, a hugely potent means of inspiring the young to learn about science is absent.

3. Without active participation in space medicine research and human space flight activities, Britain will
not only continue to fall behind its peers but will almost certainly finds itself economically disadvantaged
when the burgeoning private space sector in conjunction with national space programmes lead to a
significant and vibrant global space industry in the near future. This letter oVers personal insight and
experiences to support these contentions.

4. Commentary

5. A field in which early British physicians and physiologists proved ahead of their time and in which
Britain has ranked amongst the elite nations for some decades is that of aviation medicine. Aviation
medicine is an integral element of the aviation industry without which the enormous potential of this
industry could not have been realised. The natural progression for aviationmedicine is to become the science
of aerospace medicine in this embryonic age of space travel. Over the forthcoming half century, space travel
will be as important and as integral to world aVairs and economy as air travel has proven to be over the last
50 years. As the commercial space industry becomes established, which with Virgin Galactic proposing to
place 1000s of tourists in space over the next decade, it is starting to do, the scientific, economic, medical
and educational interests of all developed nations will be strongly influenced by the degree of integration a
given nation has with the international space industry.

6. Although there are numerous Britons working in the field of human space flight in the States and
Europe, because of the lack of governmental support here in the UK, there are very few who are actively
engaged in associated research living and working in Britain itself. I am one of these few. The activities
researchers likemyself are involved in are often self-funded or funded through indirectmeans, normally only
to the extent in which a minimal contribution to the fields in question is possible. Our country has already
fallen behind the majority of developed nations with regards to space life science and the terrestrial spin-
oVs that result from such work. Without direct action now Britain will find itself at a disadvantage with
regards to all industries that will be economically tied to the burgeoning commercial space industry in the
future and with respect to advances in medicine, education, life science research in general and associated
commercial activities.

7. It is all very well stating that the above argument is the case but actual hard facts are required to
support the notion. I am a co-Principal Investigator of a joint Brazilian/British space life science research
team. Amongst a number of research programmes we are pursuing, is one in which a device for taking blood
in microgravity has been developed and is being validated. We have recently proven that the device and its
associated procedures work in microgravity during ESA parabolic flights. Although it was conceived
primarily for use in space it has become very evident over the last few years that the terrestrial applications
far outweigh those of the space. The device, if it passes full clinical validation, will, under many
circumstances, oVer a quick, easy and cheap substitute for the commonly used arterial puncture and venous
samplingmethods of blood sampling.We expect that hospitals, medical centres and research establishments
around the world will be interested in this device. Our research over the last 5 years has been almost entirely
self-funded. The grant applications that have been submitted have all been turned down due to the nature
of the work (in the UK the field of human space flight research falls into the void between national funding
bodies). There is huge commercial potential in our work, but because of the virtual absence of support in
Britain we are currently in negotiations with anAmerican company concerning the continuation of the work
through clinical trials and the subsequent commercial exploitation of this initiative. The prestige, indirect
spin-oVs, financial gain and more than likely the future development of the research programme will fall
in to the lap of that nation which is so astute at encouraging, nurturing and profiting from new ventures,
America.

8. There are other issues, however, equally as important as the direct financial argument, foremost
amongst these is the ability of “space” to inspire the young to study science. As a space life scientist I have
spoken at schools, and have consequently learned that space is one of the top two or three most attractive
subjects to children. We have 100s (maybe 1000s?) of people involved in space engineering, electronics and
other hard sciences and many in the soft sciences, but what inspires children is whether they can actually go
into space themselves, not what space jobs they could do on the ground. The key issue is that there must be
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the possibility (even if it is remote) for a Briton to float about in the “great weightless playground” for the
children to be really inspired. It’s not the job I do that gets the kids’ attention, it’s the pictures and video
footage of me bobbing about weightless that grabs them.

9. With regard to this one issue (inspiring kids), whether Britain follows a government-funded astronaut
programme or a private sector “tourist” programme, the crucial point is to have UK professionals who
actually visit or work in space, however they get up there. It is these jobs that will lead to an increase in
science interest and motivate older children to go to university to get the necessary qualifications to be an
“astronaut” (whether it be astro-physician, astro-engineer, astro-psychologist, atro-pilot or whatever). The
increase in science activities and all its associated spin-oVs and the positive eVect onUK industry will benefit
everyone.

10. Britain is considered a Lion amongst antelope in the field of aviation medicine, but we are doomed
to be nothing more than a Sloth in the bushes if our government does not embark upon a course of active
participation in the field of human space flight. We must be involved now; we must make up for lost time
and we must support the growing private space sector with sound, empirical science. If we do not we might
as well drop the “Great” from Great Britain today, for this second Space Age will be dominated by those
that embrace the challenges and actually participate!

October 2006

Memorandum 12

Submission from Bristol Spaceplanes Limited

The Aeroplane Approach to Space Transportation

Summary

The UK is in a good position to lead an imminent transformation of spaceflight, with potentially great
economic and political benefits.

Sub-orbital passenger flights are likely to start by around 2010. If these are successful, the natural follow-
on development is a small orbital spaceplane (ie, an aeroplane capable of flying to and from orbit). This will
be used for pioneering orbital space tourism. It will also greatly lower the cost of launching small satellites
and supplying the International Space Station. With economies of scale and maturing technology, the cost
per seat to orbit will eventually be reduced by a factor of 1,000 compared with the cost today. This is a
measure of how much less aeroplanes cost to operate than ballistic missiles, developments of which have
been used for all space flights to date.

The result will be airline travel to orbit, which will make very large scientific instruments and space probes
readily aVordable.

The key project for progress towards lower cost access to space is the small orbital spaceplane.
Development costs can be surprisingly low and the UK has all the technology and intellectual property to
take the lead.

The main hurdle is that this opportunity is not yet suYciently widely accepted to provide the basis for
action.

1. In the 1950s, it was expected that spaceplanes (rocket-powered aeroplanes capable of flying to and
from space) would be used to send the first people to orbit. In the event, pressures of the Cold War led to
converted ballistic missiles being used instead. The habit has stuck, and expendable launchers based on
ballistic missile technology have been used ever since. The early designs for the Space Shuttle were fully
reusable, but a budget cut forced NASA to rethink. They had a choice between a smaller but fully reusable
design (like the earlier European Aerospace Transporter projects) and maintaining the original size but
giving up on full reusability. The politics of megaprojects overcame engineering and commercial common
sense, and the resulting design was largely expendable. The Shuttle thereby became as expensive and risky
to operate as the preceding manned spacecraft launched by expendable vehicle.

2. To those who were aware of the potential of spaceplanes to reduce greatly the cost of access to space,
this was amajor setback because it meant a long delay in the introduction of an aeroplane approach to space
transportation. Since then, more people have come to share this view, and a private sector spaceplane
movement has evolved. This movement soon recognised that space tourism was likely to become the largest
market for spaceplanes. In 2004, the first privately funded spaceplane—SpaceShipOne—reached space
height, and Virgin Galactic is now planning to operate passenger flights with a developed version. Several
competing companies are close behind.

3. There will probably be suYcient passenger demand for some of these ventures to be successful,
although start-up costs and times may be more than planned. These flights will be sub-orbital in that they
will be fast enough to climb to space for a few minutes but not fast enough to stay up like a satellite. The
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natural follow-on development is an orbital spaceplane, whichwill require roughly twice the height, six times
the speed, and ten times the development cost of a sub-orbital one, together with an additional five years
for development.

4. These early orbital spaceplanes will have short lives and high maintenance costs by aeroplane
standards. Nonetheless, they will be less expensive to operate than expendable launchers of comparable
performance. A beneficial downward cost spiral will then start, with lower costs leading to higher traYc
levels, which will provide the funding to improve the design, which will lead to even lower costs, and so on
until the lower cost limit of vehicles with conventional materials and chemical rockets is reached.

5. Analysis by Bristol Spaceplanes Limited (BSP), [1], and others indicates that the cost per seat to orbit
in a large mature spaceplane will then be a few tens of thousands of pounds and that more than one million
people per year will visit space hotels. We further suggest that this could possibly be achieved within as little
as 15 years, given a massive development programme—six years for a prototype small orbital spaceplane
and about nine to enlarge and mature the design. The funding for such a rapid programme depends on a
“gold-rush” eVect with major players investing heavily to be first to market as soon as the potential for
spaceplanes is more widely appreciated.

6. However long it takes, the result will be airline travel to orbit, leading to very large instruments and
space probes becoming aVordable, and hence to breakthroughs in space science and exploration. Space
tourism is likely to become the largest business in space, possibly worth one trillion Euros over the next 25
years. Pilot schemes for solar power satellites will become aVordable. If feasibility is demonstrated (which is
by nomeans certain), such satellites could providemuch of this planet’s energy requirements without carbon
dioxide emissions. (The energy reaching the Earth from the Sun in just three days is equal to that in all known
fossil fuel reserves.)

7. Such low costs will alter the trade-oV between human and robot towards where it is today for terrestrial
activities. For example, some Antarctic observatories are manned, others not—the choice is based on cost
and is not a big issue.When spaceplanes enter service, a similar situationwill probably apply to space science
and exploration.

8. The key project for triggering this progress towards low-cost access to space is a small orbital
spaceplane. Development costs can be surprisingly low. In 1994, BSP completed a feasibility study funded
by ESA of its Spacecab orbital spaceplane [2]. This showed that advanced technology was not required and
that the development cost of operational prototypes was equivalent to about two Shuttle flights. An
independent review, commissioned by the then Minister for Space, Ian Taylor, and managed by BNSC,
broadly endorsed these conclusions [3]. A more recent study, partly funded by the DTI, showed that
operational prototypes of the BSP Ascender sub-orbital spaceplane could be built for about 50 million
pounds [4]. These prototypes would be used for early sub-orbital tourism and progressively developed
towards design maturity, using the profits from these early operations to provide the funding.

9. Perhaps surprisingly, the UK is well placed to lead this process and become the centre for a large new
European spaceplane industry, with big economic and political gains. We have the required technology,
excellent design concepts, and are not committed to expensive manned space projects whose only
justification has been prestige.

10. Of aeroplanes that have actually flown, and with the possible exception of SpaceShipOne, the one
most suitable for providing the basis of a space tourism industry is the Saunders Roe SR.53 rocket fighter
that first flew in 1957.

11. If it had entered service, the RAF would soon have had a practical and mature rocketplane with long
life and rapid turnaround. With straightforward development, the SR.53 could have had sub-orbital
performance. Indeed, when it was cancelled in 1958, Saunders Roe did propose a space research variant.

12. A commercial development could have been built to carry passengers on space experience flights,
much as now planned by Virgin Galactic using the US SpaceShipTwo. Thus, routine sub-orbital flights
could have been achieved by the late 1960s. With economies of scale and maturing technology, the cost per
seat would eventually have approached that of a long-range business jet at just a few thousand pounds.
Orbital spaceplanes could have followed a few years later, probably based on one of the 1960s European
Aerospace Transporter projects [5].

13. If this had happened, spaceflight would have evolved naturally into an everyday and widely
aVordable business. That it did not provides a one-time opportunity for the UK to lead a spaceflight
revolution.

14. These conclusions are not yet widely accepted but nonetheless follow from robust analysis based on
applying to space transportation themethods used for the concept study of advanced aeroplanes.We would
like the Committee to recommend that the prospect for low-cost spaceplane development be included in
appropriate Government policies and mechanisms for support to industry.

October 2006
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Memorandum 13

Submission from James Molony, Medical Student, University of Glasgow

I am writing to you as an individual who has had a keen interest in space flight since an early age, and
who would very much like to see the further pursuit of it by the British government. For the past two years
I have attended the UK Space Medicine conferences held in Leicester; I have been fortunate to meet people
that sharemy interest in the eVects of space travel on the humanbody and how this knowledge can be applied
to terrestrial conditions. However due to the lack of funding provided by the British government for this
endeavour our group is very much at a crossroads, and needs to have a commitment from the British
government to support us if we are to grow further.

There are several reasons as to why I believe investing in a British manned space programme to be
worthwhile, especially with regard to medical research. Foremost is the fact that the UK has a number of
talented individuals who are interested in this area, but find themselves unable to act without help from the
government. The personnel are there to provide the embryonic team of a dedicated manned space
programme who simply need the support to do so. Learning about human physiology in space provides us
with the answers to questions posed here on Earth and there could be in the future medical spin-oVs from
a British manned space programme.

Speaking as a citizen of the Republic of Ireland, my country has realized the way space captures the
imagination and have sought to utilize this for the past several years. The FAS “Science Challenge”
programme seeks to use space to promote Science and Engineering in careers (http://www.fas.ie/science/
index.html).With science courses seeing a downturn in theUK the announcement of an investment in a field
which is as much in the public eye as manned space flight might provide a catalyst for renewed interest in
the sciences, providing a firm skills basis for the country in the future.

I hope that these arguments, along with similar ones presented by my colleagues, will persuade you into
realising just how important manned space flight is. The UK is at a crucial junction with regard to space
medicine. The interest is there now—if nothing happens then these people might seek to go elsewhere to
further their dreams and it will be too late. And that would be a shame.

October 2006

Memorandum 14

Submission from the Space Group Committee of the Royal Aeronautical Society

Introduction

1. The Royal Aeronautical Society (RAeS) is the Learned Society for the Aerospace and Aviation
community. Based in London, it has a world-wide membership of over 19,000, with over 13,000 in the UK.
Its Fellows and Members represent all levels of the aeronautical community both active and retired.
Through its various Boards and Committees, it can draw upon considerable experience and expertise in
aviation matters. In addition, the Society has over 120 organisations who are members of its Corporate
Partners scheme.
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Summary

2. The Select Committee is invited to consider the results of a consultation exercise on whether Britain
should join the other G8 countries by funding a human spaceflight programme. The authors of this evidence
are highly sceptical of the merits of any such programme, and summarize here the results of a consultation
exercise on this subject undertaken under the aegis of the Royal Aeronautical Society (RAeS).

Human Spaceflight—UK Policy

3. The Space Group of the RAeS has been consulting widely on the subject of UK human spaceflight
policy. Although the subject of human spaceflight is not explicitly mentioned in the Select Committee’s
invitation to submit evidence, the Committee may wish to take note of the results to-date of our
consultation.

4. The RAeS consultation began with publication of a Discussion Paper in the December 2005 issue of
the Society’s Aerospace Professional magazine that is distributed to all of the Society’s 19,000 members.
Presentations on the ideas in thatDiscussion Paper were given at a number of conferences over the following
threemonths, resulting in comments being received from the general public as well as fromSocietymembers.
A paper describing the results of this consultation exercise is being prepared, and a preliminary version was
presented at the SPACE 2006 conference in California in September 2006. Copies of the original Discussion
Paper and the SPACE 2006 paper are attached for information.

5. In general our view is that this is a good time to review human spaceflight policy because of the phasing
out of NASA’s space shuttle, and the emergence of a commercial space tourism market—currently being
pioneered by the UK’s Virgin Galactic. We are generally negative about investing British tax payers’ funds
in conventional human spaceflight programmes such as the International Space Station, taking the view that
they do not address the subject of solar system exploration. We consider that most if not all scientific
exploration of the moon can be done via robotic probes under remote control from Earth—telerobotics—
because the round-trip delay for radio control signals is about 3 seconds. We recommend that telerobotic
exploration of the moon be used to analyse which forms of planetary scientific exploration require a human
in the loop, and which can be automated, before deciding on the level of human involvement that is best for
exploration of Mars.

6. We are impressed with the rapid pace of intelligent automation in recent years—the October 2005
Grand Challenge competition in the USA being a particularly impressive illustration of the sophistication
now possible with totally autonomous vehicles—a car negotiating a 180km complex and dangerous
mountainous route at an average speed of about 20mph. Improvements in such intelligent automation are
set to continue for a decade or more, thus reinforcing the economic argument for using robotic and
telerobotics technology where possible.

7. We note the view of other recent reports that at least one aspect of scientific exploration of the moon
or Mars requires the physical presence of a human, namely drilling deep below the surface. However, we
are cautious about accepting this view given that the oil and gas exploration industry is beginning to apply
digital technology to drilling—the so-called “digital oil field” initiative. The oil and gas industry is very
interested in improving the technology for drilling in dangerous and diYcult to access locations, which could
give them common cause with scientists seeking to drill on the moon or beyond.

8. The sort of incentives that produced the Grand Challenge innovation might be successfully targeted at
remotely controlled drilling—that is to say, by oVering a prize for achievement of such drilling instead of a
conventional research grant. We note that the technology being commercially exploited by Virgin Galactic
for space tourism was also the winner of a competition or challenge, the AnsariX-Prize. Furthermore, both
the Grand Challenge and the X-Prize involved commercial spin-oV, which is often not the case with
conventional research grants. We certainly do not advocate the termination of all research grants, but are
persuaded that a carefully constructed research challenge can elicit a greater amount of research and
innovation than a conventional grant.

9. Human spaceflight captures the public imagination, but Britain’s Beagle 2 probe to Mars has shown
that robotic exploration can too. Space tourism may oVer a mechanism to fulfil at least some of the public
hunger for British astronauts without the need for tax payer investment. With this in mind, the Society is
delighted to have been oVered a free place on one of the early Virgin Galactic flights which we will oVer to
the winner of a competition we will initiate next year. We have decided that the winner will be the person
“who will use the experience of the trip to best motivate young people to enter the fields of aerospace and
its applications”.

10. This submission represents the views of the RAeS Space Group Committee whose members are listed
at the end of this note. A broader consultative exercise revealed amore positive view of a British involvement
in manned space. Most respondents argued in favour of British involvement in Europe’s human spaceflight
programme. Reasons given included inspiring young people to take up science and engineering, commercial
spin-oVs and medical advances. The fact that Britain is the only G8 country without a human spaceflight
programme was a frequently used argument. The need for on-the-spot human presence for certain scientific
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investigations (deep drilling was the specific example quoted) was frequently asserted, although none of the
respondents suggested a trade-oV between investing in automated drilling and human spaceflight—which
seems the logical and prudent way forward to the Committee.

Other Issues

11. Turning to the five specific issues in the Call for Evidence, the following summary draws from the
remarks above:

(a) Competitiveness. Regulatory and R&D support for the embryonic space tourism sector is
considered highly desirable. Investment in remotely controlled lunar exploration could have
important commercial implications.

(b) Benefit of ESA. The ESA manned spaceflight programme has not, and currently does not, oVer
good value for investment money, whereas ESA’s unmanned science programme does.

(c) Innovation and Knowledge Transfer. The use of carefully targeted prizes has been shown to create
highly innovative solutions with great commercial potential.

(d) Benefits of Government Space Activities. Compared to unmanned space activities, human
spaceflight is not cost eVective in delivering public policy objectives.

(e) Space Research and Skills Base. The need for a human presence to undertake space research should
be traded oV against investment in automation before committing to the expense of human
spaceflight. Human spaceflight has great inspirational power and the potential to attract young
people into science and technology (which the RAeS competition for a Virgin Galactic flight seeks
to encourage). The newly emerging space tourism sector oVers hope that humans can enter space
much more aVordably than hitherto.

12. Themembers of the Committee of the RAeS SpaceGroup are (in alphabetical order): Richard Bavin,
QinetiQ; Prof Richard Crowther, Rutherford Appleton Laboratory; John Davey, British National Space
Centre; Philip E Davies, Surrey Satellite Technology Ltd; Tom Keates, Hi-Tech Help; Dr John Loizou,
VegaGroup plc (Vice-Chairman); PatNorris, LogicaCMG (Chairman);DavidRicher, Brunel Technics Ltd
(immediate Past-Chairman); Dr Peter C E Roberts, Cranfield University; Carl Warren, EADS Astrium.

13. Further details on the work of the RAeS Space Group can be found at http://www.raes.org.uk/space.

October 2006

Memorandum 15

Submission from Space Future Consulting Ltd

Executive Summary

Economic Importance of Passenger Space Travel, and HMG’s Failure to Support IT

Over the past half-century the space industry has received very large public subsidies—several billion
pounds in Britain, one trillion dollars in the OECD, and more elsewhere. However, it has not achieved
commensurate economic benefits. Notably, the commercial space industry has a turnover of just a few
percent of governments’ cumulative expenditure, and the “return on investment”, if measured
conventionally, would be very low.

The reason for this failure is not a mystery, although it is not often stated. It is because investment has
been used to develop space systems for which there is little commercial demand, and it has not been used to
develop services which the general public most wish to buy.

The service which is today widely recognised to have the greatest economic potential is passenger space
travel, or “space tourism”. Market research has revealed potentially very large demand, and engineers have
plans for vehicles to cut the cost of space travel to a small fraction of the cost of the expendable and partly-
expendable rockets used for space activities today.

For a number of reasons government space agencies remain extremely reluctant to even consider the
subject of passenger travel. This reluctance has been particularly clear in the case of the BNSC since July
2000 when the parliamentary Trade and Industry Committee published its Tenth Report, which criticised
the failure of the BNSC’s eVorts at commercialisation and urged HMG to study the feasibility of passenger
space travel.

However, the BNSC has continued to ignore the subject, including in a series of commissioned reports,
and to refuse any funding, without explanation—while spending a further 900 million pounds on space
activities with little commercial benefit. Yet with a budget of just a few percent of this, British industry could
already be leading the new industry of passenger travel.
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Correcting this policy error would have many economic benefits and create new opportunities for space
researchers by sharply reducing the cost of space flight, which has not fallen at all in 45 years, due to existing
space policy. It could also stimulate children to study a wide range of science and engineering subjects,
reversing the trend of recent years.

The costly failure of the current system of policy-making in this matter should be recognised. Such failure
is a predictable result of decision making by a monopoly agency without an eVective external review
mechanism.

Factual Information which SFC Would Like the Committee to be Aware Of

1. Poor economic performance of space industry

From the economic point of view, the space industry’s performance has been very poor: despite
approximately $1 trillion of investment over 45 years, the turnover of commercial space activities is just a
few percent of this investment to date. In recent years competition from low-cost countries has been
growing, and the industry has been consolidating and reducing employment: Table 1, from a 2003 report
by the US Federal Aviation Administration, shows the weak condition of the US space industry:

Table 1:

US SPACE ENGINEERING EMPLOYMENT [1]

Employment 1999 2002

Launch vehicle manufacturing and services 28,617 4,828
Satellite manufacturing 57,372 31,262

Recent European data tell a similar story: European space industry employment reportedly fell by 20%
from 1995 to 2005; the major space engineering company Astrium has cut 3,300 staV since 2003; and in 2005
alone, prime contractors cut 2,400 staV or 13.5% of their total [2].

2. Reason for space industry’s poor economic performance

The major reason for the failure of space commercialisation to date is because government investment
has not been used to develop services which the public wish to buy on a large scale. Despite spending
$1 trillion on civil space activities, OECD governments have not reduced the cost of space travel at all—it
is the same in 2006 as it was for the first space flight 45 years ago. That is, the cheapest and safest means of
reaching orbit is to use the “Soyuz” rocket which carried Yuri Gagarin, and which was designed during the
1950s. Such stagnation in cost for half a century may be unique in the history of transportation.

3. Promise of passenger space travel industry increasingly recognised

The most promising market for space activities is passenger travel—as the author first argued publicly 20
years ago [3]; as Nasa acknowledged in 1998 (extensively referencing the author’s work) [4]; and as Space
Future Consulting submitted to the Trade and Industry Select Committee in 2000 [5], along with four other
Submissions recommending the subject [6, 7, 8, 9]. Since then, much further evidence has accumulated that
developing passenger space travel is both feasible and economically promising. In 2001 Dennis Tito became
the first person to pay to fly to space, to world-wide acclaim; in 2002 the US Department of Commerce
published a report strongly supporting the importance of sub-orbital passenger vehicles [10]; in 2003 Nasa
published a report estimating that sub-orbital passenger travel might reach a turnover of $4 billion/year
(about 5 times the turnover of commercial satellite launch) [11]; in 2004 SpaceShipOne’s successful space
flights appeared on the front pages of nearly every newspaper in the world; and in 2006 an Esa staV-member
has stated “. . . space tourism has a great potential to become a very successful business and a major driver
for space technology development” andEsa has oVered study contracts to teams developing passenger space
vehicles [12].
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Figure 1

FEASIBLE SPACE TRAVEL INDUSTRY WITHIN 30 YEARS [13]

4. Potentially large scale of passenger space travel industry

Although it is often suggested that space tourism will remain a small-scale business for the very rich, there
are no technical or economic reasons to prevent it growing into a major global industry. Figure 1, published
by Space Future Consulting (SFC) in 1999, is based on the scenario developed in the 10-year “Space
Tourism Study Programme” carried out by the Japanese Rocket Society from 1993 to 2002 [13]. It shows
a turnover of some $100 billion/year, many times larger than estimates of the sub-orbital passenger travel
market.

5. Passenger space travel could have started 30 years ago

It is very important to understand that the performance of SpaceShipOne was exceeded by the US X15
rocketplane in the 1960s, and nearly matched by the British SR53 rocketplane in 1957. Consequently
commercial sub-orbital passenger flights could have started in the early 1970s if space policy had been
economically motivated. In that case, orbital passenger travel could have started during the 1980s, and the
situation shown in Figure 1 would be more-or-less realised by now.

6. Great economic value of growth of passenger space travel

To realise the situation in Figure 1 would require a subsidy equal to 10% of space agencies’ budgets; most
of the investment required would be commercial, as in the air travel and hotel industries. If work to develop
this industry had started during the 1960s, it would have been very beneficial for economic growth and
employment world-wide. Today, unemployment is a very serious global problem: in the USA it is 10 million
higher than in past economic recoveries; in Europe 10% unemployment is almost chronic in Germany,
France and Italy, leading to riots, racism and neo-nazism; and it is much higher in many poor countries.
This ominous level of unemployment is largely due to the lack of new industries that are urgently needed to
create new jobs to replace those lost as “globalisation” spreads [14].
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7. Low launch costs also beneficical for the environment

By greatly lowering the cost of launch, passenger space travel would make many other space activities
commercially feasible—notably the supply of CO2-free solar-generated power from space [15].
Consequently it is potentially very important for protecting the global environment. If the situation in
Figure 1 had been realised already, the world economy would be in a far healthier state, with much lower
unemployment and far lower dependence on polluting fossil fuels. From a wider perspective, there would
also be no need for the ominous discussion and planning for “resource wars” that is so prevalent today [16,
17, 18], since access to space resources would already be routine. Indeed, it is worth noting that
unemployment and poverty are the source of many of the problems in the world today, and it is recognised
that the approach towards resource wars will lead to loss of civil liberties—a process that has already
begun [19].

8. Wide educational benefits of developing passenger space travel

In view of childrens’ spontaneous interest in space, the development of space travel services for the general
public and their utilisation in education are likely to stimulate children’s and young people’s interest in a
range of related science and engineering topics. This eVect is likely to be much greater than current eVorts
by space agencies, which involve indirect activities such as watching videos of astronauts and playing with
water-rockets. This subject is discussed further in Annex 1.

9. Failure of space policy-making process

Space agencies have responsibility for commercial space development: for example, Nasa is required by
law “. . . to encourage, to the maximum extent possible, the fullest commercial use of space”, and the BNSC
is required to “. . . help industry maximise profitable space based business opportunities” [20]. However,
space agencies have not done this, despite using very large amounts of taxpayers’ funding. Although UK
space policy was revised in the 1980s, nominally to achieve greater economic benefits, it has largely failed.
The Trade and Industry Select Committee’s 2000 report stated this, and quoted SFC in urging the BNSC to
consider passenger space travel [21] (see Annex 2, paragraph A2.3). In view of the potentially large benefits
described above in contrast to the poor economic performance of actual space activities, HMG’s refusal to
support work in this field for 15 years has unnecessarily continued the industry’s commercial failure and
burden on taxpayers.

10. Parliamentary criticism of space policy failure unheeded

Despite the comments in the Trade and Industry Select Committee’s 2000 report, the BNSC and British
space policy makers have continued to ignore their advice, as described in Annex 2. Moreover, since 2000
the BNSC has spent a further 900 million pounds with little economic benefit, in the sense of creating few
new commercially profitable activities. (Recent claims of the “success” of British space policy due to the
growth of sales of satellite television decoder boxes and programmes reflect the “watering down” of
objectives, as discussed in Annex 2.)

11. Minimal investment cost of starting space travel industry

If even 5%of the 900million pounds spent via the BNSC just since 2000 had been used to develop a vehicle
and facilities suitable for certification for sub-orbital passenger space travel, British industry could already
be leading the world in this field. 15 years of unjustified refusal to fund passenger space travel research has
imposed heavy costs in lost opportunities.

12. Necessary condition for economic success of space industry

So long as the space industry refuses to supply services which large numbers of the general public wish to
buy, it cannot grow, but will remain a burden on taxpayers. Although this may seem obvious it has been
ignored by space agencies for decades, with impunity. It is high time that this extremely costly policy failure
is corrected, and taxpayers receive a return commensurate to the large costs they have borne to date. This
could make a major contribution to achieving a brighter future for humanity.

13. British space science excellent

The above comments are not criticisms of British space science. This is of the highest quality, and should
be encouraged, along with scientific research in many other fields. However, HMG expenditure on space is
not solely for scientific research; it is explicitly intended to also achieve economic benefit. Failure to do so
must be recognised as failure to achieve stated policy objectives, as noted in 2000 by the Trade and Industry
Select Committee [21].
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Recommendations for Action which SFC Would Like the Committee to Consider in its Report to

the House

14. Recognise the importance of low-cost passenger space travel

Amajor change needs to bemade in British space policy: the government must recognise Passenger Space
Travel as a new category of activity with potentially great economic value, and should initiate relevant
activities to exploit the major commercial opportunities that it oVers. In doing so it should give high priority
to achieving commercial value from government space investment.

15. Provide support to achieve passenger space travel as soon as possible

Implementing policies to catch up with the missed opportunities of the past few decades as soon as
possible would be extremely beneficial—economically, educationally, environmentally and culturally.

16. Start with sub-orbital travel

Britain is home to the longest-standing proposal for a sub-orbital passenger vehicle, which has received
no support at all for 15 years, during which HMG has spent nearly 3,000 million pounds on civil space
activities, with no commensurate commercial benefit. This failure should be corrected, and this project
should be supported generously; just 10% of current space expenditure over a few years would enable rapid
success, and start progress towards orbital travel.

17. Fund primarily via civil aviation

The business model of passenger space travel is similar to passenger air travel, and space agencies have
little experience or know-how relevant to developing passenger travel services. Consequently it will be most
eVective for HMG to fund this work primarily via civil aviation organisations. The growth of space travel
will lead to growth in a wide range of related business activities: spacelines and spaceports; manufacturing,
maintenance and repair of spacecraft, engines and components; training and certification for a wide range
of new jobs; space travel companies, hotels and marketing; and financial services including insurance,
banking and leasing. Britain has enormous expertise relevant to all of these activities but currently lacks
commercial growth opportunities, and it could and should be leading this field. The inability to help this
development which the BNSC has demonstrated over the past 15 years is itself a good reason to give the
responsibility to civil aviation organisations. This is even clearer when one considers that the CAA has such
relevant experience as having certificated rocket-assisted Comet airliners for passenger carrying as long ago
as 1952, and the supersonic airliner Concorde which required major innovation in many engineering and
regulatory aspects, including wide international collaboration.

18. Widen scope of space research funding

The scope of space research funding should be widened to include many new activities, including
particularly activities with potential arising with the use of low-cost reusable launch vehicles. Among other
subjects, space science funding should also include relevant social sciences.

19. Recognise the value of correct research, and support innovative researchers

If the funding of engineering and science research is to achieve its objectives, successful researchers must
be recognised honestly and supported correspondingly, whether in the physical or social sciences. Not to do
so is contrary to the most basic principles of science and technology policy, whereby those who first
understand and explain some significant phenomenon are given due recognition for doing so, and support
to extend their work. In addition, they must be supported even where their results are “inconvenient” for
government organisations, for example by criticising existing funding allocation; in the field of policy science
such considerations are routine. As advocates of space tourism, Bristol Spaceplanes’ and Space Future
Consulting’s work has been criticised as being “speculative”. However, they have researched and argued
logically and consistently for 20 years; no one has published any reasoned criticism in the research literature;
and recent developments show that they have been correct so far—for 20 years before space agencies [3].
Moreover, no alternative proposal for space activities of anywhere near similar economic value has resulted
from the nearly 4,000 million pounds spent by the BNSC, nor from the $400,000 million spent by OECD
space agencies during these 20 years! To continue to refuse to recognise and support the work of such
successful innovative researchers would make a travesty of science and technology policy.
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20. Recognise the failure of the space policy making process in this key area

The failure of the monopoly-dominated space policy making process, as noted by the Trade and Industry
Select Committee in 2000, must be acknowledged. The question of how best to avoid such policy failures in
future is important, and deserves consideration under the appropriate auspices. Clearly the process must
become more independent from space agencies, and must be opened to input from outside and to
independent scrutiny [17].

October 2006
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Annex 1

POTENTIAL BENEFITS FOR SCIENCE EDUCATION OF DEVELOPING
PASSENGER SPACE TRAVEL

A1.1 There has been an accelerating decline in physics education in Britain in recent years [1]. For
example, examination entries for A-level physics have fallen from 7.6% in 1982 to 6% in 1990, and to only
3.8% in 2004 , and they are predicted to fall further, as widely reported in the press [2, 3]. This problem is
not unique to Britain; a similar problem is reported in other rich countries.

A1.2 For decades, space agencies in many countries have spent considerable resources trying to
encourage children to study scientific subjects. Typically theymake use of the spontaneous interest thatmost
children have in space to get them to study related topics—watching videos of astronauts, playingwith water
rockets, and so on. Unfortunately these activities have not been very eVective.

A1.3 In view of the great popularity of the idea of traveling to space shown by surveys, the possibility of
actually traveling to space for themselves can be expected to be much more stimulating to children than
watching videos of other people doing so. The sharp rise and decline of physics education in the USA in the
1960s and 1970s is attributed by Professor Richard Smalley to the start and end of the Apollo project [4].
He argues that, for as long as youngAmericans believed that theymight be able to travel to space themselves,
many of them became keen to obtain relevant qualifications. However, once it became clear that this was
extremely unlikely, due to the cancellation of the project, they lost interest in studying physics. The author
has argued on similar lines that space tourism could be part of the solution to the “crisis in aerospace” shown
in Table 1 above [5].

A1.4 Consequently, there is reason to anticipate that the development of passenger space travel, starting
with sub-orbital services of which the price could fall to a few thousand pounds/passenger [6], could act as
a catalyst to keep young people interested in studying science. Certainly, preparing for space travel can be
used as the basis for interesting lessons on many subjects, from biology, chemistry and physics to
mathematics, astronomy, ecology, law, economics, psychology and others. The “Teachers in Space” project
started recently in the USA aims to make early use of this idea [7].

A1.5 HMG’s failure to address the issue of passenger space travel for more than six years since the Trade
and Industry Select Committee raised it in 2000 has not only led to continuing failure to benefit economically
from Britain’s large investment and business potential in the field of space travel, but has also wasted an
important educational opportunity. Both space science and science education have suVered from the decline
in the pool of talent trained in relevant disciplines, from which space scientists and science teachers are
recruited. Moreover, the failure to exploit space commercially in this way, far from strengthening space
science by preserving it from “contamination” by commercial activities, has surely damaged it by reducing
the overall interest of the general public. These educational benefits might themselves exceed the cost of
developing sub-orbital space tourism. By contrast, pursuing the existing “anti-space tourism policy” would
continue to waste this opportunity to make this popular experience available, which requires children to
understand more science, and physics in particular.

A1.6 Longer-term potential

The growth of the passenger space travel industry to 1 million passengers/year or more taking sub-orbital
flights will create a large and growing cohort of people who themselves travel to space. The subsequent
development of orbital flights and hotel services, now in the early stages of development, will create an
industry requiring large numbers of staV to work in space, as shown in Figure 1. The vision of this will surely
inspire large numbers of children to obtain relevant qualifications.

A1.7 It is worth noting that these educational benefits can be expected to extend far beyond sub-orbital
travel through the progressive development of orbital travel and accommodation services, to include even
lunar travel. The author was invited to speak on this subject to the International Lunar Exploration
Working Group (ILEWG) [8], to the Committee On Space Research (COSPAR) [9], and subsequently to
turn that presentation into a journal paper [9]. That paper argues that it would not be good for lunar science
to try to stop commercial lunar development, which could grow into a major business within a few decades,
and that this could be very beneficial for the world economy and for the terrestrial environment.
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Annex 2

FAILURE OF BRITISH SPACE POLICY MAKERS TO SUPPORT PASSENGER SPACE TRAVEL
SINCE JULY 2000

2.1 CRITICISM OF SPACE POLICY IN TRADE AND INDUSTRY COMMITTEE TENTH
REPORT

A2.1 On July 4, 2000, the Parliamentary Trade and Industry Committee published its TenthReport [A1].
Among other comments the Committee noted that the BNSC spends approximately half of its budget on
Earth observation activities, but that these are far from being commercial. It concluded:

“UK space policy appears to have failed to date in this central objective. Despite more than a
decade trying to stimulate commercial markets for Earth observation data, provided at public
expense . . .”

The Committee also criticised the fact that the decision to concentrate hundreds of millions of pounds of
investment on this field was based on no more than

“. . . an expression of general but unsubstantiated hope that commercial markets will be
generated” [A1].

A2.2 The Select Committee also investigated the fact that the BNSC hasmade no investment in assessing
the commercial potential of passenger space travel, despite extensive evidence that it is the most
commercially promising use of space. The Committee elicited further that the BNSC had argued against
Bristol Spaceplanes Ltd receiving any support from DTI for its work in this field for nearly a decade, but
that this decision was made without the BNSC having performed any analysis of the commercial promise
of passenger space travel, or of Bristol Spaceplanes’ plans. On the contrary, Bristol Spaceplanes’ work had
been highly praised—including heading the list of references in Nasa’s very positive 1998 report on space
tourism [A2]. The Committee also interviewed Lord Sainsbury, the Minister responsible for space, and
learned that HMGdid not have a policy not to invest in launch vehicles, as the BNSC had stated incorrectly
in arguing repeatedly against funding for Bristol Spaceplanes.

A2.3 On the basis of these and other findings the Trade and Industry Committee recommended that

“. . . a review is undertaken of the UK’s participation in launcher development programmes . . .
Since no partner in BNSC is likely to be fighting for UK involvement in reusable launch vehicles
(RLVs) we also recommend that this evaluation be undertaken by a body independent of
BNSC” [A1].

In addition, the Committee specifically referred to the potential of space tourism, which was discussed
positively in 5 separate Memoranda to the Committee [A.3, A.4, A.5, A.6, A.7], and cited Space Future
Consulting, as follows:

“Space Future Consulting are of the opinion that the government should not participate in any
launch vehicle work that is not specifically aimed at developing a passenger-carrying vehicle,
stating that the UK’s lack of involvement in ELVs leaves the UK uniquely placed to exploit space
tourism” [A1].

2.2 HMG RESPONSE TO TRADE AND INDUSTRY COMMITTEE REPORT

A2.4 On October 27, the British government published its reply to the Select Committee’s report [A8].
Written by BNSC staV, this showed its strong resistance to the subject of passenger space travel, which it
did not mention at all. This was despite the fact that this was the most economically important issue raised
by the Select Committee. Instead of an inquiry independent of the BNSC recommended by the Select
Committee, the BNSC commissioned a report to

“. . . reassess the combined eVects of development costs and timescales, revenue streams, market
entry conditions and windows of financial return in the current and medium term launcher
market.”

The Launcher Sub-committee of the UK Industrial Space Committee (UKISC) was paid 30,000 pounds
to perform this study, which the BNSC directed not to consider passenger travel.

A2.5 Despite this, the BNSC claimed that the conclusion of this study was that:

“. . . the evidence shows that a European reusable launcher. . . would require full development
funding and overall 2/3 of through life costs from the public sector. The case for investment in this
area at this time is therefore not strategically sound or commercially attractive” [A9].
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The truth is that this statement applies only to cargo launch vehicles, since no analysis was performed of
passenger carrying. However, it gives the impression that it applies to all launch vehicles, and is therefore
untrue by omission—particularly in the context in which the Trade and Industry Committee had
recommended a study. It was clearly not commissioned by the BNSC in order to learn whether the Select
Committee’s recommendation of passenger space travel was sound.

2.3 DTI “EVALUATION OF FUNDING FOR UK CIVIL SPACE ACTIVITY”

A2.6 Following the Trade and Industry Committee’s 2000 Report another report on the British space
industry was commissioned by the DTI from a consulting company, with advice from several senior figures
from government space agencies, and published in July 2001 [A10]. Readers of this report could be forgiven
for assuming it to be definitive, being a 400-page review of the previous 25 years of British government space
funding, amounting to several billion pounds. Unfortunately the economic analysis in the report is very
limited, and even important economic facts are not stated clearly. Above all, it does not discuss the fact that
the return on investment in space activities to date has been extremely poor, in Britain as elsewhere. For an
investment of several billion pounds there should be a commercial space industry with annual turnover of
billions of pounds.However, apart fromgovernment spending, commercial space activity amounts to barely
10% of that. If the report had stated this clearly it would have been obliged to recommend a more energetic
search for more commercially valuable uses of space technology.

A2.7 Instead of this, the report proposed:

“A strategic review of the commercial opportunities for civil space activity should examine the case
for amore balanced portfolio of complementary space investments within theUK budget to avoid
reliance on a single technological focus. This should be used to inform the next BNSC review of
UK space policy.”

The report recommended:

“. . . an exhaustive exercise leading to a comprehensive and actionable Implementation Plan,
working systematically from the high level goals through objectives and on to a budgeted-action
plan spanning the next five years. It ought to be accompanied by a forward look in terms of
strategies and commitments that has a 10-year and 25-year scenario. The BNSC should look to
international practice—such as the NASA Strategic Enterprise Plans and roadmaps—for a lead.”

A2.8 From the economic point of view, recommending that the BNSC should mimicNASA is a very bad
idea, because the economic return onNASA’s expenditure has been extremely low—arguably disastrous for
theUS economy. Since the end of the “coldwar” aloneNASAhas spentmore than $200 billion of taxpayers’
money, while the US space industry has shrunk substantially. If invested commercially, there should be a
$200 billion/year space industry—but there is only a small fraction of this. In addition, NASA has imposed
large social costs by continuing to delay the development of passenger space travel at a time when the lack
of new industries in the USA is so severe that it has a record trade deficit of $2 billion/day, and the worst
unemployment situation for decades (with 10 million fewer new jobs than in previous recoveries).

A2.9 Hence, for all the eVort that has gone into the report, it is deeply flawed—because it nowhere even
refers to the possibility of passenger space travel—the activity that is now widely recognised as being the
most commercially promising use of space, as described above. By limiting itself to space agencies’
vocabulary of “space transportation” (ie satellite launch) and “manned space flight” (ie government staV

riding on vehicles like Soyuz and the space shuttle), the report eVectively prevents readers from even thinking
about the possibility of commercial passenger space travel. The assumption that there is no more
economically valuable activity to be done in space than what space agencies are already doing, is incorrect:
there is ever-growing evidence that passenger space travel can grow into a popular new consumer service
industry of great economic value.

2.4 GOLDSCHMIDT REPORT

A2.10 In August 2001 a further review of the BNSC was announced as a response to the Trade and
Industry Committee’s 2000 Report. The terms of reference stated that

“. . . the study will review the evidence provided to the Trade and Industry Select Committee
investigation into space policy. . .”

The review was therefore clearly required to consider the issue of passenger space travel, which was
discussed in at least five submissions to the Select Committee [A3–A7], as well as in spoken testimony.

A2.11 Dr Pippa Goldschmidt, an astrophysicist at Imperial College, was invited to write the report. The
author wrote to her on 30 November to ask whether the subject of passenger space travel, which was the
most economically important issue raised by the Select Committee’s Report, would be considered in her
review, and if not, then when and under what auspices this important matter would be discussed.
Dr Goldschmidt replied on 5 December 2001:

“Thank you for your e-mail . . . I will reply to it more fully in the near future” [A11].

However, she never did reply, despite subsequent letters on the subject dated 9 January, 13 February and
27 June 2002.
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A2.12 Dr Goldschmidt’s report made no reference at all to the subject of passenger travel, nor to the
related evidence on the subject provided to the Trade and Industry Select Committee [A3–A7]. However,
her report included the statement:

“It is beyond the terms of this review to consider the appropriateness of funding or not funding
particular activities, or the level of such funding” [A12].

This contradicts the statement that the review would consider the evidence presented to that Committee,
and continues the pattern of space policy makers’ refusing either to discuss the subject of passenger travel,
or to justify their refusal to discuss it.

A2.13 From her statement of 5 December 2001 it seems reasonable to assume that Dr Goldschmidt did
initially intend to answer the author’s questions—as she could be expected to: scientists accept the over-
riding importance of open discussion in order to discover the truth. For example, such a refusal to answer
a key question about her work as an astrophysicist would be astonishing, and could even be career-
threatening. However, when she subsequently decided, or was told, that her report was not to tackle the
most economically important issue, it seems that she did not wish to discuss the reason for this; she also no
longer wished to answer the question where this matter would be considered; and she was also unwilling to
state this publicly.

A2.14 From the point of view of policy science, (that is, the systematic attempt by social scientists to
understand the process of policy-making and to ensure that it works in the interests of the public), Dr
Goldschmidt’s refusal to answer these questions after having said that she would is of extreme interest. As
discussed above, investing in the development of passenger space travel is the most economically valuable
objective for space policy. Consequently the reasonwhyDrGoldschmidt’s report did not consider this issue,
to which the Select Committee had drawn particular attention, and her continuing silence concerning this
reason, all remain of exceptional interest for understanding the fundamental cause of this serious failure of
British government policy-making.

2.5 ROYAL ASTRONOMICAL SOCIETY REPORT

A2.15 In 2005, a report by the Royal Astronomical Society (RAS) recommended that the British
government should spend 150 million pounds per year for 20–25 years (ie some 3–4 billion pounds in total)
in order to participate in “manned space flight” activities, notably for Moon and Mars exploration [A13].
However, if such huge sums were spent on activities using expendable launch vehicles, as currently planned
by Nasa, it would have little or no economic benefit for taxpayers, since it would do nothing to reduce the
cost of space activities in future. In addition the costs of the proposed exploration would be about 100 times
higher than achievable using reusable passenger vehicles.

A2.16 It would be sadly ironic if, after having avoided wasting resources on unprofitable activities using
expendable launch vehicles for 20 years, British policy makers now joined the wasteful “mainstream” at
exactly the time when it is so clearly a costly failure. By contrast, if the British government would invest even
a moderate fraction of the 3–4 billion pounds requested by the RAS to develop reusable passenger space
vehicles, the result would be of enormous economic value; it would have wide popular support, particularly
among the young; and it could propel Britain’s aerospace industry into a world-leading position.

A2.17 It may well be that the space scientists responsible for the RAS report are not aware of the
feasibility of low-cost space travel, which has never been oYcially discussed except by the Trade and
Industry Select Committee. It is notable that the negative views on space tourism of another space scientist,
Dr Andre Balogh from Imperial College, have been given considerable press coverage. However, none of
these space scientists have studied the feasibility of low-cost launch systems, nor published research on the
subject. Moreover, space scientists are not disinterested parties; their work is dependent on their having
good relations with space agencies, which have long been hostile to passenger space travel. The
unsatisfactoriness of relying on the opinions of such people on this subject, however eminent they are in their
own fields, can be seen from the fact that the government would surely not rely on, and the press would
surely not give coverage to the views of an economist on a matter of astrophysics, such as quasar evolution.

2.6 CURRENT UK SPACE STRATEGY

A2.18 If the BNSC had implemented its stated objective to
“. . . help industry maximise profitable space based business opportunities” [A8]

it would have both studied the feasibility of passenger travel and invested in realising it. That it has never
done so, and has also repeatedly advised the Department of Trade and Industry not to for more than a
decade, is a costly error. In addition, for the past six years this has also been directly contrary to the advice
of the Trade and Industry Select Committee in July 2000; yet the BNSC has nowhere publicly justified its
behaviour.

A2.19 Interestingly, the BNSC’s objectives have recently been rewritten to be less economically
ambitious, and say no more than to “stimulate increased productivity through promoting the use of space
in commerce” and “develop innovative space technologies and systems to deliver sustainable improvement
in quality of life”. The BNSC has also recently taken to including sales of satellite television decoders and
broadcasting as “upstream revenues” of the space industry. However, the fact that British consumers like
to buy imported electronic devices for viewing largely imported television programming is hardly evidence
of successful space development.
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A2.20 It is also of interest that the BNSCweb-site includes a list of “Reviews& reports onUKcivil space”
but does not mention the Trade & Industry Select Committee’s 2000 report. The BNSC has thereby hidden
the fact that the only independent review of space policy, carried out by a Parliamentary Select Committee,
found the case for investigation of space travel convincing, and urged the BNSC to do so. The reports which
it has itself commissioned do not mention the subject.

2.7 EUROPEAN SPACE AGENCY AND EUROPEAN UNION SUPPORT FOR SPACE
TOURISM

A2.21 In September 2006 it was reported that an Esa staV-member stated:
“I think the conclusions are shared by all the space community that space tourism has a great
potential to become a very successful business and a major driver for space technology
development. If this materialises, the future of human space flight might even be exclusively
commercial, potentially having a great impact on the scope of the activities carried out by space
agencies” [A14].

and:
“The flight of SpaceShipOne resolved all doubts regarding whether small private companies could
perform human suborbital space flight safely and inexpensively. It also showed that there is a
worldwide interest in space tourism. It certainly opened the door to human suborbital space flight
to become a commercial business soon” [A14].

The same report also stated that the European Commission is paying the two large non-British aerospace
companies EADS and Dassault to study

“. . . potential road-blocks to European space tourism operations” [A14].

Although these statements do not represent a change in policy as yet, they are strong additional evidence
of the error of the BNSC’s stance in preventing research on passenger space travel. They are also strongly
supportive of the unique work of Bristol Spaceplanes and Space Future Consulting over the past 20 years.

2.8 SUMMARY COMMENTS

A2.22 In summary, for more than six years the British government’s space policy makers have continued
as though the Trade and Industry Select Committee had not criticised its “failed” commercialisation eVorts
and recommended studying passenger space travel. The BNSC’s decision to spend a further 400 million
pounds since 2000 on Earth surveillance satellite systems, with no commensurate improvement in
commercial return, while continuing to ignore passenger travel is clearly not a sincere eVort at
commercialisation, and constitutes a continuing policy failure.

A2.23 The question why the BNSC is so strongly resistant to passenger travel remains unanswered. The
only substantive comment which the author has elicited was the following:

“We believe that space tourism is not likely to be a mass market for the foreseeable future” [A9].

However, as an opinion, this statement is not based on any published research, and it is contradicted by
Nasa’s published market estimate [A15] (as discussed in Paragraph 3 of the main Submission). Moreover,
it is contrary to the publicly stated policy to

“. . . help industry maximise profitable space based business opportunities” [A8].

It is also not consistent with spending some 1,000 million pounds on Earth surveillance activities over 20
years, which have no prospect of becoming amass market—while spending nothing at all to even investigate
passenger travel, of which the promise has been recognised by Nasa, the AIAA, the FAA, NASDA, ESA,
the EU and other organisations.While the non-profit-earning use of Earth surveillance data can be valuable
for environmental research and for military purposes, these activities are not a substitute for earning a
commercial return from investment in space.

A2.24 The process whereby changes in space spending are decided has been described as follows:

“Spending proposals in the DTI have to be supported on the basis of ROAME statements . . .
These are considered by internal programme committees before being submitted to the personwith
the authority to commit the level of expenditure involved. No ROAME statement has been
prepared on passenger space travel as there have not been expenditure proposals. This is because
we have not at any stage been convinced that there is suYcient argument to commit public funds
to the study of this area. . .ministers have encouraged BNSC to focus priorities on. . .developing
markets which have short-term promise of commercial returns” [A16].

While this arrangement may sound reasonable, there are a number of serious problems with it. First, it
has not been applied consistently: while being used to allow further expenditure of 400 million pounds since
2000 onEarth surveillance systemswhich showno promise of commercial returns, as the Trade and Industry
Select Committee specifically criticised, nothing at all has been spent on even a feasibility study of passenger
travel—despite the rapid growth in recognition of its potential world-wide.

A2.25 Second, such a purely internal decision-making process, with no objective measures of
performance, no need to defend positions publicly, and no costs for failure, is a recipe for stagnation—which
has indeed been the result. Third, the process described is a particularly inappropriate way of making
decisions about innovative projects, which are well known to involve uncertainty, and to be inherently
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“disruptive”, leading to “creative destruction” of obsolete activities. It is inevitable that such an
administrative structure will be poor at recognising valuable new possibilities and committing resources to
aid their growth even in the early stages with relatively high uncertainty. This is especially likely for a major
innovation which poses a threat to existing activities.

A2.26Moreover, the record is clear: the only report on British space policy whichwas clearly independent
of the BNSC and space policy-makers is the only one with substantial criticism and a proposal for major
change. This proposal has been entirely ignored, and the report buried under a flurry of commissioned
reports which all ignore the main issue. These reports are listed on the BNSC’s web-site, while the critical
report is not, so unsuspecting readers have no means of discovering that a fundamental criticism of British
space policy remains unanswered after six years, and that world-leading British research has been starved
for 15 years.

A2.27 HMG’s failure to provide any support for passenger space travel research over this time has been
a serious failure of policy. It appears to have been partly due to the excessive influence of a long-standing
monopoly without adequate oversight. The refusal of British space policy makers to consider the subject for
15 years has already lost a great deal of potential competitive advantage, representing a major loss to British
taxpayers. Rapid actions to make up for lost time, under the right auspices, would have great economic
value.
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Memorandum 16

Submission from the University of Leicester

Summary

— The University of Leicester has had an active space science programme for more than 40 years,
carried out largely through the UKmembership of ESA, but also in bi-lateral projects with NASA
and other agencies. Consequently, we are well-place to contribute to this inquiry.

— The health of UK space science is currently fragile, as expertise is shrinking.
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— There are problems with the comparatively low levels of investment within the UK to all
University groups to participate in ESA programmes, which are already partially supported
through the ESA subscription, and bi-lateral opportunities.

— The British National Space Centre is not eVective in promoting UK space interests as it has no
executive or funding powers. It should be replaced with a national space agency similar to the
DLR, CNES and ASI in Germany, France and Italy, our major European competitors.

— Knowledge transfer between academia and industry should be promoted actively and new
programmes developed that encourage the participations of SMEs by fully-funding their
participation in these.

— UK participation in Human Space Flight programmes will have important educational and
motivational benefits for young people, encouraging their participation in Science, Technology,
Engineering and Mathematics, subjects which are key to future economic prosperity.

1. The University of Leicester

The University has been active in Space Science since 1960. Originally noted for its pioneering X-ray
Astrophysics, theUniversity has, in recent years, broadened its space activities to include EarthObservation
Science (since 1991) and Planetary Science from Orbiters and Landers (since 1996). The University’s space
activity is centered in the Department of Physics and Astronomy, in whose purpose-built Space Research
Centre the design and construction of satellite-borne sensors and optics and carried out. Space research at
Leicester is, however, an interdisciplinary activity, also involving the Departments of Chemistry and
Geography in the Earth Observation Science area. The Space Research Centre itself has a complement of
60 staV including PhD students, technicians, engineers, research associates and academic staV. The total
research budget of the Centre is approximately £3 million a year. Leicester is involved in a number of
missions currently operating (Chandra, XMMNewton, Swift, Envisat, Meteosat 2nd Generation-GERB).
The University also has significant roles in a number of missions now in preparation—in either Phase A or
B studies. These missions include Bepi-Colombo—an ESA project to orbit Mercury, GAIA—to map the
galaxy, James Webb Space Telescope—the successor to the Hubble Space Telescope, Astrosat—the first
Indian National Astronomy Satellite and XEUS, a future European X-ray astrophysical observatory. The
University undertakes a large-scale programme of knowledge transfer and is active through the Leicester-
based National Space Centre in particular in all forms of outreach to the public and to industry. Within the
wider Department of Physics & Astronomy, colleagues are involved in the analysis of data from missions
now in orbit and also in the interpretation of the Earth’s magnetosphere and the magnetospheres of other
planets through space-based measurements and measurements by ground-based radars at high latitudes.

2. UK Space Science

Overall, the health of UK space science appears to be fragile. While individual groups and centres—
including the University of Leicester—are capable of competing at the highest levels within the European
Space Agency community and throughout the World, the pool of expertise in space in the UK is shrinking.
Past Government policy which favoured the exploitation of space in terms of satellite communication and
the return from Earth Observation, has left pure Space Science somewhat underfunded in comparison with
the major space faring nations of Western Europe, ie France, Germany and Italy. The number of UK
research groups which are competent to build major space experiments within, for example, the ESA
context, is decreasing. This is despite the growing recognition of UK industry that a healthy scientific
community is essential in order for space industry to gain contracts and indeed prime status within the ESA
framework. In the era (c 1990) of SOHO, Cluster and XMM-Newton the typical UK involvement in the
scientific payload of a large Cornerstone mission was at a level of some £20 million. The scale factor for
present involvement, such as in the BepiColombo mission is much reduced.

Full exploitation of the potential of space missions in a number of space science disciplines can only be
achieved when combined with cost-eVective coordinated programmes of ground-based observations, and
these should not be neglected in national policy and planning. This is evidently the case in all aspects of
studies of the terrestrial environment, from remote sensing studies of the Earth’s atmosphere and oceans,
to in situ studies of the outer plasma regions and radiation belts. The importance of these disciplines to a
wide range of technical applications and in understanding global climate change should be stressed. In this
regard, the rationale behind the recent decision by the PPARC to terminate their involvement in ground-
based experimental studies of the upper atmosphere and ionosphere is hard to comprehend.

3. The European Space Agency (ESA)

The exceptional level of resource made available to the planetary science community as a result of the
UK’s decision to participate in the non-mandatory Aurora programme within the ESA Exploration
Directorate has overshadowed the rather bleak financial outlook for the mandatory ESA Science
Programme—which covers solar-terrestrial science, fundamental physics, astrophysics and the exploration
of planetary bodies other than the Moon and Mars.
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The future science programme will be formulated in early 2007 following responses to theCosmic Visions
2015–25 call for proposals, which has just been delayed from September 2006 to early 2007. It seems likely
that the first mission within Cosmic Visions will only be launched within the expected Science budget closer
to 2020 than 2015. Access to space seems certain to be curtailed or indeed lost entirely for a decade for
X-ray Astronomers at Leicester and throughout Europe—where the proposed new Cornerstone-class
(ie ƒ600 million) observatory XEUS cannot be accommodated within the Science Programme probably
until well after 2020. Other areas of space science and space astronomy are under similar threat unless the
ESA Science Budget is increased (which requires Ministerial consent).

It has been evident for many years that the resources available to the national space instrument
programme is at a level which does not match the central investment required by membership of ESA and
participation in the mandatory ESA Science Programme. As a consequence, potential UK scientific
leadership roles are routinely missed, including, for example, leadership of the Bepi-Colombomagnetic field
investigation proposed by Imperial College, despite the project having been initiated and promoted within
the UK from that quarter.

The UK space science and astronomy communities are particularly exposed to the threat caused by an
inadequately funded Science Programme because the small scale of UK national funding relative to our
mandatory ESA contribution does not easily allow participation in bilateral missions with non-ESA
partners. Such projects are often of smaller scope but remain highly valuable, allowing access to more
frequent flight opportunities in particular disciplines between infrequent ESA flagship missions. Valuable
political benefits are also in prospect, such as the possibility of fostering positive cooperation with China at
the present time through projects such as the space weather KuaFu mission. We submit therefore that the
UK should support a future increase in the ESA Science programme, but necessarily accompanied by the
modest increases in the national budget without which we are once again like the fabled golfer who, having
paid his expensive club membership, cannot aVord to buy any balls or clubs.

4. The British National Space Centre (BNSC)

The hardest question for UK space scientists to answer when abroad continues to be: “explain the
function of BNSC”. No matter how able and well-organised BNSC staV may be, the worldwide perception
is of an organisation with no budget and therefore without power, whose consultative nature renders it
ineVectual in the promotion of UK space interests. The coordination by BNSC of the interests of multiple
Government Departments may be successful on the day-to-day working basis unseen by outsiders, but has
suVered some very public disasters, such as the failure of the UK to join the GMES programme at an
appropriate level.We submit that the UK should consider the establishment of a national space agency with
executive (ie funding and policy) responsibilities rather than a consultativemandate—on themodel ofDLR,
CNES and ASI in our major European competitors, Germany, France and Italy.

5. Knowledge Transfer (KT)

We submit that the way forward for UK space science requires close working partnerships between
Industry and University groups—such as the framework agreement currently being finalised between the
University of Leicester SpaceResearchCentre andEADSAstrium (Stevenage). The benefit to the Industrial
partner arises from access to fundamental understanding of mission requirements, a prerequisite in the
preparation of proposals for mission studies; the University side gains from studentship support,
consultancies and direct influence in the accommodation of the science payloads. As long-standing
proponents of the spin-oV of detector technologies developed for space astronomy into the life sciences and
medicine, we are confident that the scope for wealth creation from space-based technologies is indeed
considerable, subject to the following provisos. First, KT is a slower process than the optimistic schedules
of most Research Council grant schemes allow for. Second, the disincentive to small companies of finding
matching funding from their internal resources is almost total. We submit that the UK examine the Small
Business InnovativeResearch (SBIR) scheme operated by the FederalAgencies such asNASA in theUnited
States as an attractive model for innovation out of the academic space community under the fully-funded
leadership of SMEs.

6. Outreach, Skills and Human Spaceflight

The existence of high-profile UK leadership roles in space missions results in strongly positive public
images of science, which stimulates public interest in science generally and importantly encourages the
engagement of young people. The massive media interest in the UK participation in the Huygens landing
on Titan is a recent example. We also note the continuing public interest in the “heroic failure” of Beagle 2
atMars, which clearly touched a highly responsive public nerve specifically because it was aUK-led venture.

The current position (dating from the 1985 review which also established BNSC) that the UK does not
participate in Human Spaceflight places a unique constraint on the young people of this country. They,
unlike the citizens of every other state, are eVectively disbarred from becoming astronauts not by lack of
funding or talent, but by their Government’s negative policies. We support the findings of the recent RAS
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enquiry chaired by Professors Frank Close and Ken Pounds (University of Leicester) that the UK
Government at least reconsiders those policies for the sake of the likely positive impact on post-14 student
recruitment in the Science, Technology, Engineering and Mathematics (STEM) subjects, which are the key
to future economic prosperity.

October 2006

Memorandum 17

Submission from Dr Philip J Scarpa, Manager, Medical Operations, National Aeronautics
and Space Administration, Kennedy Space Center

Please note that the views expressed are mine and not necessarily those of NASA or the United States
Government.

Executive Summary

This letter informs the Science and Technology Committee of the eVorts in UK Space Medicine by
Drs Fong and Calder; informs on the growing interest in Space Medicine training and a new national
conference; provides an example of a space medicine related research collaboration; and highlights the
formation and eVorts of the new UK Space Medicine Association. There are clear benefits in the support
of space medicine research and manned space flight toward the UK science and technology base, medical
care, and encouragement of youth.

1. I commend the review of the Science and Technology Committee concerning Space activities and wish
to inform the Committee about the importance of Space Medicine and Space Medicine activities within the
UnitedKingdom. SpaceMedicine is the field of medicine involved in the study and treatment of the changes
to astronauts in space flight and other space related health risks. Space Medicine topics include astronaut
bone loss, muscle loss, radiation exposure, heart and blood vessel deconditioning, anemia, decreased
immune system, kidney stones, mental health, toxic exposures, decompression sickness, occupational
injuries, and trauma. Many of these changes have direct application to terrestrial diseases and conditions
such as osteoporosis, muscular dystrophy, cancer, heart disease, blood dyscrasias, AIDS, chronic fatigue
syndrome, emergency and trauma care. The NASA-Kennedy Space Center in Florida, United States,
conducts Space Medicine education programs on site at the Kennedy Space Center. The training includes
lectures, tours, and participation in medical operations involving launching and landing of the space shuttle
and its astronauts. A similar program exists in Houston, Texas. There has been an increasing interest in the
last decade by British student physicians to attend these NASA training programs. There are many more
applicants than positions available, and the talent, seriousness and dedication of the UK applicants make
it more diYcult every year to choose among them. Having completed their NASA training, many return to
Britain and have actively continued to try to develop spacemedicine within theUKOne particular graduate,
DrKevin Fong, has been instrumental in a continued professional pursuit of this field. He has been provided
the opportunity by the interest of many of his countrymen to speak in several media concerning the
importance of space medicine and manned space flight. With every year the interest seems to grow within
the UK The interest is not frivolous, but seriously placed in the knowledge of well-founded technological
and medical benefits and in the encouragement of the youth and its hope for the future. With this growing
interest, Dr. Fong has formed the Centre for Aviation, Space, and Extreme EnvironmentMedicine (CASE)
based at the University College–London to provide training in space medicine, the first ever in the UK
NASA now recognizes CASE as the leading center of authority for space medicine in the UK and as such
allows CASE to conduct a national competition to select the applicants to the NASA program. The quality
of young physicians applying and being selected to attend our program are of the highest caliber and
graduates continue to return to the UK to become leaders in the aerospace medical field. Another NASA
training graduate, Dr. Alyson Calder, an Anesthesiologist at the Glasgow Royal Infirmary, has organized
the first ever space medicine conference in the UK Now in its third year, the conference provides an annual
national focus for space medicine research and education and a forum for the exchange of ideas on space
medicine within the UK This year the level of quality of the conference has attracted the interest of
researchers from outside the UK to share their research. Presentations ranged from university-based
research, to high technology, to business endeavors and potential space age medical therapeutics. The UK-
based Virgin Galactic, a branch of Virgin Atlantic, presented medical issues and plan toward their pursuit
of becoming the first commercial space flight enterprise in the history of the world. Their long-term business
plan includes not only space tourism but a more profitable and marketable regular passenger service using
spaceplanes to points around the world traversed in a fraction of today’s time durations.

2. I have worked with Dr Fong and several of his UK colleagues in the development of a Portable
Intravenous Fluid Production Device. Intravenous fluids are precious liquids that are delivered into the
veins of a needing patient. Such fluids may be required in lifesaving medical care. The capability to have this
from a portable device is an important technology for successful spaceflights in the near future. This
technology also has tremendous potential application for the military and for medical relief eVorts around
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the world. In essence, this technology would be useful in areas where clean water or sterile water necessary
for injection were not readily available or cost prohibitive. This is an example of the kind of space-based
research and technology collaboration that can occur between the UK and other countries and is worth UK
governmental support.

3. Over the last decade, as Director of the Medical Education Program at the NASA-Kennedy Space
Center, I am happy to say that several UK physicians early in their careers heeded my advice and rather
than trying to obtain a position in the US returned home to the UK to provide their talents and skills to
their own country and to encourage their countrymen to realize the benefits of space medicine research and
human space flight. Recently, many of these individuals have coordinated their eVorts and formed a group
entitledTheUK SpaceMedicine Association, the first ever in theUK. Although the newUKSpaceMedicine
Association is under funded, many eVorts now are being unified, space medicine research coordinated, and
space medicine education/guidance and expertise within the UK provided. This new Association has the
endorsement of the Aerospace Medical Association, the premier international association for aerospace
medicine in the world. With this the UK is now “on the map” so-to-speak for international recognition and
exchanges in science and technology.

4. As an employee of NASA, as a Fellow of the Aerospace Medical Association, and as a former
President of the US-based Space Medicine Association, it is my personal opinion that it seems very
inappropriate for a country of great stature and leadership in the world such as the United Kingdom to not
participate in human space flight nor in space medicine research. The world is building an International
Space Station, then soon to return to the Moon, and then on to Mars. The UK should be a part of that
human destiny.

October 2006

Memorandum 18

Submission from LogicaCMG

Executive Summary

1. LogicaCMG supplies IT facilities and services to the space industry and also to the communities that
use satellites. We believe that our involvement at both ends of the space business is mutually strengthening,
and that this business model provides lessons for the economy as a whole. The relevance of those results to
the five issues identified in the call for evidence is summarised in paragraph 18.

Introduction—the Upstream/Downstream Virtuous Circle

2. LogicaCMG is amajor international force in IT services. It employs 30,000 people across 36 countries.
LogicaCMG’s focus is on enabling its customers to build and maintain leadership positions using
LogicaCMG’s deep industry knowledge and its track record for successful delivery. The company provides
business consulting, systems integration and IT and business process outsourcing across diverse markets
including telecoms, financial services, energy and utilities, industry, distribution and transport and the
public sector. Headquartered in Europe, LogicaCMG is listed on both the London Stock Exchange and
Euronext (Amsterdam) (LSE:LOG; Euronext:LOG). The UK business unit dedicated to the space
marketplace is the largest UK space software group, and supports about 350 LogicaCMG staV.

3. LogicaCMG’s mission statement is “to help leading organisations worldwide achieve their business
objectives through the innovative delivery of information technology and business process solutions”. The
leading organisations that LogicaCMG helps are in both the downstream (near to the end users and
consumers) and upstream (infrastructure and manufacturing) parts of the economy. We recognise that this
terminology is not precise in that “one person’s upstream is another person’s downstream”, but the virtuous
circle argument applies wherever the upstream and downstream occur in a value chain.

4. Our experience is that by being involved in one end of a sector, we are better positioned to help
organisations at the other end to achieve their business objectives. Having assisted in preparing the evidence
to be submitted to the select committee byUKspace and Intellect, we will focus in our evidence on upstream/
downstream synergy which we believe is an important consideration in justifying public sector investment
in the upstream aspects of space, and has not been addressed in great detail in the other evidence of which
we are aware.
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Upstream-Downstream Business Synergy

5. The following examples illustrate this synergy for our space business.

Mobile telecoms

6. We selected a commercially optimum mix of GSM and Inmarsat services to link the remote telemetry
units of the 150,000 km British national gas pipeline network. Now we are helping Inmarsat to define,
develop and deploy its next generation of mobile satellite telecom services. In five years time we will help
user organisations to integrate Inmarsat’s new services into their networks where commercially justified.

Fixed line telecoms

7. We provided a commercially optimum mix of terrestrial and satellite (VSAT) links to connect the
Indian National Reserve Bank with 400 banks throughout the sub-continent. Based on our knowledge of
the changing marketplace and the technical solutions addressing it, we are now helping Avanti to define,
develop and deploy a next generation satellite service (called Hylas). In five years time we will help
organisations to select hybrid telecoms services that are commercially optimum in the light of Hylas and
other new services available then.

Defence telecoms

8. Ten years ago, based on our knowledge of the commercial telecommunications marketplace and of
defence systems, we helped Astrium and UK MoD to define the communications requirements of its next
generation telecommunications satellite, Skynet 5, and then helped define the commercial arrangement that
would apply (PFI) to that programme. Now we are developing and deploying major elements of the service
delivery infrastructure of Skynet 5. In five years time we will be helping UK MoD to deploy new services
enabled by a balanced mix of military and commercial, satellite and terrestrial links.

Positioning

9. LogicaCMG has been supplying fleet management, routing and other positioning systems to
commercial and public sector organisations for more than 20 years, using a mix of terrestrial and satellite
technologies. Now we are helping to define, develop and deploy both EGNOS and Galileo, Europe’s two
new satellite positioning systems.* In five years’ time we will be helping mobile telecom operators and other
organisations in the business of Location Based Services to integrate EGNOS and Galileo into their service
portfolios.

Space science

10. We define and develop the information management systems that enable X-Ray astronomers to
achieve their research objectives using Europe’s giant XMM-Newton space telescope. We developed the
software that guided the highly successful Huygens probe to Saturn’s moon Titan in January 2005. Our
ability to understand scientific objectives underpins our team of space scientists and computer scientists who
are defining and designing Europe’s next Mars probe, ExoMars. In five years time we will be helping
scientists to define and develop IT systems to maximise the scientific payback of ExoMars.

Remote sensing

11. LogicaCMG is the world leader in helping nations and organisations deal with the consequences of
global warming through carbon trading, energy trading, etc.31 We are also Europe’s leading information
security organisation having undertaken for example over 60% of UK government system security
evaluations. Now we are defining the data security architecture for Europe’s new environmental satellite
programme, Global Monitoring for Environment & Security (GMES). In five to 10 years’ time we will be
helping public and private sector organisations across Europe to integrate information from GMES into
their environmental management systems.

12. Ten years ago we provided Eumetsat with the computer facilities to turn raw satellite images into the
meteorological information required by Europe’sMetOYces. Three years agowe helped theUKMet OYce
to manage the information technology aspects of the move to their new Exeter HQ. Now in Japan we have
developed a state of the art facility to correct the images from that country’s new generation of weather
satellites, MTSAT, and disseminate them to users. In five years’ time we will help Eumetsat and the Met
OYce to develop Europe’s next generation of weather forecasting data systems.

* A summary of our extensive roles in Galileo can be found at http://www.logicacmg.com/United–Kingdom/350233271.
31 See for example http://www.logicacmg.com/cmt/press-releases/index.asp?display%detail&id%1623.
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Quantifying the benefits

13. We can quantify the benefits of LogicaCMG’s upstream work using the methodology and
terminology in the recent study of “the impact of space derived services and data” for EADS Astrium by
Oxford Economic Forecasts (OEF). LogicaCMG’s direct UK upstream space revenues currently amount
to about £30 million per annum, which equates to about 350 employees at the LogicaCMG average annual
revenue per capita of £86k.32 OEF estimates that indirect and induced eVects for the space sector are 3.1
times the direct benefit33, thus implying that another x1,100 jobs are supported by this LogicaCMG
upstream activity. Using OEF’s figures, these direct, indirect and induced eVects contribute just over
£100 million to UK GDP.

14. Another factor that is quantifiable is the GDP contribution of R&D. The upstream space activities
undertaken by LogicaCMG are largely R&D in nature. A conservative estimate is that 75% of the
x£30 million annual revenue falls into the R&D category, ie £22 million. Most of this R&D is externally
funded (albeit mostly under fixed price conditions so that LogicaCMG bears the commercial risks). OEF
estimates that for the aerospace sector R&D investment generates a social return of about 70%34, so this
£22 million leads to a spillover increase of £15 million in UK GDP in the long run. Thus, in total
LogicaCMG’s upstream space business contributes about £115 million per annum to UK GDP.

15. OEF concludes35 that “on top of [its direct, multiplier impacts and R&D spillover impacts] the
application of space derived services and data further contributes to the UK economy by facilitating the
provision of a wide range of services to business and consumers, and by enabling the UK’s infrastructure
to be used more eYciently.” OEF however then goes on to state that “It is not possible to quantify the value
of all the additional benefits.”

16. The benefits illustrated by LogicaCMG’s upstream-downstream synergy fall into this “catalytic”
category of benefits as OEF calls them, which OEF considers unquantifiable, and we have therefore not
attempted to do so. What we can say is that the LogicaCMG downstream business that incorporates some
element of space services substantially exceeds the £30 million upstream business.

Conclusions

17. It is good for organisations that use satellites that LogicaCMG understands the trends in satellite
services. It is also good for organisations that design and operate satellites that LogicaCMG understands
the trends in the markets that will use their satellites and services. And finally, it is good for LogicaCMG
that we are helping both suppliers and users of satellites because that virtuous circle ensures a sustainable
business future for our company and our staV. We believe that this model of synergy between upstream and
downstream sectors applies to the economy as a whole not just to one company in it—by having companies
active throughout the full space value chain the economy is more resilient to changes in markets,
technologies, consumer trends and the many other factors that can aVect economic success.

Issues Identified in the Call for Evidence

18. Turning to the five specific issues in the Call for Evidence, the following summary draws from the
examples above:

(i) Competitiveness. UK has historically invested in space R&Dwith a view to getting a return on that
investment, unlike many other countries which have focused on expensive prestige space
programmes. This focused funding strategy has been successful in underpinning the UK space
industry’s current healthy position. Although much of LogicaCMG’s space business is for the
commercial and defence markets (ie not R&D markets), government investment in space R&D
programmes has been essential in underpinning the development of LogicaCMG’s space business
for more than 30 years. Further well-targeted government investment will continue to strengthen
UK industry’s global competitiveness.

(ii) Benefit of ESA. ESA and Eumetsat programmes have consistently provided technology,
experience and the necessary focus that enhances LogicaCMG’s global competitiveness. ESA is
highly skilled at delivering technically complex and advanced systems, sometimes in the presence
of heavy-handed political interference (particularly in the so-called optional programmes).

(iii) Innovation and Knowledge Transfer. ESA has acted as a very eVective mechanism for turning UK
Research Council funding into commercially exploitable outputs.

(iv) Benefits of Government Space Activities. Services delivered by, or involving, satellites are an
increasingly routine element of daily life—in both commerce and government. Space provides an
essential part of the knowledge infrastructure that Britain’s knowledge economy will rely on in the
21st century, e.g. in the domains of broadcasting, telecommunications, navigation, security and

32 LogicaCMG Annual review and summary financial statements 2005.
33 “The Case for Space—the Impact of Space Derived Services and Data”; OEF, Oxford, Final Report, June 2006, p 8.
34 ibid, p 25.
35 ibid, p 5.
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global warming. Coordinating Government investment in space R&D across Departments has
proved particularly diYcult in the early phases of new programmes, ie when the benefits to the user
Departments are not yet clearly identified.

(v) Space Research and Skills Base. The outreach power of space programmes in illustrating the hi-
tech world is out of all proportion to their intrinsic cost. At LogicaCMG space activities represent
a relatively small part of the company’s overall business (1–2%) but a significant part (10–20%) of
the company’s publicity output, reflecting the highly positive image that national and international
space programmes project to investors, clients, staV, and potential recruits.

October 2006

Memorandum 19

Submission from Miss Agnieszka Skorko

I am a medical student in the UK and have recently had the opportunity to get involved in the medical
side of space-related activities. This is a fascinating field with the potential to teach a huge amount about
human physiology, as much on Earth as in space.

By taking part in space research the UK would be able to participate in a highly intellectual field which
can answer many questions relating to Earth-bound medical situations. Currently there is a small but
growing group of individuals in the UK, both practising doctors and students with many ideas for research
in the area of human space flight. The fields for research with immediate relevance to clinical practise are
numerous—ranging from simple areas such as fluid balance in the body to new technologies such as stem cell
research. All such fields have the potential to yield huge amounts of information about health and disease.

Researchers in other countries are developing new technology for space flight which have the potential
to improve clinical practise on Earth. I myself have been part of one such group. Many other investigators
in such endeavours are from the UK but the lack of a space programme in this country is driving them
abroad. If these individuals had the opportunity to develop their ideas in the UK these innovations could
ultimately be utilised in the NHS to ensure a world-class standard of care.

Currently my only option for involvement in this emerging field is to travel to the USA after graduation
when in fact my wish would be to remain in theUK and demonstrate to the world the incredibly high calibre
of research that is possible in the UK.

Although the cost may seem high, I feel the rewards will be much greater for the UK, not only from a
medical point of view. What have we achieved in recent years to inspire the future generations to become
involved in science? As a child my most memorable experience was of meeting Helen Sharman and hearing
her inspiring story. Canwe not repeat her extraordinary experience with aUKastronaut being powered into
space by technology and knowledge developed here? I believe this goal is within our grasp. Please don’t let
this opportunity pass our country by.

October 2006

Memorandum 20

Submission from Space Connections

1. Space Connections is an initiative of Yorkshire Forward, the Regional Development Agency for
Yorkshire and the Humber. Space Connections was set up to bring coherence across the educational uses
of space activity and to maximise the impact that space can have on the Science, Technology, Engineering
and Maths (STEM) curriculum and on the wider curriculum. It was established as a response to the severe
shortage of young people pursuing the STEM subjects, with the specific purpose of attracting more young
people into further study and careers in these areas—an essential requirement for the future competitiveness
of the UK.

2. ESA and Yorkshire Forward have exchanged letters of agreement by which Space Connections is
leading on the establishment across the UK of a pattern of ESERO (European Space Education Resource
OYce) contact points. An ESERO oYce is already established in theNetherlands, and those in Belgium and
Spain are imminent.

3. BNSC and Yorkshire Forward are exchanging letters of agreement by which Space Connections will
initiate the development ofmore eVective coordination of space education activities in theUnitedKingdom.
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4. We believe that space motivates young people and attracts them towards science and technology.
There is substantial anecdotal and limited quantitative evidence for this assertion. Space Connections,
jointly with the British National Space Centre (BNSC), the Particle Physics and Astronomy Research
Council (PPARC) and EADSAstrium, recently funded a study36 under the Case for Space activity to gather
together evidence under a number of key questions, each now considered in turn:

What is theEvidence thatEngagement with Space makes aDifference to theEducation andCareer

Choices of Young People?

5. Of 46 teachers and others surveyed, all were enthusiastic about the use of the space theme on young
people’s learning, including its eVect on behaviour, motivation and achievement.

6. Themost consistent example of the application of space is that of Careers Scotlandwhomake extensive
use of space activity through the Scottish Space School across the full 5–18 age range. A tracking system
has produced specific evidence of the impact of space on young people’s educational and career decisions.
Of 53 young people on last year’s Space School, 25 said the experience had directly influenced their choice
of a science or engineering course and a further 12 had their earlier decision to do so confirmed. Additional
benefits included increased confidence, enhanced teamworking and problem solving capabilities and new
insight into potential careers.

7. As one example, DyVryn High School in Wales has seen a dramatic increase in the number of pupils
opting to do triple science at GCSE through the use of space activity.

8. Over a 10 year period Anu Ojha, an Advanced Skills Teacher of Physics at Perry Barr High School,
Birmingham, has systematically recorded the impact of space-related ideas on pupils’ educational outcomes.
His data shows that the space context has had significantmeasurable impact on achievement, often onwhole
classes. Students have regularly achieved better than predicted grades at GCSE and A-level, and increased
numbers have progressed on to physics and related courses at University.

9. In higher education, there is evidence that space themes increase the attractiveness of physics degree
courses. Salford University report considerably larger numbers opting for the Physics with Space
Technology programme than for traditional physics courses. The intake at the University of Leicester is
bucking the trend towards decline in physics numbers; again attributed specifically to their involvement with
space activity. UCAS figures show that of all acceptances on to engineering first degrees, only those for
Aerospace Engineering have shown a consistent growth over the last ten years.

10. We surveyed 3,000 members of the Institute of Mechanical Engineers (IMechE) of whom 498
responded. When asked how significant space was as a factor in influencing their own education and career
decisions:

— 38% said that space was a significant factor in influencing their subject choices at school;

— 35% said that space was a significant factor in influencing their further and higher education
choices; and

— 27% said that space was a significant factor in influencing their career choices.

11. When the engineers were asked whether they thought space influenced young people at school
(moderate influence or higher):

— 80% thought that space influenced the motivation of young people; and

— 78% thought space influenced young people towards Science, Engineering and Technology
subjects.

12. Professor Stephen Donnelly, Dean of the Faculty of Computing, Science and Engineering, Salford
University, says: “My career choice was greatly influenced by following the coverage of the moon landings
in the 1960s. I am absolutely convinced that by giving space activity in the school science curriculum a higher
profile it is possible to influence young people today into making educational and career choices that will
significantly boost the numbers taking up science and engineering related options.”

How does Space Compare with Other Themes in Engaging Young People on Science/Engineering/
Technology?

13. Space scores over most other themes on several counts. It is a multi-faceted topic with suYcient
aspects of inherent interest to oVer appeal to diVerent ages and abilities and to boys and girls; there is a band
of very enthusiastic teachers; there are exciting large scale resources; it relates to many unanswered
questions, it oVers opportunities to push forward technological barriers.

14. In addition to its scientific basis, space has humanitarian, global, environmental and enterprise
dimensions, it crosses one spectrum from aero-space to astro-space, and another from ethical across to
technological issues. No other theme presents such a range of opportunities to interest, motivate, and
influence young people.

36 Spencer, P andHulbert,G:TheEducationAndSkills Case for Space (BNSC,EADSAstrium, PPARCandSpace Connections;
June 2006).
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15. When the approx. 500 mechanical engineers in our IMechE survey asked if they could think of
another topic as eVective as space in interesting young people in science, engineering and technology, 45
named “transportation” and 23 named “buildings and structures”. No other topic had significant mention.

16. As well as the specific contribution made to science education, it should be borne in mind that space
is extensively used in the contexts of environmental education and enterprise activity. It can fairly be claimed
that no other topic makes such a wide-ranging contribution to the curriculum.

How Does the Skills Base of the UK Space Industry Compare with Other Industries?

17. Our survey showed low awareness among young people of the nature and extent of the UK Space
industry. Primary school children generally know of only one space-related career, namely being an
astronaut. Secondary school children generally believe that to work in the space industry you have to go to
America. Careers information, advice and guidance are inadequate.

18. Both our surveys (general and IMechE) demonstrated that those in the industry are concerned not
only about the number of new recruits, but about their quality. Responses to the question on the skills issues
facing young recruits included:

— declining GCSE and A-level standards;

— poor mathematical skills;

— little experience of team working;

— lack of commercial awareness;

— lack of fundamental work ethic; and

— low awareness of how things work.

19. Continued and increased investment in space, creating a dynamic and vibrant space industry,
capitalises these benefits to all our young people and makes a significant contribution to recruitment into
and general awareness of the STEM subjects.

20. Space is a unique theme within education. It contributes directly to science, enterprise and
environmental education. Its appeal is across all ages and to both genders. Quantitative evidence linking
involvement with space activity to achievement in science is limited but persuasive.

Executive Summary

Space Connections is responsible for establishing the pattern of European Space Education Resource
OYces across the UK, and for establishing coherence across space education activities in the UK.

We have amassed evidence, including quantitative evidence, that space motivates young people and
attracts them towards the STEM subjects (science, technology, engineering and mathematics). A survey of
teachers and others, and a second survey of members of the IMechE (Institute of Mechanical Engineers)
have confirmed this view.

TheUKSpace industry is a highly skilled and highly productive industry, but awareness of it is low among
young people. Space appeals to all ages and both genders, contributing significantly to science, enterprise
and environmental education. Enhanced investment in UK space is vital to capitalise on the unique
contribution that space makes to education.

October 2006

Memorandum 21

Submission from Space Enterprise Partnerships Ltd

Introduction

My company oVers consultancy in the creation of successful partnerships to develop innovative space
based capabilities. It is based on the premise that it is now very diYcult for a single company, particularly
the smaller specialist businesses, to maintain all the leading edge capabilities to succeed in the very
competitive space environment. Independent advice to identify potential partners who have both the
technical ability and access to the necessary investment is therefore increasingly necessary. A particular
feature is the increasing need for international partnering.

Until recently I was theDirector of BusinessDevelopment for Space Science, Exploration and Propulsion
at QinetiQ. During my time with the company I created and managed a small satellite project, set up the
first major electric propulsion projects and helped bring some of QinetiQ’s advanced defence technologies
into the space arena. The successful programmes were based on exploitation of key QinetiQ capabilities
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matched to those of a range of international partners. The electric propulsion programmes demonstrated
that Britain still has the potential to lead the world in creating innovative new business from technical
excellence.

During the past two years I have also been chairman of the UKSpace Science and Exploration Sub-
committee.

Evidence

In written evidence I am most keen to register support for the submission to your enquiry by UKSpace.
This clearly identifies the many benefits that Britain’s space activities bring and the vital, if too often
understated, role that space now plays in our daily lives. In the wider, global space community there is
universal acceptance that space is both a symbol and a quantifiable measure of the technical and scientific
standing of a nation. Not only are the established “space-faring” nations looking to new initiatives to extend
their space-based capabilities; many new nations are now actively seeking their own capabilities for both
strategic and economic reasons. Your enquiry is therefore particularly timely.

May I therefore oVer two supporting items of evidence to the UKSpace submission:

Space science and exploration

Although the immediate economic benefits may often be intangible the sense of achievement from today’s
exceptionally challenging space science and exploration projects is an essential ingredient in the motivation
of the science and technology community. I know of few other walks of life where people work for much
longer than their nominally paid hours for the satisfaction of achieving the apparently impossible. Yet this
is the commitment and determination which is needed to maintain a technical lead in a competitive world.
I would suggest that if Britain is to remain economically competitive this entrepreneurial culture must be
encouraged through continuing investment in both the national and ESA science and technology
programmes which have brought so much past success. In this respect the creation of a Large Facilities
Council (LFC) oVers a valuable opportunity provided that it is firmly founded on sound commercial
practice aimed at facilitating the entrepreneurial culture.

Space Electric Propulsion

This is a good example of Britain’s ability to develop world class technology in the face of the most fierce
international competition if properly supported. The US is a decade ahead of Europe in the adoption of
this advanced space propulsion for commercial and defence missions. This follows significant institutional
investment in science and defence programmes and more recently commercial investment for a recognised
emerging market. By comparison development in the UK has been achieved through more modest but
sustainedMOD and BNSC. Consequently Britain will provide the most technically advanced space electric
propulsion system in the world for the ESA Gravity Field and Steady State Ocean Circulation Explorer
(GOCE) mission to be launched in 2007. The same research and development has also produced the most
eYcient high power electric propulsion systems so far for future large commercial spacecraft. As ambitions
grow to explore our solar system and provide increasingly more capable space-based commercial services
the performance and economic benefits of space electric propulsion will be realised in the same way that the
motor car replaced the horse and trap a century ago. As a direct result of the past government support
Britain now has real commercial prospects in this evolving market.

I would be happy to oVer oral evidence in support of space electric propulsion as an example of the
benefits of long-term government support for leading edge technology development.

October 2006

Memorandum 22

Submission from the Royal Institution of Great Britain

TheRoyal Institution (Ri) was founded in 1799 and over the years has grown significantly in size, breadth
of activity and profile from within its original, elegant central London townhouse. The Ri’s events are open
to everyone, and nowwith over 3000 individual members, fourteen corporate members and in excess of fifty
event partners, the Ri oVers unlimited access for many thousands of people to encounter “real” science.

Over 30,000 children and tens of thousands of adults attend our varied programme of public lectures and
events each year. In recent years, the Ri has covered a huge range of relevant topics, from cutting-edge
discoveries in chemistry and physics, to debates on genetics and other medical and health issues, the
application of the latest technological advancements to our everyday lives, exploring the symbiosis between
science and arts, discussions about travelling to outer space, and even the science of ice cream!
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The Ri is particularly committed to increasing access to science for young people. In fact, Michael
Faraday himself inaugurated the very first science lectures for young people in the 1820s, and since then our
work with schools has been at the heart of our success. Our Science for Schools (SfS) programme comprises
special events for primary, secondary and 16! school groups, including science talks; thousands of children
come through our doors via the SfS programme every year. The aim of these unique events is to get children
excited about science, technology and maths, aware of their impact on their everyday lives and to consider
a career in science as a viable option.

Some of the most successful and popular events that we have run as part of the SfS programme have
covered human space flight, the science, engineering and technology required to take humans into space and
highlighting the diversity of disciplines involved in one mission. In 2005, we ran a few events given by Dr
Kevin Fong from the Centre for Aviation, Space and Extreme environment medicine. We found that the
students not only responded to his delivery style, but also that the focus of the event on a highly inspiring
topic made learning complex science much easier than it otherwise would have been.

Using the focus of human space flight made learning about physics (eg trajectories of planets and
spacecrafts, the solar system, rockets, etc), biology (eg how the human body works and the eVects of zero
gravity) and chemistry (eg chemical composition of rocket fuel) easier for the majority of students than it
otherwise would have been. Having the benefit of input from scientists actually involved in human space
flight added to the quality of the experience, and helped raise students aspirations to envisage themselves
taking part in similar programmes. From our involvement with scientists involved in human space flight
programmes, we feel that the motivational benefit for UK students is enormous and can only have a positive
impact on the UK skills base.

October 2006

Memorandum 23

Submission from Dr Richard JE Skipworth

Executive Summary

1. I am an Edinburgh-based surgeon with a long-standing interest in space biomedicine.

2. I am also Treasurer of the recently-formed UK Space Biomedicine Group (UKSBG), a scientific
organisation that embodies the majority of the UK space biomedical community.

3. I have been interested in space exploration and space medicine for many years. I was one of the first
UK nationals to undertake an elective period of study in aerospace medicine at Kennedy Space Center,
Florida, USA.

4. In this submission, I would like to reiterate the points made in the UKSBG group submission namely,
that the UK’s lack of support of space science combined with its current policy of non-participation in
human space platforms will leave us languishing behind our European and international counterparts.

5. I would also like to oVer some more personalised views surrounding microgravity research which are
pertinent to my own work experience and terrestrial research with terminal cancer patients.

Detailed Submission

6. There are several facts surrounding UK involvement in space exploration and these are as such:

7. That involvement in space programs (human and otherwise) have undoubted advantages including:

— knowledge collation and transfer;

— scientific inspiration;

— interdisciplinary and international teamwork;

— abrogation of the current “brain drain”;

— significant beneficial impacts on terrestrial medicine;

— technological innovations and spin-oVs (eg space blankets, CT scanners, laser and ultrasound
technology to name but a tiny fraction);

— economic benefit; and

— political leadership.

8. At present, the UK involvement in space exploration is represented by only a small contribution to the
European Space Agency’s (ESA) Aurora programme.
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9. That failure of significant UK involvement in future space programmes will leave us languishing
behind our European and international counterparts in what is an expanding and increasingly
competitive field.

10. That there is currently no formalised UK structure within the existing Research Council framework
that permits allocation of funding to space science.

11. That UK involvement in human space science has been strongly supported by three recent high-
profile reports. These include the:

— The Microgravity Review Panel (15 January 2003) chaired by Professor Wakeham (http://
www.microgravity.ac.uk/recommendations.pdf).

— The Report of the Aurora Cross-Council Meeting (7 May 2004) (http://www.star.ucl.ac.uk/wiac/
Cross—Council—Report.pdf).

— The Royal Astronomical Society (RAS) Commission on the Scientific Case for Human Space
Exploration (18 October 2005) chaired by Professor Close, OBE (http://www.ras.org.uk/images/
stories/ras—pdfs/Final%20Report%20 October%202005.pdf).

12. That some of the areas that are covered by space science and could enjoy UK involvement include:

— Physical sciences

Fluid sciences, combustion and plasma physics;

Materials sciences, including crystallisation processes;

Astrophysics, geophysics and microgravity.

— Life sciences

Human physiology and medical research;

Biotechnology and microbiology;

Psychological research related to long-term human space flight.

— Human and robotic exploration

Lunar exploration;

Solar system, including planetary and asteroid exploration;

Extra-solar system exploration.

13. That the space environment aVects human physiology in a number of unique ways and research
targeted at further understanding these changes is currently the focus of space biomedical programmes
worldwide, particularly with the new emphasis on exploration-class missions at the National Aeronautics
and Space Administration (NASA) and European Space Agency (ESA). For example, the National Space
Biomedical Research Institute (NSBRI) in the USA has identified the following twelve research areas as
being of critical importance to human space exploration: bone loss; cardiovascular alterations; human
performance factors, sleep and chronobiology; immunology, infection and haematology; muscle alterations
and atrophy; neurobehavioural and psychosocial factors; nutrition, physical fitness, and rehabilitation;
radiation eVects; sensorimotor adaptation; smart medical systems; technology development; and space
medicine.

14. That there is a very real and nascent interest and expertise in space medicine in the form of the
UKSBG; this interest and expertise is not supported by current UK space policy.

15. That the advent of space tourism demands that research into spacemedicine is fully supported byUK
policy to ensure safety of travellers.

16. That UK policy should be altered to rectify the current shortcomings and establish the UK as an
international leader in space science.

17. That UK involvement in space science may have advantages to manymore disease processes than are
usually quoted. I have an academic interest in muscle wasting in cancer patients (I am currently enrolled for
aDoctorate ofMedicine at theUniversity of Edinburgh), a subject very closely related to themuscle wasting
experienced by humans in microgravity conditions or long-term bed rest studies (such as those run by ESA).
UK involvement in research focused on this human “model” of muscle wasting would have significant
terrestrial benefits for many vulnerable patient groups including cancer patients. Also, as an individual who
is interested in spacemedicine, I am also involved in research projects examining the eVect of posture change
on the cardiovascular system. Studies of this sort have the potential to alter radically our understanding of
human physiology, leading to wide-ranging ramifications to terrestrial medicine. In short, any of the
scientific literature in space physiology is easily applicable and transferable to other disease processes.



3553511023 Page Type [O] 12-07-07 01:53:05 Pag Table: COENEW PPSysB Unit: PAG1

Science and Technology Committee: Evidence Ev 175

18. That international involvement in space programs and space science is heavily endorsed by prominent
individuals both within and outwith the space community. Examples of such include:

“Space research plays a vital role in European science” Herbert Diehl of the German Ministry of
Education and Research.

“The International Space Station represents a unique test bed for a science programme aimed at
understanding a whole range of medical problems” Dr Peter Norsk of the ESA European
Users’ Board.

“Space-based Earth Observation has lead to many important developments, from the detection
and understanding of the ozone hole to major advances in weather forecasting. These are results
that aVect European citizens every day in ways that they are probably not aware of. The Earth’s
climate is very complex and we now trying to look at longer term eVects and changes, but as people
have already said, international co-operation and better co-ordination is required.” Lennart
Bengtsson of the Max Planck Institute for Meteorology.
The following is a text of a message from Secretary-General Kofi Annan, on the occasion of the
40th anniversary of Yuri Gagarin’s flight and the 20th anniversary of the launch of the first United
States space shuttle (UN Headquarters, New York, 11 April 2001): “The exploration of outer
space has already revolutionized life on our planet in many ways. Observations from outer space
have enhanced our understanding of our common environment, for example, by providing images
of the ozone layer and world climate conditions. Space technology has led to advances in fields
ranging from the monitoring of natural disasters to the development of navigational systems.
These examples of the benefits of space technology—some immediately apparent, some much less
so—provide a powerful justification for the peaceful exploration of outer space . . . .”
“. . . Space science and technology have a great potential for enriching the lives of people around
the world. Today, one can talk to people on the other side of the planet, thanks to satellite
communications. One can get information on the weather in any part of the world, thanks to Earth
observation satellites. Some of us no longer have to worry about getting lost on the roads, thanks
to satellite navigation . . .”

“. . . In a matter of minutes, severe disasters may destroy all the progress made over years in social
and economic development. But space technologies can significantly mitigate this damage. Earth
observation satellites provide essential data to give early warnings for extreme weather
phenomena. People can then take timely action to minimize damages. Later, when a natural
disaster hits society and destroys infrastructure, communications satellites provide means to
disseminate and exchange vital information. This can help contain further damage and loss of
human life . . .”

“. . . In some parts of the world, people enjoy instant access to a vast amount of information and
easy communications with their friends on the other side of the world, thanks to the Internet. At
the same time, one half of the world’s population has never made a telephone call. Satellite
communications can help us close this gap, to help the world move forward from ‘digital divide’
to ‘digital bridge . . .’”
“. . . The use of space technologies will be part of some of the new initiatives that I announced in
myMillennium Report. Communications satellites will be useful for the Health InterNetwork, to
establish 10,000 on-line health information centres at hospitals and clinics in the developingworld.
The ‘First on the Ground’ disaster response programme will provide mobile and satellite
telephones for humanitarian relief workers to help the victims after disasters.”

19. In summary, and without attempting to labour the point, it is imperative that the UK increases its
current involvement in European Space Programs in order to benefit both theUK, by cementing its position
as a world leader in the science of tomorrow, and mankind as a whole, by contributing to the acquisition
of vital, potentially life-saving knowledge and technology.

October 2006

Memorandum 24

Submission from Dr Tamara Banerjee

AN ARGUMENT FOR BRITISH INVOLVEMENT IN HUMAN SPACE FLIGHT

Executive Summary

1. TheUKhas the potential to be aworld leader in the field of spacemedicine. They have talented doctors
and scientists actively trying to move the UK forward, but this is proving to be impossible without national
support. This is detrimental to UK education, research and the UK economy. The UK needs to be involved
in the human spaceflight programme.
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Commentary

2. I am currently a junior physician in Oxford. As a medical student I had the privilege of being able to
participate in a student parabolic flight campaign, organised and funded by ESA. My interest in this area
has snowballed since this once in a lifetime opportunity. An experiment of mine was flown on the FotonM1
mission in Russia, and on the Cervantes mission to the ISS. Our team was from the UK but it was the ESA
outreach programme that enabled us to do this. There are many students who are fascinated by space and
space travel. The UK must start providing opportunities of its own to ignite young students’ interests in
pursuing a science career.

3. Through a contact from another founding UKSBGmember, I spent eight weeks as an investigator for
the Women International Space Simulation for Exploration 60 day bed rest study which took place in
Toulouse, 2005. This was a unique opportunity to observe the work of top researchers in the space
physiology field, where teams from the USA, Canada and Europe were all collaborating to make advances
for human space flight. It was sad that the UK was unable to be a part of this. I was a member of the
University of California, San Diego team, NASA trialling a lower body negative pressure device to
potentially be used as an exercise countermeasure on the ISS. This has many medical applications on Earth
too, and is being used in the UCSD orthopaedic department. I am still involved in this project and have
personally benefited from being part it, but I am only able to play a minor role. UK researchers should be
able to contribute to these campaigns in amajor way, and have the opportunity to take leading roles in these
advanced medical projects.

4. I would love to pursue a PhD in the UK in space medicine/physiology. This is currently impossible.
There are no post-graduate opportunities in this field. There are leading space physicians and physiologists
from the UK but they all work abroad. I, along with many of my peers, am being forced to move abroad
to pursue a career in this field and will be of detriment to the UK science community as well as the NHS.

5. A panel of four UK doctors (including myself) and two American doctors talked at the Aerospace
Medicine Association conference in Florida, 2006 about the medical skills set needed for a mission toMars.
This was very well received, and our colleagues from NASA were astonished that even without
governmental support, there are such vibrant and knowledgeable space medicine experts in the UK. These
experts will not exist for very much longer, because they are currently totally unsupported within the UK,
and will be unable to maintain their interests with government backing.

6. The transition from aviation to aerospace travel started in the 1960s and is progressing quickly, with
the prospect of going back to the Moon, going to Mars, and increasing space tourism. This is happening
without input from the UK. We should not stand here and watch other countries stride ahead, and lose the
huge benefits to be gained from a healthy space medicine research community.

October 2006

Memorandum 25

Submission from the UK Space Academic Network

Executive Summary

1. This submission is made by the Space Academic Network, representing about 20 UK university- and
institute-based research groups that cover a broad range of Space disciplines.

2. During the past decade, the UK competitive position in respect of its national programme has
worsened with respect to several comparable European countries.

3. Formation of the Large Facilities ResearchCouncil provides theUKwith an unparalleled opportunity
to enhance the eVectiveness of its Space Science.

4. The BNSC coordinates the space activities of a grouping of Government Departments and Research
Councils. While it has achieved some success in coordinating the UK approach to the various ESA bodies,
it has no real budget and therefore little responsibility, power or authority.

5. The nature and constitution of the BNSC as a loose assembly of partners gravely inhibits the
development of a national space strategy and the provision of coherent advice to Government on space
matters.

6. The UK is the only G8 country without a space agency. This has resulted in a weak national
programme and leaves us unable to benefit fully from our GDP-level subscription to the ESA Science
programme.



3553511025 Page Type [O] 12-07-07 01:53:05 Pag Table: COENEW PPSysB Unit: PAG1

Science and Technology Committee: Evidence Ev 177

7. While a number of general and detailed advantages that would result from an agency are listed in the
submission, it is recognized that the establishment of a broadly-based national space agency would have
significant ramifications. However the formation of the LFRC to include the PPARC science base in
addition to a range of large facilities could allow a new, rational and internationally competitive structure
to be designed for the conduct of the space sciences.

8. Such a structure could be achieved either by associating a revitalised BNSC with the new Council or
by establishing a purpose-designed unit within the LFRC to take responsibility for an enhanced UK space
science programme. Whatever structure is set up should be based on active participation by the UK space
community in HEIs.

9. Comparison with the space science programmes of our major European competitors suggests that an
uplift of £10 million–£15 million per annum is needed to give a comparable ratio of UK national spend to
ESA subscription.

10. The opportunity to rectify this situation and to establish a coherent national strategy for space science
has been provided by the decision to form the Large Facilities Research Council. This opportunity must be
grasped urgently if we are not to lose our high international standing in the world space arena.

1. Introduction

1.1 This submission is from the Space Academic Network, a body representing about 20 UK research
groups, mainly university- and institute-based, covering a broad range of disciplines including Astronomy,
Climate and Earth Science, Fundamental, Planetary and Solar System Physics. Much of the UK’s world
standing in these areas comes from exploitation by these groups of space facilities and includes a successful
record of technical innovation and knowledge transfer to Industry. Skills developed in work on Climate
Change have particular relevance for Government policy and international obligations.

1.2 The strengths possessed by these groups include:

— world-leading achievements in a broad range of physical sciences including the space-based
environmental and climate sciences;

— many significant examples of innovation and knowledge transfer resulting from the development
of advanced space instrumentation;

— demonstrated ability to enable high profile outreach activities that enhance graduate recruitment
in Engineering and Physical science subjects; and

— underpinning the UK Space Industry by innovation, knowledge transfer and staV training.

1.3 While PPARC support for the ESA programme has significantly increased in the five year period
from 2003, our competitive position with respect to several comparable European countries has noticeably
worsened in the level of support devoted to the national space programme.

1.4 We believe that the decision to form the Large Facilities Research Council by the amalgamation of
PPARC and CCLRC provides the UK with an unparalleled opportunity to enhance the eVectiveness of its
Space Science.

1.5 In this submission we indicate some of the diYculties that arise from the present arrangements for
the organization and support of space research in the UK and suggest some possible measures to remedy
the situation.

2. British National Space Centre—Difficulties Posed by its Organization and Role

2.1 Summary

The British National Space Centre (BNSC) coordinates the activities of a grouping of Government
Departments and Research Councils with interests in space. It has functioned well as an association for UK
space-related networking and information exchange. It has an excellent and eVective staV and has achieved
some success in coordinating the UK approach to the various ESA bodies. However in terms of UK space
activities it has no real budget and therefore little real responsibility, power or authority. Thus the individual
partners are free to follow their particular interests without any necessary regard for the overall national
interest in the space arena.

2.2 Lack of Substance

In the science area in particular, the UK’s international influence is severely hampered by the BNSC’s
lack of substance. One of the stated objectives of setting up the Large FacilitiesResearchCouncil is to ensure
that the UK is maximally eVective in participating in large international science facilities and endeavours.
In this context, in addition to our strong collaboration with Europe (ESA), coupled with a highly successful
past record of collaboration with USA (NASA) and Japan (JAXA), the strategic importance of establishing
collaborations with the emerging Chinese and Indian programmes is well understood. Who will take the
lead in this where space is concerned? The BNSC has no negotiating power because it has neither national
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budget nor adequate influence and therefore nothing to bring to the table. It is regarded with a mixture of
bemusement, amusement, and sometimes disdain by our current major international partners. The newly
emerging space nations will soon arrive at the same view if the present situation is allowed to continue.

2.3 Formulation of a Space Strategy

The nature and constitution of the BNSC as a loose assembly of partners gravely inhibits the development
of a national space strategy and the provision of coherent advice to Government on space matters. Useful
discussions are held and mutual understandings developed. At a tactical level, the UK has achieved a
valuable coherence in its approach to ESA since the issues can be recognized and agreed to by the partners
at a “lowest common denominator” level. Our ability to gain access to large scale missions consistent with
our needs is met within the ESA programme because we have a seat at the policy making discussions and,
perhaps for this reason, the principal focus for UK space interests is almost entirely directed towards the
ESA programme. However these achievements fall well short of formulating a coherent UK strategy for
space.

2.4 Lack of a UK National Space Programme

TheUK is the onlyG8 country without a Space Agency. Because of this, the national programme is weak.
Thus we are unable to benefit eVectively from our GDP-level subscription to the ESA science programme
and are handicapped in the scientific and technical arenas from our internal lack of support. The absence
of a national programme is a major obstacle to being taken seriously internationally. In particular, it forces
us to follow rather than to set the scientific and technical agenda in space, and prevents us from levering
added value through well-planned advantageous collaborations. In the science field in particular, a strong
national programme would allow UK scientists to take the lead in developing concepts which may
eventually lead to major missions.

3. Strengthening the UK Presence in Space Activities

3.1 Possible remedies

The establishment of an agencywith appropriate budgetary and other powers responsible for shaping and
implementing the UK’s space policy, including a national programme, would transform the present
unsatisfactory situation. Such a UK agency should be able to lead its own space missions from proposal
through selection and build to operations. It should also be able to negotiate bi- or multi-lateral cooperative
agreements with other national agencies in addition to representing UK interests within ESA. Finally it
should be able to take a strategic view of developing technologies with relevance for space science and
provide support in areas that would enable the UK to play a leading role in future missions.

3.2 Advantages for UK Space Science

With the establishment of a UK agency, a pattern could emerge for the conduct of the space-based
disciplines that would be analogous to that existing in other comparable European countries eg France/
CNES. For example one could envisage a sequence in which, following a national proposal submission cycle
within a given cost envelope, the UK agency would:

— competitively select a mission;

— invite other nations/agencies as appropriate to participate on a bi- or multi-lateral basis;

— invite competitive tenders by UK industry to supply the spacecraft bus and other sub-systems (in
practice negotiations with international partners would usually be involved);

— following competition, invite UK HEIs and institutes to design and build the instrumentation;

— arrange/negotiate the launch;

— operate the mission; and

— ensure and support the exploitation of the data within the UK.

3.3 Related General Advantages

In addition to the above outcomes, theUKwould be able to set national space science priorities and guide
and support relevant industrial activity. In such an environment, UK HEIs and institutes would be better
positioned to develop critical instrumentation and to retain and provide meaningful career development
paths for key staV. These advantages would enable competitive participation in ESAprogrammes and allow
participation in a larger range of bi-lateral missions in circumstances where mission lead times and the
intervals between them are significantly lengtheningwithin the ESA science programme.Moreover, a higher
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national profile in space science and exploration would enhance existing education and outreach
programmes which are already being shown to have a beneficial influence in the education and training
programmes for the nation’s science-trained workforce of the future.

4. Realisation of Aims

4.1 Role of the LFC

While the approach outlined above could be applied to the majority of UK civil space activities with
beneficial results, the formation of a broadly based National Space Agency would clearly introduce wide
ranging ramifications. Thus the primary purpose of this document is to address in particular the conduct of
the UK space-based sciences. The aims set out in the previous sections are not realisable within the
previously existing Research Council structure. However the formation of the LFRC in a manner that
includes the PPARC science base in addition to a range of large facilities could allow a new, rational and
internationally competitive structure to be designed for the conduct of the space sciences. Such a structure
could be achieved either by associating a revitalised BNSC with the new Council or by establishing a
purpose-designed unit within the LFRC to take responsibility for an enhanced UK space science
programme. The intellectual drive from UK space groups based in universities is vital to both the strategic
planning and the operation of any such new arrangements and their input should be ensured by building a
structure in which they play an active part.

4.2 Resource Implications

To establish a new basis for the conduct of UK Space Science would require a real uplift in investment.
However the growing importance of space in the everyday aVairs of the nation suggests that such an uplift
could be well justified given the historic and ongoing role of science in the establishment and continued
development of the space industries. Comparison with our major space competitors continues to show that
the UK national expenditure (non-ESA) on space lags behind the GDP-based subscription to ESA. Taking
the current ratio of UK national spend to the UK ESA subscription of 0.36 and comparing this with the
European average value of 0.53 suggests that an uplift of approximately 15% of our ESA subscription is
required to achieve rough parity. This in turn suggests the requirement for an additional investment of
around £10 million–£15 million per annum in the national programme. Such an investment, assuming an
appropriate level of bi-lateral involvement, could for example enable a UK-led space mission about every
three years. This would in addition have considerable public outreach benefits.

4.3 Study of the space programmes for a selection of comparable European countries by the Committee
would show the pressing need for a fundamental reappraisal of UK support of national space science.

5. Concluding Remarks

5.1 Space, its utilisation and the applications that flow from it, is coming to have an increasingly pervasive
influence on a rapidly growing set of activities on Earth ranging from the provision of sophisticated
communications to the understanding of climate change. This is reflected in the volume of space-related
industry in the UKwhich is currently close to £5 billion/year and growing rapidly. This industry has it roots
in the space science activities that began in the 1960s and continue to play a broad underpinning role.
Innovation and knowledge transfer, education, training and public outreach are all key ingredients
demonstrably provided by the UK space science programme.

5.2 In the roughly five decades that have elapsed since its early beginnings, UK space science has thrived
because of its innovative approach to the development of front line techniques. This has been coupled with
an ability to play a leadership role in a well chosen series of both ESA and bi-lateral projects. Our capacity
to function eVectively in both of these spheres is increasingly under threat.

5.3 A simplistic view often taken from outside a programme is to suggest that a high level of success in
international competition indicates little need for increased resource while at the other extreme, a lack of
success points to an argument for reduction in scope. For the moment the level of UK success in space
science remains high. However the decline in resource in the past decade for the national programmemeans
that we are living on past investment in a situation that is exacerbated by the lack of a coherent national
space strategy. The opportunity to address both of these issues has been provided by the decision to form
the Large Facilities Research Council. This opportunity must be grasped urgently if we are not to loose our
high international standing in the world space arena.

October 2006
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Memorandum 26

Submission from Dr Alyson Calder37

THE UNITED KINGDOMMUST NOT MISS THE OPPORTUNITY TO BE LEADERS IN THE
FIELD OF SPACE MEDICINE

1. Executive Summary

2. The United Kingdom is currently one of few countries with growing expertise in the field of Space
Medicine. Interest in this branch of modern medicine has never been so great. I believe that the United
Kingdom is well placed to be a leader in this field. However, if government does not recognise that the UK
is at a pivotal point for the future of this branch of research, we are at risk of losing current expertise and
its many benefits for good. It would be a great pity if this were to happen, simply due to short-sightedness.

3. My Background

4. During the past decade, I have gained expertise in the field of Space Medicine research. I have done
so through placements at international Space institutes, including the Yuri Gagarin Cosmonaut Training
Centre (Russia), NASA Johnson Space Center (Texas), NASAKennedy Space Center (Florida), Vanderbilt
Center for Space Physiology and Medicine (Tennessee) and the Microgravity Laboratory, (Porto Alegre,
Brazil). I have attended and presented research at numerous space medicine conferences, high schools,
hospitals and university departments around the globe. These activities have had to be self-funded. I have
worked with and met hundreds of doctors and health professionals from around the world who also
recognise the benefit of space medicine. It is a source of disappointment to them and myself that the United
Kingdom does not at present seem to share this insight.

5. Annual UK Space Medicine Conference

6. I established the 1st UK Space Medicine Conference in 2004 to explore the level of interest existed in
this field within the UK. A lecture theatre was filled and a clear interest amongst both health professionals
and students was highlighted. On the basis of this, the UK Space Biomedicine Group was formed as a focus
for national SpaceMedicine education and research. Our eVorts were commended by Sir Professor Graeme
Catto, President of the General Medical Council who recognised that medicine in the UKmust continue to
push boundaries, and that doctors should maintain the ability to think laterally.

7. This meeting has gained interest each year, and the 3rd UK Space Medicine Conference was held on
30 September–1 October 2006 at the National Space Centre, Leicester. Over 100 delegates attended this
year’s meeting to see two days of lectures from 26 presenters, including representatives from NASA, the
National Space Biomedicine Research Institute and the European Space Agency. Feedback was positive
from all who attended, and an air of excitement and education was clear. I do not know of any branch of
medicine which would inspire medical students enough to spend their own money and time on an intensive
weekend medical conference in Leicester! It is diYcult, however, when this level of enthusiasm is raised and
students enquire about educational and research opportunities to advise them that they must fund these
projects themselves if they are to pursue their passion.

8. Educational Activites

9. Space medicine has clear educational benefits from primary school through to postgraduate levels. It
provides a fresh way to study and learn about human physiology and pathophysiology. It excites and
inspires students and encompasses many branches of science including physiology, physics, biology and
psychology. It is closely related to history and international relations, amongst many other subjects. It is
ideal holistic teaching material. I have lectured on the subject of space medicine from the Highlands of
Scotland to China and have always received a warm response from students fascinated to learn more.
Questions from students always run over time.

10. Research Activities

11. For every medical problem encountered in microgravity, an analogous condition occurs on Earth.
This is one way in which space and hospital medicine are interconnected. Examples include:

— Post-flight orthostatic intolerance and othostatic intolerance experienced after bed rest and in
conditions such as multiple sclerosis, diabetes and autonomic dysfunction.

37 Chair of International Activities, Space Medicine Association, constituent organization of the Aerospace Medical
Association, Founder and Organiser of Annual UK Space Medicine Conference, and Co-Founder UK Space Biomedicine
Group.
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— Space motion sickness and inner ear disturbances such as Menieres disease.

— Muscle atrophy experienced by astronauts and disuse muscle wasting following bed rest and
sarcopenia of old age.

— Loss of bone mineral density in astronauts and disuse osteoporosis in hospital patients on bed rest
or with immobolised limbs in plaster casts.

12. Orthostatic Intolerance

13. My particular area of interest is the condition of post-flight orthostatic intolerance. This is the
diYculty astronauts have maintaining their blood pressure on standing up on return from microgravity. It
a common and disabling condition for both astronauts and hospital patients. I worked with Dr David
Robertson from the Center for Space Physiology and Medicine at Vanderbilt University during a medical
elective. Dr Robertson is the founder of the American Autonomic Society and is a world expert in
orthostatic intolerance. He recognizes the merits of the unique model of microgravity to research the
complex mechanisms behind this condition. He conducted and designed an experiment to perform
microneurography inmicrogravity in order to study the sympathetic nervous system in space. Such research
broadens our understanding of such pathophysiology back on Earth.

14. I helped to set up research at the NASA Kennedy Space Center to study the use of ergotamine as a
countermeasure to post-flight orthostatic intolerance. Apart from having the potential to treat post-flight
OI in astronauts this drug may have implications for treating resistant orthostatic intolerance in hospital
patients.

15. One of the main mechanisms of post-flight OI is loss of plasma volume in astronauts. I am working
with Dr Yannis Pitsiladis and Mr Chris Easton at the University of Glasgow to study the eVect of a new
hyperhydration strategy on plasma volume and postural change. We hypothesise that hyperhydration with
creatine and glycerol may help both astronauts and hospital patients with orthostatic intolerance by
expanding plasma volume.

16. United Kingdom—Brazil Research Cooperation

17. I was delighted to be invited to work at theMicrogravity Laboratory in Brazil earlier this year where
I conducted unique research into cardiopulmonary resuscitation in hypogravity (ie simulated Martian and
Lunar gravitational environments). Not only did this answer the interesting question of whether chest
compression would be eVective in such environments, but it allows us to reflect on hospital practice. A life
support provider with low body mass performing chest compressions on a patient with low chest wall
compliancemay not be achieving adequate compression depth. The equipmentwe designed tomonitor chest
compression depth would be an ideal training tool for hospital life support providers.

18. Conclusion

19. Space medicine helps us to study the human body in microgravity. Of greater interest to me as a
hospital doctor is its ability to help us understand conditions on Earth, inspire students and doctors and to
keep our medical minds fresh to new discovery. This, to me, is the very essence of what medicine and
education is all about.

October 2006

Memorandum 27

Submission from Dr Jagtar Singh Nijjar

Myname isDr Jagtar SinghNijjar and I am a FoundationYear OneDoctor based at Hairmyres Hospital
in East Kilbride, Glasgow. I have had an active interest in Space medicine and human spaceflight from an
early age and during my medical career have had the chance to carry out the Aerospace medicine clerkship
in NASA, attend three space medicine conferences and become involved in space medicine research in
Glasgow University.

My background includes the Brunton and Robert Fullarton prizes for the most distinguished student to
graduate from the University of Glasgow in the academic year 2005–06 as well as graduating joint top of
my intercalated BSc yeargroup. I have publications in the field of rheumatology and have an interest in
general medical research with a focus on the areas of rheumatology and also space medicine, specifically the
eVect of space flight on the human body with respect to orthostatic intolerance.

Following my experience at the Kennedy Space Center, I became more interested in carrying out basic
and clinical space medicine research. However the current UK space policy does not support a human
programme and by doing so is putting not just researchers such as myself at a disadvantage but the whole
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of the UK. Countries move forward by discovery, research and innovation. The current policy is stifling the
ability of theUK to compete in this scientific fieldwith other countries and also to inspire the next generation
of youngsters who will become this country’s future scientists, doctors and astronauts.

By supporting human space flight you as a government would be encouraging novel thought, developing
technology and also allowing knowledge transfer between the fields of basic and applied sciences including
both engineering and biology. I would urge you to reconsider theUKpolicy for not supporting human space
flight because we are at a crucial point where both clinicians and scientists are showing strong interest and
could through support from government elevate the UK’s status in terms of space medicine research. In
other research fields the UK is a strong competitor compared to the US, for example, and with the support
of yourselves I believe you will be able to inspire people such as myself to take this field forward and to
become world renowned in this area.

October 2006

Memorandum 28

Submission from Emma-Jane Smith, Medical Student, Royal Free and University College Medical School,
University of London

Why the British Government Should Support Human Spaceflight and Space Medicine

About me

I am a fifth year medical student at University College London. I hold a BSc (Hons) in Physiology, a
degree which incorporated the unique Space and Extreme Environment Medicine course run by one of the
UK’s leading space medicine experts, Dr Kevin Fong.

Summary

TheUK currently discourages its medical students from pursuing an interest in the field of spacemedicine
by the lack of opportunities in this area. As it is a growing field and globally supported, it deserves
government funding to better its standing within the European Space Agency and European Community,
to benefit the UK’s scientific community, and to prevent the loss of talented medical graduates to other
countries.

Statement

1. As a student captured by a fascination with space medicine and hoping to pursue this interest after I
graduate, I am continually learning just how diYcult it is to break into this field. With the UK supporting
few space initiatives and funding for space medicine being next to nothing, there is a paucity of openings
for students such as myself, who are forced to look abroad opportunities. Not only is this a loss to the UK
in terms of able and dedicated medical graduates—a growing problem in several areas of medicine already,
and a considerable financial as well as intellectual drain—but the situation can only add to the UK’s poor
standing as an ever-diminishing member state of the European Space Agency.

2. Space medicine is a field with an ever-increasing skills base and interest from members of the scientific
and health communities; this was demonstrated by the burgeoning numbers and scale of the recent UK
Space Medicine Conference and its organiser, the UK Space Biomedicine Group, which at conference
oYcially became anAssociation. The event was supported byUS spacemedicine organisations and strongly
supported by professionals from around the globe. Surely the UK should be proud to host the only
dedicated space medicine conference in the world—and should be supporting it wholeheartedly—rather
than continuing to force out talented individuals through a lack of opportunities in this country?

3. Space medicine has much to oVer the UK, but it is a new and growing specialty and as such requires,
and deserves, proper financial backing and support from the government. The scientific community can only
benefit as a result of any such investment from the UK, as can the country’s international competitiveness
in this growing sector, which at present stands at next to nothing.

4. It is high time that theUKgovernment investedmore than a token sum in the European SpaceAgency.
A “National Space Centre” containing little to entertain those over the age of 10 is a national disgrace
compared to the investment and faith other countries have placed in the exploration of the universe
around us.

Recommendations

— Increase funding to the European Space Agency and to space medicine initiatives in the UK.
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— Actively support the UK Space Biomedicine Association.

— Create opportunities for UK medical students to undertake an elective in the domain of space
medicine in this country, and work towards such opportunities at the European Space Agency.

October 2006

Memorandum 29

Submission from Dr Robert Marchbanks, Managing Director, Marchbanks Measurement Systems Ltd

The Benefits of Supporting Space Life Sciences

1. I am the MD of a UK company that is being funded by NASA Johnson Center to develop medical
equipment for human space exploration. The equipment is one of the UK’s Millennium Products, and is
used to measure brain pressure without the need for surgery. NASA’s modest investment has resulted in
technology with immediate and significant application in Earth-based healthcare, military and commercial
medical usage.

2. Without doubt, non-invasive measurement of brain pressure is central to human space flight and
Earth-based medicine. I believe its usage in neurology will be as commonplace as ECG measurements are
in cardiology today. With this knowledge, I made a number of approaches to the European Space Agency
(ESA), however, the answer was always the same—the UK does not support human space exploration
projects. I was encouraged to initiate a project with other ESAmembers; however, because I am UK-based
I would not receive funding, although the other partners would.

3. The benefits of investing in medical technology for human space flight are:

(a) Almost immediate applicability to Earth-based medicine and, therefore, value for money in terms
of commercial spin-out and wealth generation.

(b) An almost identical level of Space and Earth design and quality control, with resulting
documentation that meets European CE Mark and FDA registration requirements—important
to European companies in providing accelerated entry to the US healthcare market.

(c) International collaboration with resulting knowledge transfer and skill generation in key areas of
technology, medicine and quality control.

(d) Innovative and robust solutions to everyday problems.

4. Through the support of NASA, we now have reconfigurable telemedicine equipment that is expected
to deliver public and commercial benefits in areas such as:

(a) Hospital-based medicine including paediatric and adult intensive care.

(b) Telemedicine for remote healthcare applications, such as possibly in the Scottish Islands.

(c) Commercial applications of telemedicine, such as with oil exploration.

(d) Support of the armed forces in terms of front-line telemedicine and home-based neurological/
audiological diagnostics.

(e) US Home-State Security applications, such as for natural, accidental or contingency terrorist
related disasters.

(f) In conclusion, for a modest investment, NASA is a stakeholder in cutting-edge health technology
and has created a “win-win” opportunity for Space and Earth-based medicine. A close synergy
exists between these two applications in terms of design control and documentation. This synergy
facilitates skill transfer and rapid entry routes to US and majorWorldwide health device markets.

October 2006

Memorandum 30

Submission from Astrium Limited

I have pleasure in enclosing Astrium’s written submission to your inquiry on Space Policy. Your inquiry
occurs at a critical time for the future of UK Space. The combination of the Comprehensive Spending
Review and the UK Space Strategy Review means that both space funding and policy are in the firing line.

Recognising the importance of this period, this year Astrium initiated the “Case for Space” series of
studies, an unprecedented one year project, undertaken by UK Space at the recommendation of
Government, which aimed to scope and quantify the many social, economic and political benefits the UK
enjoys from its world leadership in space, and to recommend a path of action to secure the political and
economic opportunities for Britain. Our submission reflects the findings and recommendations of this study.
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Government remains critical to the success of this national jewel, both as a risk sharer and as a customer.
However, the Case for Space points to urgent shortcomings, both in terms of the recent dramatic cuts in
space technology investment and in the continued problems in promoting and coordinating space-based
opportunities across Whitehall.

It is within this context of opportunity and threat, set against the closing window of the Comprehensive
Spending Review, that I welcome the opportunity presented by the Inquiry to highlight importance of space
and ofUK space policy. I would be delighted for the opportunity to give oral evidence before the Committee
to elaborate on these issues.

October 2006

Astrium submission

1. Executive Summary

1. The UK Space industry is a leader in one of the most strategic hi-tech sectors in the world, providing
exceptional skills, R&D investment, growth and added value for the UK’s knowledge economy. UK Space
also provides innovative solutions for policy makers across Government. The UK’s international
competitiveness in Space, and its opportunities to create wealth for Britain, rest on sustaining the
partnership of investment between Government and Industry in its world-class technology base and in
ensuring a lead role by UK in user-driven space programmes. However, if the UK is to maximise the
opportunities for wealth creation and for policy delivery, the Government must reverse recent cuts in public
investment in space technology and must review its coordination of space policy across Whitehall, starting
with a review of its decision only to oVer a minimal contribution to the environmental monitoring
programme GMES.

2. Introduction

2.1 Focus of Astrium’s submission

2. Astrium contributed significantly to the written submission by the industry trade association
UKspace. To avoid duplication, we have focused our response to the Inquiry’s areas of interest on the
economic case for investing in UKspace, and the impact of funding cuts, and on the issues concerning the
coordination of space policy. However we would like to stress that we whole-heartedly endorse the other
areas of UKspace’s submission we have not covered, namely the importance of the UK’s membership of
ESA, and the importance of the contribution of space to the UK’s research and skills base.

2.2 About Astrium

3. Astrium is Britain and Europe’s leading space company and one of the few organisations worldwide to
oVer an end-to-end space-based capability. It provides a full range of space products from civil and military
telecommunications to Earth observation, science, exploration and navigation programmes. Astrium is
capable of competing across the world space market, a market forecast to grow to at least $1 trillion a year
by 2020. Its bank of world-leading technologies and its critical mass underpin the future competitiveness
and viability of the sector.

4. In Britain, Astrium directly employs more than 2,500 people in its key sites in Portsmouth, Poynton
and Stevenage, representing more than half of the total direct manufacturing workforce in UK Space, and
the largest national workforce in Astrium’s worldwide satellite operations. The UK is home to Astrium’s
centres of excellence for all military communications satellites, all antenna systems and for the design and
manufacture of the advanced communications payloads.

2.3 Why Space?

5. Astrium believes the space inquiry will shed a welcome light on a sector which has for too long been
neglected and misunderstood both in Government and Parliament. Space applications, in particular
satellites, are driving change across the world: they synchronise City transactions, they improve crop yields,
theymonitor climate change and help protect our environment and support international relief eVorts. They
keep us in touch through the TV, mobile phone, weather forecasting and satellite navigation. Tomorrow,
we will live in an increasingly space enabled world, where our quality of life, our national competitiveness
and our public services will all depend on the satellite infrastructure above us, and on the continued success
of our own world-class space industry.
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3. Maximising Commercial Benefits

3.1 Summary of economic benefits

6. The economic case for investing in the UK Space industry is compelling. Investment in world-beating
satellite technology has created one of the UK’s most innovative and competitive sectors, worth £7 billion
a year and supporting 70,000 jobs. This year, Astrium commissioned an economic study by Oxford
Economics (OEF) as part of its support for the “Case for Space”, which demonstrates that UKspace scores
well against the Treasury’s key economic benchmarks, by:

— Investing £300 million a year in R&D, 12% of manufacturing turnover, in the top league for R&D
intensity.

— Employing over 60% graduates, double the national average—the highest skilled workforce inUK
manufacturing.

— Adding value of £135,000 per worker, four times the average.

— Growing at 12.5% a year, four times UK economic growth.

— Winning 7.3% of a global market that is itself growing faster than China, forecast to be worth over
$1 trillion by 2020.

3.2 Causes of economic benefits

7. UKspace owes its economic success to a unique combination of factors: a public strategy of investing
in areas of high value; the sector’s high technology investment; its linkages with theUK’s world-class service
sector; its world leadership in key areas; its access to City funding; and its prime contractorship capability.
Critically, Astrium’s size, multinational operations, inward investment, technology portfolio, and range of
products enables the UK to compete on the world stage, to access funding and to develop relationships with
other sectors. Astrium directly funds more than half of the sector’s R&D; it provides a reservoir of skills
delivering knowledge transfer to SMEs and the UK’s academic community; and it stands alone in its ability
to lead and win major international orders. For instance, Astrium is one of only two companies in the world
with the proven capability to build the Inmarsat 4 satellite series.

3.3 The upstream-downstream link

8. Some of the fastest growing sectors in the global economy are closely linked to satellite applications.
The UK’s technology lead in these major satellite sectors provides huge opportunities for growth in the
wider UK economy:

3.3.1 Satellite Navigation

9. Positional services, driven by satellite navigation (satnav) and precision timing will grow dramatically
in the next five to 10 years, as increased accuracy and reliability is provided by the Galileo programme. As
a result, satnav will create new markets in every area of our lives, enabling us to track virtually everything
that moves, from parcels, to mobiles, even to pets. A report by PWC suggests up to 20,000 jobs in the UK
could be created from Britain’s lead role in Galileo. Astrium is Europe’s preferred supplier for satellite
navigation payloads, supplying the payloads for all thirty Galileo satellites.

3.3.2 Earth Observation

10. Britain leads the world in the application of Earth observation data. The value of satellite data to
better weather forecasting is estimated to benefit theUKby up to £1 billion per annum. The ability to predict
natural hazards as a result of satellite observations could save up to $1.5 billion globally. In all these areas,
UKspace, and Astrium in particular, has leading expertise. Astrium’s portfolio of Earth observation
technologies include radar, passive microwave sounders and cryogenic coolers, and through its subsidiary
Infoterra, it provides Earth observation services including mapping products to businesses and
humanitarian agencies worldwide.

3.3.3 Satellite Telecommunications

11. Commercial satellites represent a significant part of the high-growth telecommunications market,
attracting increasing public investment worldwide. Britain can significantly grow its share of the expanding
global satcom market, with potential UK turnover exceeding £10 billion by 2010. The UK, with France,
dominates Europe’s satcom sector, and accounts for 80% of UK space manufacturing jobs. Britain is home
to Astrium’s leading centres of competence for satcom payloads, including antennas, processors, RF
electronics and mechanical platform. In particular, Astrium’s breakthrough in payload technology has
opened up new markets to the UK. Astrium’s latest media satellite, Hot Bird 8, launched this year, carries
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as many TV channels as 24 satellites built 10 years ago. And Astrium’s Inmarsat 4 satellite series, with their
on-board digital processors, are the most advanced telecoms satellites in operation today, each carrying the
communication capacity of 16 satellites produced ten years ago.

3.3.4 Military Satellite Telecommunications

12. Through winning two separate competitions (Skynet 4 and Skynet 5); Astrium in the UK has been
the incumbent supplier ofmilitary hardenedUHFandSHF satellites and increasingly the associated ground
segment to the MoD for twenty five years. At the end of the present concession period, that time will have
stretched to nearly forty years. There have also been associated export successes with NATO IV satellites,
terminal sales to nearly twenty countries and now the successful and developing third party market. This
achievement has benefited the UK defence forces, benefited the UK economy and been built upon judicious
defence expenditure being aligned to both Government civil and Astrium investments.

3.4 Technology Investment

13. Britain’s portfolio of world-leading technologies ultimately holds the key for wealth creation from
UKspace. This technology leadership helps to underpin the entire space value chain, feeding cutting-edge
space technology into the wider economy. UK Earth observation technology is a world leader in
environmentalmonitoring.High-growthUKdownstreamoperators such asAvanti and Inmarsat have built
their business strategies around their relationship with the UK upstream technologies, giving them early
access to technologies which have assured them a global market lead. This market edge has helped generate
downstream revenue growth in the UK of 44% in the last three years alone, with strong future growth
predicted.

14. The future of wealth creation in UK Space depends on the future of this relationship between the
technology providers and the users, often referred to as the upstream-downstream link.

15. Public investment in technology remains critical in a fast developing industry with market failure
characteristics. Continued Government investment at seedcorn stage, jointly with industry, will reduce risk
and enable capital markets to invest larger sums andmaximisewealth creation andmaintainBritain’s world-
class science base.

3.5 ARTES

16. The Advanced Research in Telecommunications programme (ARTES) managed by the European
Space Agency (ESA) is the only meaningful technology investment available to the UK Space sector.
ARTES investment has underpinned the basic technologies which drive the entire industry. Government
investment is matched 100% by industry funding. Government figures point to a return on ARTES
investment of 7:1, and in some cases far higher. Investment in technologies developed for the Inmarsat 4
and Skynet 5 contracts demonstrated a 40:1 return.

17. Inmarsatwas floated on the LSE in 2005 with a capitalization of $2.49 billion and is the world’s most
profitable mobile operator. ARTES investments of £15 million underpin the innovative technology in its
Inmarsat 4 satellite series, one of the most complex satellites ever built. This oVers Inmarsat significant
flexibility with revenue earning potential estimated at £350 million per annum.

18. Paradigm, a subsidiary of Astrium, through the Skynet 5 PPP, provides global secure
communications to theUKmilitary and is now pioneering third party sales. ARTES investments in antenna
technology enabled UK-based Paradigm to win the £2.5 billion contract with the Ministry of Defence,
against strong US competition. ARTES funding ensured the full value was retained in the UK and that a
key UK technology was retained.

19. There is no doubt that the UK’s user-driven space policy, investing in programmes with clear user
and policy benefits, provides an essential framework for maximising wealth creation. However the strategy
should be better implemented, by ensuring a lead role for UK policy and industry and GDP contribution
in European programmes of high value, including the environmental monitoring programme GMES and
the space exploration programme Aurora.

3.6 Recommendations

20. Tomaximise wealth creation through a strong technology base, Astrium therefore recommends that:

— Industry and Government steps-up the funding of the advanced telecoms R&D programme
(ARTES) to £30 million a year each.

— The UK creates a national satellite research and technology fund, with a minimum budget of
£20 million a year.

— The UK maintains a leading and influencing role and provides full GDP contribution in user-
driven space programmes, specifically GMES and Aurora.
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4. The Impact of Current Investment on the Competitiveness of UK Space

4.1 Overall funding levels

21. By international standards, UK investment in civil space is relatively small, falling behind 15 other
countries in GDP terms, including Finland and Belgium. The UK’s civil space spend of £200 million
compares with ƒ1.9 billion for France and ƒ850 million for Germany. In fact UK spending on space
amounts to around a penny per person per day.

4.2 Policy constraints in promoting UK space competitiveness

22. UK Space Strategy recognises UK Space’s economic credentials and the role of Government to
maximise its potential for wealth creation. However, the prospects for maximising wealth creation are
limited by two factors. Firstly, recent reductions in public investment in satellite technology risk
undermining the sector’s competitiveness. Secondly, lead UK departments outside the DTI do not
adequately consider the economic benefits of major space programmes in making decisions.

4.3 ARTES funding cuts

23. UK investment in satellite technology, through the ARTES programme, has always represented a
small proportion of overall UK space spend. However, in December 2005, the UK cut its investment in
ARTES still further, from £20 million a year to £8 million, which itself will run out in two years. Despite
the impressive returns, the UK’s investment in ARTES is now only 4% of UK civil space spend, and only
4.2% of total European investment in ARTES. The UK’s investment of ƒ22 million compares with
ƒ112 million from France, ƒ75 million from Spain, ƒ70 million from Italy, and ƒ56 million from Belgium.
Even Luxembourg is investing more.

4.4 Impact of cuts in ARTES investment

24. Recent cuts in ARTES investment threaten to undermine the competitiveness of the entire sector.
Astrium UK risks losing its market leadership in the intensely competitive and high growth international
satcom market if the investment partnership between Government and industry is not restored. UK
expertise in advanced payloads, processors and antenna could be lost and rebuilt abroad.

25. Astrium believes that a step up, not a step down, inARTES investment is essential to sustain theUK’s
leading technology base, reduce risk, address market failure, and sustain UK competitiveness and the huge
wealth creation prospects the sector brings to Britain.

Recommendations are made in the previous section.

5. Delivery of Public Benefits and Co-ordination

26. Innovative satellite-based solutions could transform every corner of the Whitehall map. The global
reach, reliability and accuracy of satellites can improve the evidence base behind decision making and can
help in delivering policy. Satellites can play a critical role in addressing all of the Treasury’s five “Key
Challenges for Britain” at the heart of the Spending Review, from climate change to terrorism. For example,
location-based services could revolutionise our emergency services, road user charging and criminal tagging,
not to mention the numerous consumer benefits.

5.1 Constraints in UK space policy coordination

27. The UK’s “centrifugal” space policy is based on laudable aims of engaging with user departments to
ensure that, in the first instance, funding is directed at those space programmes with the greatest policy
benefits, and secondly that these departments are then best placed to shape and benefit from them.However,
the reality of space-based programmes is that they invariably benefit a number of departments. Other
countries recognise this fact by investing in a funded central space agency with dedicated expertise in space
applications, which can then make informed decisions for the whole of Government. The UK’s British
National Space Centre is more of a secretariat, comprising around 30 highly-skilled staV compared to, say
1,500 in its French equivalent, CNES. It therefore relies heavily on the engagement of user departments.

28. However the history of decision-making under the UK’s user-driven space strategy demonstrates
clearly that user departments, when given the responsibility to lead decision-making, find it diYcult to
consider broader benefits outside their own departmental remits. Space decision-making therefore works
best in Britain when the benefits clearly fit within the remit and expertise of the lead agencies within
Government. Such examples include the Research Council PPARC’s recognition and support of the value
of space science and space exploration; NERC’s commitment to environmental research; and the Ministry
of Defence’s longstanding use of military satellites.
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5.2 Military satellites

29. In the case of military satellites, the recent Defence Industrial Strategy has highlighted the value of
world-leading niche capabilities in space and the leverage that these oVer in relationships with other nations.
The capabilities in military satellite communications have already been referenced. The UK’s national
strength in small satellites has a clear development route when combined with Astrium’s strength in
Synthetic Aperture Radar payloads. It is projected that this combination will meet a national requirement
for sovereign capability which can only benefit from coordinated cross departmental support, ensuring
focused and judicious expenditure.

5.3 Earth Observation and environmental monitoring (GMES)

30. A less favourable example is the case of Earth observation. Satellites are the best way of monitoring
gradual environmental change on a global scale. They are also vital in predicting disasters and in helping
the response. The UK has built up a world leadership in Earth observation satellites—the Chief Scientist
Sir David King recently remarked, “there is no doubt that satellites, often UK designed and built, play a
critical role in evaluating man’s impact on the environment.” Astrium designed and built the AATSR
satellite instrument which monitors the world’s rising sea-surface temperatures. Astrium is also building a
revolutionary satellite, Aeolus, which will use laser technology to record wind patterns at 25 diVerent
altitudes. Synthetic Aperture Radars, used to capture images through all weathers, have long been
recognised as a strategic asset for Astrium in the UK.

31. At the policy level, environmental monitoring is supported by strong words. Both the Prime
Minister’s Natural Hazards Working Group and the UK’s 2005 G8 Summit both committed strong UK
support to strengthening environmentalmonitoring to tackle climate change and natural disasters. Europe’s
flagship environmental monitoring programme, GMES, should therefore have topped the UK’s policy
agenda, given the happy coincidence of policy support for tackling Climate Change; recognition of the role
of environmental monitoring; and the UK’s undisputed world leadership in environmental space science
and technology. However, in December 2005, the UK opted to commit the minimal (1/4 GDP) funding
allowed into GMES—the UK’s investment of £4 million per annum compares with £20 million per annum
from France and £24 million per annum from Germany.

5.3.1 Causes of the decision

32. The UK decision over GMES was caused by three main factors: firstly, the lead Department, Defra,
did not significantly value those benefits from GMES outside its own departmental remit, specifically the
economic benefits. Secondly, Defra lacked the in-house expertise in Earth observation that would have
allowed it to make an informed decision on behalf of the UK; and thirdly, there was an inadequate structure
in place to coordinate decision-making across Government departments.

5.3.2 Economic impact of the decision

33. The industrial impact of the UK decision has already been felt through the transfer of the Prime
contract on the first satellite outside of the UK, reducing UK contract value from ƒ220 million to
ƒ22 million. In the longer term, the contracts which may be lost could be as much as ƒ730 million. This
would have provided the UK an economic return of at least 10:1, and perhaps as high as 35:1. However,
such economic considerations fell outside the lead department’s remit.

5.4 Recommendations

34. To maximise public benefits from space, and to improve policy coordination across Government,
Astrium recommends:

— Government urgently reassess theUK’s approach toGMES.Astrium remains seriously concerned
that, when the second phase of GMES requires funding, the UK could remain under-prepared for
assessing the true value of GMES and coordinating a cross-Government decision.

— Government should reassess the role and responsibilities of the UK lead department on GMES.

— A high-level review of the coordination of space policy across Government departments to help
ensure that the right machinery is in place to allow policy makers to make informed decisions and
fully benefit from space-based opportunities.

October 2006



3553511031 Page Type [O] 12-07-07 01:53:05 Pag Table: COENEW PPSysB Unit: PAG1

Science and Technology Committee: Evidence Ev 189

Memorandum 31

Submission from the Foreign and Commonwealth OYce

1. The Foreign and Commonwealth OYce’s interest in UK space policy is focused on ensuring that the
UK’s international obligations on space are maintained, promoting UK excellence in space science and
technology, and ensuring EU space programmes meet UK objectives.

2. The FCO is a consulting partner in the British National Space Centre (BNSC). In that capacity its
essential role is to facilitate and support BNSC on the international aspects of space policy and to ensure
consistency between space policy and UK foreign policy. This includes working with BNSC on the
discussion of space issues in international fora, including the European Union, the European Space Agency
(in particular its International Relations Committee) and the United Nations, for example the UN
Committee on the Peaceful Uses of Outer Space (UNCOPUOS), where the FCO has specific responsibility
for the Legal Sub-Committee.

3. The FCO does not provide any funding for space research or space-related activities except in the area
of encouraging international collaboration on space science. For example, Phase I of the UK-China
Partners in Science initiative in 2005–06 included an astronomy workshop organised by the Particle Physics
and Astronomy Research Council (PPARC) in September 2005 and a satellite technology workshop
organised by the Council for the Central Laboratory of the Research Councils (CCLRC) in March 2006,
both partly funded by theFCO. Phase II of the initiative during 2006–08 provides an opportunity for follow-
up activities, including on space.

4. FCO missions in key partner countries for the UK on space issues, including the USA, Japan, China,
Russia and India, maintain contact with their respective space agencies in order to be able to report to BNSC
on space policy issues. FCO missions also help BNSC headquarters in dealing with proposals for bilateral
space agreements with other governments and support British space industry’s eVorts in overseas markets.
The FCO’s Science and Innovation Network, consisting of over 100 people in 49 missions in 30 countries
and territories, promotes UK expertise in space science and technology as an example of overall UK science
strengths.

5. The FCO works with other departments to secure UK objectives in European Union discussions and
provides guidance on working in the EU, including advice on the security aspects of programmes and
ensuring value for money. The FCO works closely with the Department for Transport on Galileo and the
Department for the Environment Food and Rural AVairs on Global Monitoring for the Environment and
Security (GMES). In the context of the EU Common Foreign and Security Policy (CFSP), the FCO shares
the policy lead withMOD on the EU Satellite Centre, a body responsible for analysing commercial satellite
imagery for use in Common Foreign and Security Policy decision-making.

October 2006

Memorandum 32

Submission from the Council for the Central Laboratory of the Research Councils (CCLRC)

Executive Summary

— Space science and technology aVects virtually the whole UK population, either directly or
indirectly;

— The UK already has a space programme that is diverse, world-leading, and of immense benefit to
the UK economy and to the quality of life;

— The balance between the UK National Space Programme and the UK contribution to the ESA
programme needs to be addressed;

— A Joint Space Technology Programme is being prepared for submission to the Comprehensive
Spending Review 2007. This addresses the imbalance between the UK space programme and the
ESA space programme. If successful, it would also enable UK industry to position itself more
favourably for participation in future ESAmissions, and as a result would deliver an even greater
benefit to the UK economy;

— BNSC must be better positioned within government. The establishment of the Large Facilities
Research Council presents an ideal opportunity to reconsider its current role, as well as providing
an option for locating a UK National Space Centre on the proposed Harwell Science Innovation
Campus;

— The Select Committee may wish to consider visiting some of the UK centres of space activity
(eg EADS-Astrium, RAL, and SSTL), and also an ESA site such as ESTEC in Holland, in order
to benchmark UK activities;
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— With a government investment of £200 million and a £4–7 billion annual industry, government
should recognise that space research and development plays a significant role in the UK economy
and in government strategy in general, and the timeliness and potential to increase both even
further should now be exploited. In addition to the economy, Space R&D also plays a vital role
in, for example: security; in understanding climate change; and in providing training for young
students in science and engineering.

1. Whether it be through the reception of live television programmes; the transmission of international
telephone calls; the use of GPS for transport, leisure or military purposes; the monitoring of natural and
man-made disasters; national security; climate change; weather forecasting; remote medical diagnostics;
remote village education; or even the detection of near-Earth objects, space research and development
directly aVects the lives of the vast majority of the UK population, and indeed a large percentage of the
global population.

2. Space R&D is big business in theUK. Although government currently invests around £200 million per
annum in the UK space programme, the industry annual turnover is of order £4–7 billion per annum. UK
scientists and technologists clearly punch well above their weight in terms of scientific leadership within the
European Space Agency. The UK is the leading proponent of space value-added products and services, and
our space industry is one of the most innovative industries in Europe.

3. The UK has a number of space “jewels in the crown” which are recognised at an international level,
including EADS-Astrium, Surrey Satellite Technology Ltd, Avante, Rutherford Appleton Laboratory
(RAL), and the planetary research group at the OpenUniversity. There are many other leading “high-tech”
companies in the UK, as well as high-quality university research groups and world-leading institutes such
as the Met OYce Hadley Centre.

4. There are many examples of successful spin-out companies emanating from the UK space programme
which benefit the UK economy or add to the quality of life. An excellent example of this is Thruvision Ltd,
(a high-technology spin-out from the RutherfordAppleton Laboratory’s space programme). The Company
is currently developing terahertz technology for the security market, enabling detection of weapons and
explosives. This technology was originally funded as part of a small (£100k) grant from PPARC andNERC
for the remote studies of planetary atmospheres. Thruvision is now a multi-million pound 35-person SME.

5. However, despite the above benefits, the UK Government has not in the past regarded space science
and technology as particularly strategically important, in contrast to most other developed nations. This
represents a very significant loss to the UK economy and the strategic use of space-based information for
the government. Without access to space systems, government departments which use space data (in many
cases being unaware of the source), would be seriously handicapped without such data. This applies to
MoD, DEFRA, DTI and DETR in particular.

6. The UK currently does not have a Space Agency. Instead, space policy in the UK is coordinated by
the British National Space Centre (BNSC), a quaintly British organisation that is a voluntary consortium
of Research Councils and other government organisations, and has an insignificant budget of its own. In
most other cases (ie within Europe and most developed countries), national space activities are coordinated
by funded national space agencies. BNSC works well within ESA and its Council, and has done a
remarkable job in guiding ESA to reduce its own costs and become more eYcient and eVective. However,
by its very constitutionBNSC is not able to lobby government in terms of the strategic benefit to government
and society, and has little in-house scientific or technical expertise. Agency status may not necessarily be the
right solution for the UK, but both of these are weaknesses which need addressing in order for the UK to
maximise its exploitation of space technology, reap the return from its investments, and continue to
contribute to the UK economy.

7. Despite the disadvantage of not being an agency, the recent appointment of Dr David Williams as
Director General, BNSC, enables BNSC to continue to demonstrate a highly professional and experienced
leadership. BNSC has also reorganised its management structure by establishing a Space Board (chaired by
Prof Keith Mason, CEO of PPARC) and a Space Council (chaired by Prof Richard Holdaway of RAL).
PPARC successfully directs the space science programme and NERC successfully directs the Earth
Observation programme.

8. The reorganisation of BNSC is clearly a very positive step forward. However, BNSC could be better
positionedwithin government.With the creation of the “Large Facilities ResearchCouncil” (LFRC) amore
suitable “parent body” will shortly be available. With the LFRC strategically linked to the development of
the Harwell Science and Innovation Campus there is now the opportunity to establish an appropriate
National Space Centre for Science and Technology on the Campus, alongwith a number of high-technology
industrial space and university groups. The Centre would provide the catalyst for a co-ordinated space
innovation and knowledge transfer programme, as well as a focus for training in space technology, on behalf
of industry. An independent Space Council, with representatives from industry and academia, could also
be constituted to advise both BNSC and government at ministerial level on the performance and strategy
for a UK space programme.
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9. The UK is also alone amongst major ESAmember states in not having an ESA centre on its soil. This
is a strategic disadvantage for the UK, but could be addressed by including an ESA base on the Harwell
Campus if government so wished, to work alongside other UK and European space companies currently
considering relocating their R&D centres to the Harwell Campus.

10. A final factor critical to the future success of UK Space is to achieve the appropriate balance between
the UK’s involvement in ESA’s programme, and the national programme. The latter is very small, whereas
the majority of other ESA national space agencies have a national programme that is funded to at least 20%
of their contribution to the ESA programme. A solution that is being proposed by the BNSC partnership
and supported by UK industry is a cross-research council cross-government department CSR2007 bid for
a co-ordinated Joint Space Technology development Programme. This is being submitted through the OSI
by CCLRC, and is seen as critical to the ongoing and increasing benefit to the UK economy and of the
government investment in space.

October 2006

Memorandum 33

Submission from the Engineering and Physical Sciences Research Council (EPSRC)

EPSRC’s remit does not cover space research as such—but there is work in all of its programme areas of
generic relevance to space research. For example, fundamental materials research can provide the basis for
developments in advancedmaterials thatmay be used in space vehicles; fundamental research onmicrowave
techniques and microwave radio brings forward technological developments that enable communication
and control of space exploration vehicles; generic ICT research finds application in almost all domains of
endeavour in science and in the economy, including space exploration and research, etc. From this it will be
clear that EPSRC’s primary—and unquestionably most important—contribution to space research is
through the fundamental, generic, technology developments throughout our programme areas. It is a
strongly held view in EPSRC that encouraging strong and eVective interactions between researchers and
users of research brings benefits to both sides/parties. In this context space research represents a “user
domain” for many EPSRC-funded research outcomes.

October 2006

Memorandum 34

Submission from the Medical Research Council (MRC)

Introduction

This memorandum is submitted by the Medical Research Council and represents our independent views.
It does not include, or necessarily reflect the views of, the OYce of Science and Innovation (OSI). MRC
welcomes the opportunity to respond to this consultation fromHouse of Commons Science and Technology
Committee.38

The MRC does not have a programme of space research. In August 2002, the MRC, jointly with the
British National Space Centre (BNSC), held a workshop with the main aim of informing the MRC’s
research strategy in relation to biomedicine and space (while recognising that research funded byMRCmust
ultimately address the health needs of the UK population and UK wealth creation).

At that time, theUKhad been amember of theEuropean SpaceAgency’s (ESA) “EuropeanMicrogravity
Research Programme” for a number of years, albeit at a fairly low level, and was represented by the BNSC.
The UK had participated in the then ESA microgravity programme, EMIR-2X since September 2000, but
this was due to finish in 2003, to be superseded by a new ESA programme called ELIPS (European Life and
Physical Sciences utilising the International Space Station).

The MRC/BNSC workshop therefore had the additional aims to:

— Identify if there were unique opportunities aVorded by research in space that might prove
beneficial to terrestrial health.

— Inform MRC’s and the other Research Council’s position on the value of “microgravity” as a
platform/tool for research, and on potential UK participation in the ESA Life and Physical
Sciences Programme (ELIPS).

— Help assess the competitiveness of the UK in space biomedicine.

38 www.parliament.uk/parliamentary–committees/science–and–technology–committee/scitech190706a.cfm
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— Identify how research activities linked to space programmes might bemost eVectively linked to the
non-space scientific community.

— Identify the opportunities and benefits of engaging more closely with ESA and NASA over the
medium/longer term.

— Help prepare for forthcoming MRC bilateral meetings with both NASA and ESA.

The workshop brought together 30 leading scientists from the UK and overseas to discuss the
opportunities presented by space-based research programmes in the area of biomedicine, and the benefits
that such programmes might provide for terrestrial health needs. The meeting was structured to allow
discussion of the role of space research in four areas of physiology—bone, muscle, cardiovascular and
neurophysiology.

Outcome of the MRC/BNSC Workshop

A report from the Workshop was published and is available at:

www.microgravity.ac.uk/MRC%20Workshop/Report.pdf

The report includes the conclusions reached by an MRC Advisory Group which met privately towards
the end of the workshop. These were:

— Biomedical research in space is clearly needed to support the programmes of manned space flight.
The main benefit of such research is to the health of astronauts, rather than to the health of the
terrestrial population.

— While the UK has several pockets of excellent research in this area, there is currently a lack of
critical mass and co-ordination, while links to the broader biomedical community are weak.

— Microgravity provides an interesting tool with which to probe normal human physiology,
although its relevance to pathophysiology needs to be more convincing.

— Investigations into the loss of bone andmuscle mass in conditions of microgravity may further our
understanding of the basic mechanisms underlying the turnover of such tissue. However it has yet
to be established whether this is a useful model in terms of understanding the processes of ageing.

— The studies being performed in space oVer some unique possibilities for the area of human
physiology. For example, whole organism experiments can be performed on humans to test
hypotheses that on earth can only be approached with association studies. However the majority
of important questions being posed could be tackled on earth by careful design.

— Cardiovascular research represents an area of opportunity for furthering our understanding of
basic physiological processes, although space studies do not provide a goodmodel for heart failure
and other cardiovascular disease processes.

— The area of neurovestibular research oVers some possibilities, for example in relation to sensory-
motor integration studies and cellular/molecular adaptation, although UK eVorts in space
research in this area are modest. Furthermore there are increasing terrestrial opportunities oVered
by virtual reality approaches.

— Current studies are generally descriptive, and the knowledge base at present is insuYcient to ask
the critical questions that microgravity might be able to uniquely answer.

— The study population in space research is atypical, since astronauts are a highly selected group of
fit and intelligent individuals.

— The small numbers of astronauts that can be analysed gives rise to problems of statistical power
in space research, and eVort should be put into establishing new biostatistical methodology.

— Space programmes may have a role for the development of bioinstrumentation, such as
miniaturised imaging modalities; however the lack of statistical power in space studies will remain
to be a problem.

— Due to its greater investment in manned space flight, NASA has a more significant biomedical
research programme, and a larger physiological database, than ESA.

— Any decision to commit funding towards space research programmes should be taken only once
a rigorous cost/benefit analysis has been undertaken.

— The UK should establish better links between its biomedical researcher community and those
involved in space research (throughNASAandESA).Opportunities exist for improving the design
of the experiments performed in space, and UK experts could make valuable contributions in
this area.
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Follow-up

ELIPS

In February 2003, following the recommendations of the independent Microgravity Review Panel,
headed by Professor Bill Wakeham, RCUK’s view was sought on whether the UK should join the ESA
ELIPS Programme at the minimum subscription level (at a total cost of around £3.4 million per year, plus
the additional costs of funding the research). The MRC provided views based on the outcome of the
workshop. The Research Council Chief Executives unanimously concluded that they could not recommend
Science Budget investment in the ESAELIPS Programme. Potential investment in the Programme had been
weighed against other competing demands for funding, and it was deemed not to be of suYciently high
scientific priority.

On 10 May 2004, Lord Sainsbury announced that reluctantly the UK Government would not subscribe
to the ESAELIPS programme, nor fund a national programme ofmicrogravity research at the present time.

Aurora

TheMRCdecided not to be involved in theUK contribution to the preparatory phase of ESA’s “Aurora”
programme (as announced by Lord Sainsbury on 1 October 2004), for the same reasons, and also because
anyway the programme in its preparatory phase was focusing on robotic rather than manned flight.

Conclusion

The MRC does not attach strategic importance to biomedical research relating to space. However, there
are potential opportunities, as discussed at the 2002 workshop, and the MRC would welcome response-
mode applications which would be considered in competition in the usual way.

October 2006

Memorandum 35

Submission from the Particle Physics and Astronomy Research Council (PPARC)

1. Executive Summary

1.1 PPARC is the largest funding partner in BNSC. In this memorandum PPARC outlines how and why
it invests in space. It also outlines PPARC’s relationship with its partners in BNSC;with the European Space
Agency (ESA) and with other space agencies. PPARC also comments on the impact that current levels of
investment in space are having on the UK’s competitiveness; and considers what impact greater levels of
investment might have.

1.2 PPARC believes that progress in space science depends on technological innovation and that this
innovation benefits both the competitiveness of the UK space industry and also the wider economy. The
memorandum summarises what activities PPARC undertakes to transfer this knowledge to other sectors of
the economy and includes some success stories.

1.3 PPARC believes that space is a strategic activity requiring joined-up action in order to yield the full
range of scientific, economic and societal benefits. PPARC feels that there is scope for increased recognition
of the public and commercial benefits oVered by the sector, particularly across Government. In this
memorandum PPARCoutlines why it believes that the BNSC is the best mechanism for co-ordinating these
activities.

1.4 PPARC plays an active role in supporting the UK skills base. It funds training of PhD students and
researchers undertaking space related research in universities and laboratories. It also inspires and
stimulates the next generation of scientists and engineers through its Science and Society programme.

2. Why PPARC Invests in Space

2.1 PPARC’s mission is to pursue a programme of high-quality basic research in astronomy, space
science and particle physics. In doing so, PPARC also trains high-quality scientists and engineers; increases
the UK’s industrial competitiveness; attracts future generations of scientists and engineers; and stimulates
the public interest.
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2.2 PPARC’s research programme responds to fundamental questions about the origin, current state and
future of the Universe and all that lies within it. This programme requires long-term strategic planning and
investment to provide UK researchers with access to the state-of-the-art facilities necessary for competitive
research. The PPARC “Road Map” sets out this planning in a structured way. It is built around nine key
science questions:

— What is the Universe made of and how does it evolve?

— What is the origin of mass?

— Are we alone in the Universe?

— Why is there more matter than antimatter?

— How do galaxies, stars and planets form and evolve?

— Is there a unified theory of all particle interactions?

— What are the laws of physics in extreme conditions?

— How does the Sun aVect the Earth?

— What are the origins and properties of the energetic particles reaching the Earth?

2.3 PPARC’sRoadMap elaborates on these questions, and identifies current and possible future projects
needed to help answer them. Space science projects contribute to answering most of these questions. And
as advances in its science often derive from innovative technology, theRoadMap also helps PPARC identify
critical technologies requiring early investment.

2.4 This structured approach allows PPARC to target investment to yield the highest scientific return.
This approach has enabled UK space science to be amongst the best in the world—second only to the USA
in terms of the numbers of publications and citations. In open competition, UK scientists have secured the
second highest utilisation of the Hubble Space Telescope (a joint ESA/NASA project). The ESA Newton
X-ray telescope, in which the UK led two out of the three instruments, is yielding internationally peer-
reviewed science papers at the rate of one every working day.

2.5 On average PPARC invests over one quarter of its annual budget on space science. This accounts for
around one third of the UK’s public expenditure on civil space. Most of PPARC’s investment in space
science is via membership of the European Space Agency (ESA), through both its subscription to the
agency’s Space Science Programme and funding of the domestic activity to support the subscription
(building instruments and doing the resulting scientific research). To a limited extent, PPARC also takes
part in bilateral international projects with other space agencies. TheUK does not undertake national space
science missions.

3. The Benefits and Value for Money Obtained from Participation in ESA and Other

International Programmes

3.1 Membership of ESA is of fundamental importance to UK space science. Membership allows the UK
to participate in a far greater range of projects than would otherwise be possible. Such projects are
scientifically competitive on a world scale and—in several areas—ahead even of NASA, despite the US
agency’s much larger budget.

3.2 ESA is a relatively eVective organisation. Financial and management control of the ESA Science
Programme has historically been quite successful—over the last 20 years the average cost overrun at
completion of ESA science missions is only 4%. The annual budget of the Science Programme declined by
about 20% between 1995 and 2005, but this has now stabilised. However, the context in which ESA is
operating is changing. A number of issues will have to be taken into consideration;

The relationship between ESA and the European Union (EU). The EU and ESA are developing a
framework for managing future space related activities in Europe through the European Space
Policy (ESP). A series of joint EU–ESA meetings are being held at Ministerial Level in order to
develop the ESP.

The relative financial contributions made by member states. There are two parts to the ESA
programme—the Mandatory Activities (ie the “club membership fee”) and the Optional
Programmes. The Space Science Programme constitutes the majority of theMandatory Activities.
Member states’ contributions to the Mandatory Activities are proportional to their Net National
Income (NNI). This value is periodically re-calculated but at present it is 17.7% for the UK,
making the UK the second largest contributor to the Mandatory Activities behind Germany.
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However, most of ESA’s activities are through Optional Programmes, in which the member
nations participate at a level of their choosing. Overall, the UK contributes about 8% of ESA’s
budget.

Financial Management Reform. The Director General of ESA has begun a financial reform
process, which Lord Sainsbury—the UK’s Minster for Science and Innovation helped to initiate.
The Agency aims to refine its operation, methods and organisation in preparation for the future.

Enlargement.At present there are 17 full members of ESA and 5 “cooperating states”. In the mid-
term, it is anticipated that membership could grow in line with the expansion of the EU. The
organisation will have to consider whether and how the enlargement can be implemented. The
issues are wide-ranging, encompassing relationships with the EU, industrial policy, and the focus
of ESA’s activities. The Director General of ESA is presently consulting member states as to their
views and the UK has begun a corresponding national reflection.

Industrial return. ESA’s industrial returns policy is enshrined in its Convention and ensures that
industrial activities in eachmember state reflect their level of financial contribution. This approach
is intended to ensure that technological benefits accrue to all member states. And it should be
understood that the vast majority of contracts are awarded in (vigorous) open competition. The
advantages and disadvantages of ESA’s industrial policy have been debated before and will be
again in the context of enlargement. But whether the status quo is maintained, or the policy evolved
to relax geo-return requirements, PPARC wants to help ensure that UK industry wins an
appropriate proportion of the contracts to secure the economic and technological benefits as well
as the scientific benefits of the UK’s involvement in ESA.

3.3 PPARC (acting through BNSC) monitors the share of contracts awarded to UK companies in
proportion to the UK contribution to ESA (the “geo-return”). For various reasons—including the current
strength of the UK economy relative to our neighbours—the UK’s geo-return in the Science Programme
is currently less than the ideal. Coordinated action between BNSC and ESA is addressing this issue with
some success.

3.4 In summary, PPARC believes that membership of ESA continues to provide the most cost-eVective
way of sharing the costs of world class “big science” projects, maintaining a vibrant and active space science
community, and developing technological capability in the UK.

3.5 Although the majority of PPARC’s space science activities take place through the UK’s membership
of ESA our approach to space science is flexible and designed to obtain the best benefits for UK science.
This allows some scope to participate in non-ESA missions on a bilateral basis with other nations. These
missions can allow niche or novel areas of science to be addressed rapidly and cost eVectively. An example
is the PPARC involvement in the NASA Swift astronomy mission. This relatively small mission was
launched in 2005 and is dedicated to the study ofGamma-ray bursts. These are themost powerful explosions
in the Universe but occur randomly and rapidly and are poorly understood. The UK was able to apply
instrument technology already developed on an ESA mission to make a financially modest (£6 million over
5 years) but scientifically fundamental contribution to a mission which has immediately yielded important
scientific results.

3.6 The UK, through PPARC, is seen as a desirable international partner. This is largely due to the
quality and expertise of UK space scientists and engineers. Hitherto, the USA and Japan have been
PPARC’s principal partners for such bilateral cooperation. However, subject to scientific priority and
resources, new strategic opportunities are emerging. In particular, the space agencies of both India and
China are becoming major players. Each will launch robotic missions to theMoonwithin the next two years
and China is planning further missions of interest to the UK science community.

4. Impact of Current Levels of Investment on UK’s International Competitiveness in this Sector

4.1 PPARC’s investment in space science is fundamental to UK international competitiveness in space
activities as a whole;

— Scientifically, as already described;

— Technologically, because the challenges of PPARC’s science drives technological innovation
through to in-orbit use;

— Programmatically, because the ESA Science Programme provides an underlying base from which
the UK industrial community can achieve greater competitiveness and provides opportunities for
new companies to enter the field;

— Operationally, because UK service industries are prominent in providing services to ESA’s
technical and operations centres.

4.2 PPARC’s primary rationale for investment in space is to yield scientific return. However, it is clear
from the above that the additional benefits of PPARC’s investments are intertwined with the UK’s wider
space policy, where the goals may also be economic or societal. It is evident that other countries (eg within
Europe, Italy) and elsewhere (China and India) are placing increased priority on investment in space science
activities as part of strategic national policy.
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4.3 Due to the nature and complexity of the work undertaken in the sector investment decisions have to
be made many years sooner than they do in some other sectors. The UK is currently in a reasonably good
competitive position because of investment decisions taken some years ago. But our position for the next
20 years is not as certain.

4.4 The private sector is unlikely to invest in pure science such as is undertaken by PPARC. All nations
which have a presence in space recognise this and most invest strategically for the long term. And because
the commercial space sector has long lead-times this can make it unattractive for private sector investment.
This factor needs to be recognised and all stakeholders in the sector should consider whatmechanisms could
be devised to make investment by the private sector more attractive. But it must also be recognised that
investment by the private sector alone will not be enough and must be accompanied by greater investment
from the public sector. Most other nations which have a presence in space invest more public money per
capita in their domestic space programmes than the UK does. Countries such as China and India have a
low cost base and are investing substantially in basic space technology and are likely to catch up rapidly.
The USA has leveraged its capability in basic science (supported by substantial military funding for space)
to create capability now exploited in the civil domain. An example lies in the case history of satellite
navigation. This began with US scientists attempting to track Sputnik in 1957. This led to the use of early
navigation satellites to provide targeting information to Polaris submarines, and eventually to today’s GPS
navigation system—used by a wide range of people from taxi drivers to hill-walkers.

4.5 The UK invests proportionately smaller amounts in its domestic (non-ESA) space programme
relative to other countries. PPARC feels that it is in this area that increased investment would generate a
greater impact in three ways. Firstly it would increase and accelerate technological innovation and spin-oV

across all UK space activities. Secondly it would allow more eVective exploitation of the UK’s NNI-based
subscription to ESA, where at present the UK is not always able to fund a suYcient breadth of instrument
contribution.And thirdly it would provide theUKwith themeans to negotiate strongly on the fast-changing
global stage.

4.6 With such long lead times and a rapidly expanding market the UK needs to adopt a strategic
approach—not just a scientific approach—to get the best benefits from the space sector. An appropriate
infrastructure needs to be in place to enable the UK to take advantage of opportunities not falling within
existing Government departmental structures.

4.7 NASA, for example, is beginning a $100 billion lunar exploration programme which integrates
scientific, economic and technological goals. The US is open for international partnerships to develop some
aspects of the programme, such as software, communications support systems or scientific instrumentation.
PPARCbelieves that the UK could well have expertise to exploit both the commercial and scientific benefits
from such a programme.

5. The Maximisation of Commercial Benefits and Wealth Creation from UK Space-based

Technologies Through Innovation and Knowledge Transfer

5.1 Progress in PPARC’s space science depends on technological innovation in such fields as
instrumentation, control systems, propulsion, autonomy, software and data processing. These technological
innovations and capabilities often have the potential to be applied far beyond the PPARC science for which
they were originally developed and can ultimately produce wider economic benefits. PPARC actively helps
the UK secure these wider benefits especially by brokering “knowledge transfer” at the interfaces between
organisations and areas of application.

5.2 Nationally, the principal mechanisms for creating such new technology are:

— Rolling grants for long term research of needs

— PPARC R&D (PRD) for technology pre-development

— Project development awards for flight projects

As a result of recent changes, the PRD mechanism may involve pure academic teams, pure industrial
teams or (typically) mixed teams from academia and industry.

5.3 Nationally, the principal mechanism for knowledge transfer of capability created in the PPARC
programme is through the PPARC Industrial Support Scheme (PIPSS), which focuses exclusively on
knowledge transfer objectives. PPARC also participates in a DTI-supported “Knowledge Transfer
Network” for instrumentation, and also in RCUK supported schemes to help transfer knowledge arising
from UK investment in all of PPARC’s international subscriptions (to ESA, CERN39 and ESO40).

39 The European Organisation for Nuclear Research.
40 The European Southern Observatory.
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5.4 There have been a number of successes in knowledge transfer from the PPARC space programme,
including;

— E2V ltd. E2V are specialists in optical sensors and a major supplier to PPARC’s programmes.
Their work has led to export contracts in the space, healthcare, defence and aerospace sectors. E2V
is an active participant in partnerships with universities. In 2005 E2V Technologies had 1,300
employees and a £100 million turnover—with exports accounting for 75% of sales.

— LogicaCMG. LogicaCMG is also a major supplier to PPARC’s space science programme through
ESA. LogicaCMG software supports a third of the world’s satellites. By 2004 LogicaCMG had
6,000 employees in the UK and a £1.7 billion turnover. Logica’s expertise developed through
science missions has helped its other business sectors. Experience gained on PPARC-funded
projects in flight dynamics software has led directly to at least ƒ50 million export contracts.

— Thruvision. Thruvision is a spin-oV company created in 2005 to exploit space instrumentation
technology for remote security screening—which is now being trialled at airports.

5.5 PPARC is keen to help devise mechanisms to enable UK industry to maximise the commercial and
technological benefits from the UK’s investment in space science by supporting technological innovation
and transferring knowledge and skills into the wider economy.

5.6 The UK space community in universities and industry is highly innovative, and is well used to
working together.However, for theUK to remain competitive in a globalmarketplace of ideas theUKneeds
to improve its ways of working, for example by accelerating the process fromR&D tomarket. This will need
improved funding models and ways of integrating intellectual capital. The formation of the new Research
Council could act as a stimulus for this process.

6 The Delivery of Public Benefits from the Space-related Activities of Different Government

Departments (eg DEFRA, MoD, DTI, DfT), and the Co-ordination of These Activities

6.1 The space related activities which PPARC supports deliver public benefits in three areas—science,
education and knowledge transfer. These activities also deliver wider public benefits which are much more
diYcult to quantify, such as the inspirational value they provide to the creative industries and the public
in general.

6.2 Space is pervasive and is used by numerousGovernment departments. The investment in space is very
much user driven. And whilst this approach has, to a certain extent, been successful PPARC believes that
there may well be scope for more joined-up thinking by BNSC partners and other stakeholders in order to
enableGovernment departments to fully appreciate the public and commercial benefits oVered by the sector.

6.3 In his written statement to Parliament on the Comprehensive Spending Review41 the Chancellor
outlined the new challenges which Britain will face. PPARC believes that the UK space sector could play a
considerable role in developing innovative responses to almost all of these challenges.

6.4 The merits of having a single dedicated space agency have been debated several times before. And
although most other leading nations have a single dedicated agency, PPARC believes that the BNSC
partnership arrangement (especially if developed to its full potential) is an appropriate model for the UK
as it ensures a more customer focused approach.

6.5 The partnership approach should not inhibit Government departments from developing a common
space policy, and in fact should facilitate the process. Developing a common policy could help maximise the
delivery of public benefits from space related activities. BNSC would be an appropriate vehicle to develop
such a policy—provided suYcient consensus and commitment existed, or could be developed, across
Government departments for such an approach.

6.6 Acting through CCLRC, the BNSC partners are proposing a ‘Joint Partners Space Technology
Programme’. This is an encouraging development which—among other benefits—would ensure that
Government departments had suYcient advice on the potential that space oVers for various applications.

6.7 In 2005 BNSC set up the UK Space Board (currently chaired by the PPARC Chief Executive) to
provide a strategic steering role. The Board has been successful in strengthening the coordination of UK
civil space activities.

7 Support for Space-related Research and the UK Skills Base

7.1 PPARC plays two distinct roles in education;

— Delivering excellent training in exciting scientific research through its post-graduate studentship
schemes.

— To communicate the excitement and benefits of PPARC sciences to the general public and
especially to inspire the next generation to train in science, technology, engineering and
mathematics—skills which are essential for the long-term health of the UK economy.

41 http://www.hm-treasury.gov.uk/newsroom–and–speeches/press/2005/press 65 05.cfm
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7.2 Far from being “ivory tower” academics, PPARC space science students are often working in an
international environment and employing novel technology and computing techniques to solve diYcult
problems in time critical projects. Not surprisingly such skills and experience are in great demand in other
sectors. Research commissioned by PPARC suggests that around half of these students take up careers in
the commercial sector.42

7.3 PPARC believes that space can be a remarkable tool in attracting and sustaining young people’s
interest in science, technology, engineering and mathematics. PPARC has a dedicated Science and Society
programme which for example, supports three “robotic” telescopes to allocate observation time to school
children. It also operates a loan scheme which has allowed thousands of schoolchildren to get “hands-on”
with samples of Moon rock.

7.4 Science and Society goals are included in every major project PPARC funds. For example, in the
planned ExoMars mission, PPARC aims to ensure that UK schools will be given opportunities to meet the
scientists involved in the project and to use interactive (and inspirational) educational material.

7.5 Evidence for the direct impact of space activities on career decisions exists historically in the US
(where an “Apollo” generation of innovators was created in the early ’seventies) andmore recently PPARC,
along with partners EADSAstrium Ltd, BNSC and the Regional Development Agency “Yorkshire
Forward”, has published a consultants’ report entitled “The Education and Skills Case for Space”.43 The
report looked at what evidence existed to show that relating space activities to young people improves
educational standards and skills and can aVect choice of a science or technology subject post-16 or on
entering university. This report reveals better evidence that the excitement of space does aVect educational
standards and students’ subject choice for post-16 and university studies.

7.6 In summary, PPARC believes that its space science activities are contributing both directly and
indirectly to the skills base of the UK and that exciting opportunities exist to increase impact in this area.

October 2006

Memorandum 36

Submission from the Natural Environment Research Council (NERC)

1. The Natural Environment Research Council (NERC) welcomes the opportunity to comment.

2. NERC is one of theUK’s eight ResearchCouncils. It funds and carries out impartial scientific research
in the sciences of the environment. NERC trains the next generation of independent environmental
scientists. Its priority research areas are: Earth’s life-support systems, climate change, and sustainable
economies.

3. NERC’s research centres are: the British Antarctic Survey (BAS), the British Geological Survey
(BGS), the Centre for Ecology and Hydrology (CEH) and the Proudman Oceanographic Laboratory
(POL). Details of these and of NERC’s collaborative centres can be found at www.nerc.ac.uk.

4. NERC’s comments are based on input from Earth Observation (EO) staV, following consultation
with NERC’s EO Centres of Excellence and BAS.

5. We hope that the Committee does not mind our addressing the subject areas in a diVerent order from
that in the inquiry announcement, so that the diVerent areas follow more logically in the NERC context.

Support for Space-related Research and the UK Skills Base

6. A key challenge for environmental sciences today is to understand the Earth system as a whole.
Modern research is exposing complex interactions between the planet’s physical, chemical and biological
components.We also know that human activity is changing the Earth system.Unravelling these interactions
and feedbacks is central to NERC’s overall science strategy. To help achieve this, NERC maintains a
vigorous and eVective Earth Observation (EO) Programme. Satellite-borne instrumentation plays a crucial
role in overcoming the historical diYculty of obtaining accurate, continuous, synoptic and simultaneous
measurements of the Earth’s atmosphere, oceans, ice sheets, land surface and interior.

42 In 1995 PPARC commissioned a study to trace the career paths of PhD students within the remit of PPARC. The study
focused on students whose PhD awards had ended 6-8 years earlier—as it was expected that they would be well established
in a career. In 2003 a further study was commissioned to follow up these students and to establish how their career had
developed since 1995. A copy of this report can be found on the following web page; http://www.pparc.ac.uk/pbl/pdf/
PiedaOldCohort.pdf

43 A copy of the report can be found at http://www.pparc.ac.uk/Ed/ESCS.asp This report follows on from the report by Prof
Martin Barstow (University of Leicester), entitled “Bringing Space into School Science”, which was published in 2005. A copy
of this can be found at http://www.pparc.ac.uk/Ed/barstowpage.asp
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NERC’s EO Programme—overview

7. NERC’s Earth Observation Programme supports the delivery and exploitation of EO data in
environmental sciences across NERC’s portfolio, through funding scientific research focusing on various
aspects of the Earth system. NERC’s activities in EO are taken forward within the framework of a dedicated
EO Strategy (2004–09), with activities brigaded as follows:

— the exploitation of current satellite observations; mainly taken forward through seven EOCentres
of Excellence, focussing on the use of EO data to monitor both global and regional changes in the
environment, and to develop a detailed understanding of these changes so that future
environmental conditions can be predicted;

— support for new satellite observations; primarily taken forward through NERC’s subscription to
the European Space Agency’s environmental sciences programme; and

— definition and support for longer-term technology for future satellite observations; taken forward
(i) through NERC’s subscription to the European Space Agency’s technology programmes such
as the Technology Research Programme (TRP) and (ii) through the development of
instrumentation for planned EO missions and the preparation of science-driven concepts and
technologies for future missions on a national level through the Centre for EO Instrumentation in
collaboration with other government department, and (iii) through dedicated instrument
development investments in collaboration with international space agencies.

8. NERC provides the UK’s subscription (x£34 million per annum) to the European Space Agency’s
(ESA) environmental sciences programmes, namely the Earth Observation Envelope Programme (EOEP)
and Envisat/ERS operations, and a share of the UK’s subscription to the general budget, covering more
cross-cutting functions (administration, technology development, archiving, at around £7 million per
annum). NERC also contributes to the UK’s subscription to the first phase of the Global Monitoring for
Environment and Security Space Component Programme (GMES SCP, £2.2 million over three years),
together with Defra (who lead on the programme and provide the biggest share of the subscription),
DTI and MoD.

9. NERC invests approximately £10 million annually in EO activities at a national level (including direct
EO Programme spend, responsive-mode grants, and facilities), the majority of which is spent on the
exploitation of EO data. This complements NERC’s contribution to a “global observing system” through
its membership of ESA. NERC’s investments within the UK on technology development aim to strengthen
the UK’s capability for instrument development in support of future scientific requirements in an
international, mainly ESA, context. This is intended to maximise the benefits to the UK’s environmental
sciences community from NERC’s investments in ESA.

Review of NERC EO Activities

10. NERC conducted a comprehensive sectoral review of EO investments in September 200544. The
review panel comprised both UK and international independent experts. Their report, which identified a
number of challenges forNERCandpotential solutions to address these, also oVered broad positive support
for NERC’s EO activities. A particular element commended by the panel was the EO Centres of Excellence
Programme, where the following summary statement was oVered: “. . . the Centres of Excellence are an
exemplary, even enviable initiative and their programmes of work are both scientifically and operationally
eVective. All seven were considered to be completely aligned with NERC’s highest science priorities, and six
were judged as being a 4/a 5 . . .” (ie excellent or outstanding).

11. NERC’s response to the review panel’s recommendations is currently being implemented. An
important plank of this is the establishment of a National Centre for EO (by February 2008). The National
Centre will be led by a Science Director who will have overall responsibility for taking forward NERC’s EO
Centres of Excellence activities and for building strong and eVective links with all other elements of the
NERC EO programme45.

Supporting the UK’s skill base

12. Strengthening and broadening the trained community is an important objective in the NERC EO
Strategy 2004–09, underlining the strategic importance of extending the use of EO techniques across a broad
spectrum of UK environmental sciences. NERC’s current suite of (seven) EO Centres of Excellence focuses
not only on the exploitation of EO data but also on building capacity in the research community. Acting as
aUK focus in their particular scientific areas, eachCentre aims to strengthen and broaden the skills base, for
example through providing training opportunities for PhD students. In addition to the funding of dedicated
studentships, the Centres also organise and run workshops and summer schools. NERC has also supported
several academic posts in EO through the Earth Observation Science Initiative and has held annual
workshops for the EO community since 2003.

44 For a full report see http://www.nerc.ac.uk/funding/earthobs/documents/eoreviewreport05.pdf.
45 For futher details see http://www.nerc.ac.uk/publications/latestpressrelease/2006-47earthobservation.asp
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13. A recent assessment of activities and spending on EO within NERC outside the dedicated EO
Programme budgets has shown that the number of grants using EO has increased considerably over time,
which provides evidence of a growing community. The assessment also showed that the uptake of EO data
and techniques has increased in non-traditional EO areas such as marine and Earth sciences.

14. NERC and DTI are jointly supporting the establishment of a new Centre for EO Instrumentation
(see paragraph 22), which will provide support to Knowledge Transfer and skills development in HEIs,
institutes and industry, in line with processes advocated in DTI’s Innovation Review and Technology
Strategy.

The Benefits and Value for Money Obtained from Participation in the European Space Agency

and Other International Programmes

NERC’s subscription to the European Space Agency’s environmental science programmes

15. NERC’s scientific objectives relate to a wide range of aspects of the Earth System. The global scale of
these issues demands international collaboration and cooperation, both with regard to establishing a global
observing system and providing an underpinning knowledge base. For example, the contribution NERC
makes to ESA’s environmental sciences programmes enables it to secure access to a comprehensive portfolio
of observations that would not be aVordable on a national basis and which makes a valuable contribution
to the delivery of a wide range of NERC’s scientific objectives. Essentially, such participation delivers a
significant gearing of funds and allows theNERC community to draw on a verymuch wider pool of relevant
scientific and technological expertise.

16. ESA’s EO Envelope Programme (EOEP) represents NERC’s primary means of procuring new
missions. EOEP mainly funds the development and operation of innovative Earth Explorer science
missions, providing EO data in support of environmental science covering a broad range of scientific
subjects.46 The scientific objectives of EOEP, as identified in the ESA EO Science Strategy47, are
substantially similar to those of NERC. NERC also supports the operations of ERS-2 and Envisat, both
carrying a wide range of instruments monitoring various components of the Earth’s environment.

17. GMES is a joint initiative of the European Commission (EC) and ESA and aims to provide
independent access to information for decision makers in order to advance European and national
environment and security policy agendas. GMES is also recognised as the major European contribution to
the international Global Earth Observation System of Systems (GEOSS—see below).

18. The rationale for NERC’s involvement in the GMES Space Component Programme (SCP) as a
supporting partner (behind the Defra lead) is based primarily on: (i) the need for data continuity and access
to long-term environmental data sets for scientific research; (ii) the active participation and influence of the
environmental science community in the design and development of GMES instruments and technologies;
and (iii) a recognition that the transition from research to operational missions needs some support while
the customer base is evolving. The GMES SCP comprises a variety of missions that are likely to contribute
to the achievement of a wide range of NERC’s scientific objectives, particularly in the area of climate change
and in the study of the Earth system.48

19. In addition to its value for NERC scientists, GMES oVers a suitable vehicle for the transfer of NERC
science and technology to operational use and for the uptake of NERC science at both national and
European levels.

NERC’s Involvement in the Group on Earth Observations (GEO) and the Global Earth

Observation System of Systems (GEOSS)

20. GEO is an international partnership comprising 62 member countries, including the UK, the EC and
43 participating organisations leading a worldwide eVort to build a Global Earth Observation System of
Systems (GEOSS) over the next 10 years. The GEO approach is to put in place a framework to facilitate
the co-ordination of current and future global EO investments to deliver synergy and increased benefits.
GEOSS will work with and build upon existing national, regional (eg GMES) and international systems to
provide comprehensive Earth observations from satellite borne and in situ instruments worldwide for the

46 See http://www.esa.int/esaLP/LPearthexp.html and http://www.esa.int/esaLP/ESADQ0UHN6D—LPfuturemis—0.html for
further details on the approved and candidate Explorer missions respectively.

47 See http://esamultimedia.esa.int/docs/SP-1234.pdf for ESA’s Strategy for EO. The strategy is in the process of being updated
in consultation with the European science community. The updated strategy will be presented at the next ESA Programme
Board meeting for EO. The new strategy—‘The Changing Earth—New Scientific Challenges for ESA’s Living Planet
Programme’ (ESA SP-1304 )— will be published until the end of 2006.

48 The GMESmissions will provide data, which will e.g. enableNERC scientists to study andmodel ice sheet dynamics, support
work on earthquakes and vulcanology and look at the role of the land and the biosphere in the Earth system. They will also
provide long-term data sets for ocean sea-surface temperature, surface states, altimetry and ocean colour. Two of the GMES
missions will be relevant to NERC in providing a route to the operational delivery of global data sets on atmospheric
chemistry.
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benefit of science and society. GEOSS is structured around delivering to nine key societal benefit areas, all
of which are relevant toNERC’s scientific agenda, including in the areas of natural disasters, climate change,
water resources, ecosystems, desertification and biodiversity.

21. NERC is actively involved in a raft of the participating organisations within GEO, and provides a
wide ranging input toGEOSS through this route. NERC is also amember of theUKdelegation to theGEO
Plenary process, alongside Met OYce and Defra. EVective engagement by NERC in GEOSS over the next
10 years is likely to deliver significant benefits through the provision of access to important global data sets,
across a wide range of relevant disciplines and themes.

Collaboration with international space agencies

22. Historically, NERC has supported dedicated technology and instrument development in
collaboration with international space agencies with major investments for three instruments: the
Geostationary Earth Radiation Budget (GERB) instrument flying on Eumetsat’s Meteosat Second
Generation mission49, the High Resolution Dynamic Limb Sounder (HIRDLS) flying on NASA’s AURA
mission50 and the Along Track Scanning Radiometers (ATSR-1/2) flying on ESA’s ERS-1/2 missions.51 All
of these instruments advance certain aspects of research in the climate change area.

The Impact ofCurrentLevels of Investment on Space-relatedActivities on theUK’s International

Competitiveness in this Sector

23. NERC’s primary interest with regard to its ESA contribution lies in assuring scientific excellence in
the mission selection and thus maximising scientific benefits for the UK’s environmental sciences
community, whilst recognising that ESA’s modus operandi is based on geo-return.

24. NERC aims to achieve the right balance and complementarity between its national and international
investments in EO in terms of provision and contribution to a global observing system and the exploitation
of EO data deriving from such a system (mainly through the EO Centres of Excellence Programme and the
future National Centre for EO).

25. The UK has been particularly successful in proposing and leading ESA EOEP Explorer missions.
Two of the presently approved six Explorer missions are led by Principle Investigators from the UK—
CryoSat is led by Prof. Duncan Wingham fromUCL and EarthCARE is led by Prof. Anthony Illingworth
fromReading University. In response to the most recent call to select the 7th Explorer mission, six missions
have been shortlisted as candidate missions, with a final selection due in 2008. Two of the six candidate
missions are led by the UK, PREMIER is led by Dr. Brian Kerridge from RAL and BIOMASS is led by
Prof. Shaun Quegan from SheYeld University. In the cases of BIOMASS and CryoSat, there is also a direct
link to the EO Centres of Excellence Programme and thus to the exploitation of the resulting observations
since both investigators are also Directors of an NERC EO Centre of Excellence.

26. The UK is promoting a concept to establish a Distributed Data Assimilation Research Centre
(DDARC) across European institutions, building on the expertise of one of the NERC Centres of
Excellence: The Data Assimilation52 Research Centre (DARC). The ESA has issued an invitation to tender
to determine the potential benefits of such a structure and the UK is leading a multi-institutional, multi-
national, consortium bid in response.

27. UK scientists play an active role in the calibration and validation activities for the ESA Explorer
missions and in exploiting EO data derived fromESA’s ERS-1/2 and Envisat missions, which form the basis
of a large number of scientific publications.

49 NERC funded the first GERB in a series of 4 instruments (subsequent instruments are funded by Eumetsat) that will monitor
the energy balance and climate of the Earth over the next two decades. GERB was selected as a Top Science Achievement of
NERC funded research in 2003, recognising its major contribution to one of NERC’s science priorities, namely climate
change—predicting and mitigating the impact.

50 NERC’s investment in the development of the ATSR instruments and the follow-on Advanced ATSR (AATSR) instrument
flying on board Envisat (funded by DEFRA) has initiated a 15-years time series of globally and continuously measured sea-
surface temperatures from space with a high accuracy, which is demanded by the improved ability to model and the need to
monitor climate trends.

51 HIRDLS is measuring temperatures and atmospheric composition, including ozone, water vapour and aerosol particulates
in the upper layers of the atmosphere to understand processes aVecting climate change. HIRDLS is delivering unique
measurements, revealing processes that are unobservable by current satellite instruments.

52 Data assimilation: Observation data for the Earth system are obtained from a variety of sources, including satellites. The data
are of diVerent types (eg temperature, wind, ozone) and to get the maximum benefit from these data, we need to find amethod
to combine them. Data assimilation is such a method. It is a technique in which the data are combined with output (forecasts)
from a model of the evolving atmosphere (for example) to produce an optimal representation of the evolving state of the
atmosphere.
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TheMaximisation ofCommercialBenefits andWealthCreation fromUKSpace-basedTechnologies

Through Innovation and Knowledge Transfer

28. NERC and DTI are jointly supporting a Centre for Earth EO Instrumentation. The procurement
process is underway. The Centre will be expected to provide an excellent, internationally competitive
instrument and instrument technology research and development programme, clearly driven by longer-term
NERC science objectives, the NERC Earth Observation strategy and the capabilities within UK Industry.
The Centre will provide a demonstrable UK focus for scientific and technical collaboration between the
academic and industrial communities and will strengthen the UK’s capability for instrument development
in support of future scientific requirements addressed by international Earth Observation missions. The
Centre is intended to forge partnership with further users with common technology interests, such as
PPARC, Met OYce and DEFRA. It is geared towards supporting NERC’s success in other technology
programmes such as ESA’s Technology Research Programme (TRP) and the cross-council Basic
Technology programme.

29. The more focused Centre for EO Instrumentation approach was preceded by the New Observing
Techniques Programme, a competitive grants scheme to encourage the development of novel EO
instrumentation and techniques and aiming towards positioning the UK in an international context, with
special regard to ESA. The New Observing Techniques Programme was part of a coordinated approach
together with DTI’s NEWTON and SMS programmes, with the aim of aligning scientific research and
technology development.

30. A further scheme run in collaboration with DTI is the EO LINK programme. It supported
innovative, pre-competitive research into applications of EO data carried out by partnerships of academia
and industry.

31. NERC has a dedicated knowledge transfer (KT) strategy which focuses on maximising the transfer
of all forms of knowledge arising from NERC-funded science to its users. NERC established a variety of
tools to facilitate KT activities. The EO community has been successful in securing some enabling funding
from these schemes for, for example, establishing a network for calibration and validation of EO data or
funding a translator/facilitator position to support collaboration between academic institutions and
government departments in the area of forestry.

The Delivery of Public Benefits from the Space-related Activities of Different Government

Departments (eg DEFRA, MoD, DTI, DfT), and the Co-ordination of these Activities

32. As a key funder of space activities, NERC is a member of the UK Space Board, along with PPARC
(currently the chair), DTI,MetOYce andMoD.NERCattaches importance to the work of the Space Board
and believes that the Board oVers an appropriate forum for the consideration of high-level civil space issues
and for the provision of a strategic steer to the British National Space Centre (BNSC).

33. NERC is one of the partners of BNSC53 andworks through this partnership to ensure coordination of
eVorts and tomaximize the benefits for theUK from its investments in civil space activities. This coordinated
approach enables the partners to drive international developments and programmes. Particular areas for
collaboration have included:

— Working with PPARC and DTI to drive and influence the focus of ESA programmes;

— The coordination of theUK’sGMES programme subscription to ESAwithDefra,DTI andMoD;

— Joint funding and close working with BNSC partners to facilitate the UK’s chair of the Committee
for EO Satellites (CEOS) in 2004–05;

— Contributing to the Group on EO (GEO) process together with the Met OYce and Defra;

— Supporting common technology development across the partnership through funding, together
with DTI, a Centre for EO Instrumentation.

34. The EO sector review panel assessed the relationship between NERC and BNSC and in particular
commented on the fact that “. . . The Director EO post is a dual NERC/BNSC appointment, and the Team
voiced its support for this arrangement, considering it an important mechanism for achieving a successful
BNSC partnership and enabling fulfilment of NERC’s major scientific and funding responsibilities . . .”

35. Within the BNSC partnership, NERC leads on EO-related scientific activities through contributing
to a global observing system, mainly via its subscription to ESA, supporting scientific research in areas such
as climate change and prediction, one of the UK government’s priority areas, along with other areas of
public interest and benefit.

36. A key example is CryoSat, the first ESA Earth Explorer Opportunity Mission to be selected, which
will be launched in spring 200954. Themission is led by Professor DuncanWingham fromUniversity College
London and is closely linked to NERC’s Centre for Polar Observation and Modelling (CPOM). CryoSat

53 For further details on the BNSC partnership see http://www.bnsc.gov.uk/default.aspx?nid%3193.
54 The original launch date for the Cryosat mission was October 2005. Due to an anomaly at launch the mission was lost. ESA’s
Programme Board for EO decided to rebuild the mission, strongly supported by the scientific community and international
organisations, clearly emphasising the scientific and public value of such a unique mission.
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will be the first satellite designed specifically to map ice thickness. A sophisticated radar instrument will
determine variations in the thickness of the Earth’s continental ice sheets and marine ice cover—to an
accuracy of a few centimetres. Its primary objective is to test the prediction of thinning arctic ice due to
global warming, which could change the climate of the Arctic and possibly other regions. In addition, it is
important to understand the extent to which the Antarctic and Greenland ice sheets have contributed to the
global rise in sea level.

37. Also, scientists from the NERC’s Centre for the Observation and Modelling of Earthquakes and
Tectonics (COMET) and the Geological Survey of Iran have carried out substantial research into the cause
of the devastation caused by the Bam earthquake. The magnitude 6.5 earthquake on 26 December 2003
destroyed the town of Bam in southern Iran and killed more than 26,000 people. COMET scientists have
demonstrated (andwere involved in developing this technique using radar data fromESA’s Envisat satellite)
that interferograms, maps showing the deformation of the Earth’s surface, can be used to measure the small
rates of strain accumulation that occur between earthquakes.Measurements of slowmovements in the years
immediately following large earthquakes provide information about the mechanical properties of the crust
and uppermost mantle. The techniques developed and work carried out by COMET support the
improvement of predictions for and thus prevention of further such natural disasters. This workwas selected
as a Top Science Achievement of NERC funded research in 2005.

October 2006

Memorandum 37

Submission from Anna Lamond

I am a fifth yearmedical student at the University of Liverpool, currently undertaking an intercalated BSc
atKing’s College London, in Aerospace Physiology. I have been interested in spacemedicine formany years
and have attended theUKSpaceMedicine Conference for the last three years. In September 2005 I attended
a four week placement working with NASA at the Kennedy Space Center in Florida to learn more about
space medicine. I, along with many other medical students, am interested in pursuing a career in this field,
and ask for the UK government to recognise the enthusiastic interest amongst the medical student and
health professional community.

October 2006

Memorandum 38

Submission from Klaus Becher, Managing Partner, Knowledge & Analysis LLP

Executive Summary

In addition to promoting science and innovation, UK space policy also needs to respond to the increasing
operational importance of various services and applications that are enabled by communications,
navigation and observation satellites in space for the successful delivery of UK policy objectives across a
wide range of Government departments and other public bodies. If this new dimension is not adequately
reflected in the way space-related activities are conducted and coordinated, Government risks missing
valuable opportunities for leadership in innovation and good governance, endangers its prosperity and
competitiveness targets and is unlikely to derive best value for money in its use of space applications.

1. This submission responds to the Committee’s call for written evidence on the delivery of public benefits
from the space-related activities of diVerent Government departments and the co-ordination of these
activities. It presents preliminary results of an ongoing study conducted by Knowledge & Analysis for the
space industry association UK Space (formerly UKISC) to give a fresh look at the importance of space
applications for government’s ability to deliver its policy objectives.

2. UK space policy has been successful in adopting a user-driven applications focus earlier than other
countries. Generally speaking, however, science and the private sector have been regarded as the users of
space, whilst Government itself has not. This particular approach, as reflected in current UK civil space
strategy documents, is increasingly out of step with the practical adoption of space-enabled applications as
tools of governance.

3. In three areas, space technology has now moved from the sphere of early research, technology
development and isolated specialist applications to widespread, routine operational use: communications,
navigation (positioning and timing) and earth observation, including weather monitoring. A rough analogy
can be drawn to the state of computing and information technology two decades ago. As in IT at that time,
Government faces the challenge to incorporate revolutionary new technological capabilities productively in
its workings. As in IT at that time, it is not easy to fully grasp the opportunities in a fast-moving technology
environment. The growing role of technology for government reaches far beyond the issue of space. It is
significant that the e-Governance Unit has fast become the biggest unit in the Cabinet OYce. The scope of
responsibilities in this field is large, and they are highly important for the nature and quality of governance.
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4. Tools that depend on space technology are increasingly becoming mission-critical for a substantial
number of government departments and public bodies beyond the members of the BNSC partnership. For
example in international development, sharing space benefits with African nations for telecommunication,
agriculture, water management and security is a necessary element of the Government’s commitment to
eliminating extreme poverty. A wide range of safety and security priorities require space-enabled
approaches, including transport security, flood protection, intelligent traYc management and critical
infrastructure resilience. In climate-change policy, continuous measurements from space are a key enabler
for driving theUK’s policy agenda forward internationally and keeping track of worldwide implementation.
Government cannot anymore do its job properly without space, but awareness of this fact is still not
suYciently established.

5. Just to illustrate the situation: We already cannot anymore imagine meteorological services without
constant global measurements and real-time weather pictures. We have come to assume that eVortless,
reliable, secure, round-the-clock, instant communication exists with all points onEarth.We expect accurate,
up-to-date, rich mapping information to be available for all parts of the world, even for countries without
functioning public administration. We increasingly demand that our security services know with a high
degree of certainty and accuracy about potentially threatening clandestine activities in distant states and are
able to respond to crises early and eVectively enough to prevent armed conflict.

6. None of these expectations can be fulfilled without systematic recourse to satellites, though of course
space is only part of the answer to some of them. In an age when everybody enjoys free access to services like
Google Earth and even al-Qaida terrorists are known to useGPS formapping their targets, governments are
expected to have superior geo-referenced information at their disposal and use it to inform their decisions.

7. The UK Government as a whole has a stake in assuring government communications, including in
emergency situations. Satellite communication operates without costly ground infrastructure and is less
vulnerable than terrestrial networks. It can provide a backup communications infrastructure in support of
national resilience. Resilience also requires assured availability of universal timing signals from navigation
satellites, critical for the functionality of other infrastructure networks from power grids to mobile phones
and financial markets.

8. In the Cabinet OYce’s vision of transformational government, with secure, shared access to data
across government, at home as well as from posts abroad, government communications requirements will
be formidable, and by necessity reliant on space communication for some functions.

9. With complementary visions of e-government, e-democracy and e-voting, assuring a secure national
satellite communications infrastructure looks like a necessity if remote parts of the UK and citizens abroad
are to be included. Satellites are the only way to achieve controlled, secure, single-hop instant worldwide
communications.

10. Uniquely, space technology also reaches remote and uninviting territories, the seas and the airspace
above. Mobile broadband communication via space opens the way to safety measures such as live CCTV
monitoring of passenger aircraft from the ground, and resilient nationwide traYc automation. On the
strategic level, the global reach of unencrypted direct-to-home satellite broadcasting without interfering
state censorship plays a central role in public diplomacy to promote international understanding and
security, as witnessed by the recent introduction of the BBCWorld Service’s Arabic satellite TV programme.

11. Closer to home, the Welsh Assembly Government has identified satellite communication as the only
way to include all parts of Wales in broadband services. The Government’s commitment to nationwide
digital inclusion will require a space component based on cutting edge SATCOM technology, in spite of the
misperception that satellite broadcasting and freeview don’t mix and the more recent myth that DVB-T is
the best way to deliver HDTV digital broadcast.

12. A technology-neutral approach for telecommunications servicesmakes sense as long as only themain
population centres in the UK are concerned and as long as no disruption of critical infrastructure on the
ground is assumed. For inclusion of remote parts of the nation and above all for global connectivity, space-
supported communications solutions are an indispensable enabler.

13. In Earth Observation, only satellites can capture large-scale phenomena such as weather systems,
ocean currents, variations in sea levels or soil humidity. They are also unique as legitimate tools for global
information gathering without the need for prior consent and knowledge by other countries.

14. Government needs to better understand its direct interest in assuring that these space-enabled
solutions, some of them mission-critical for government as a whole, will be available when they are needed.
There appears to be amisguided assumption that satellite communications, imagery and navigation systems
are market commodities that can be regarded as given. This is to some extent true for communications,
though commercial demand alone is unlikely to provide enough spare capacity to satisfy the world’s
governments’ requirements reliably on the cheap in bandwidth spot markets. In navigation and earth
observation, there is no viable upstream commercial market without government engagement, both as
provider of development investment and as main customer.
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15. While the UK can claim leadership in the development of successful public-private cooperation
schemes to leverage the innovation dynamics in the commercial sector, it is important to realise that
government is the main customer for industry in many commercial applications of advanced technology.
Government cannot rely that the commercial sector will provide the required technology without sustained
public sector demand.

16. Organising joined-up government better for the operational use of space-enabled applications for
governance in the role of informed lead customer of the UK space industry is therefore a precondition for
achieving the competitiveness, innovation and prosperity goals of UK space policy. However, space is still
mostly seen as a matter for science and research. The operational use of space is a new dimension that needs
to be worked into the fabric of Government.

17. Interested departments face the absence of established budget provisions for operational expenditure
on space-application services such as advanced image data fusion and systematic change detection. In
defence and homeland security, the novelty of the space dimension creates the risk of it being crowded out
by more traditional pursuits in spite of its core role in establishing network-enabled capabilities. The recent
diYcult and inadequate process of drumming up funds for important collaborative programmes such as
GMES or ARTES, both with potential practical benefits beyond their science and technology development
role, further highlights the need for a review of practices.

18. There is an important linkage betweenGovernment’s operational need for space-enabled services and
its investment in space technology. This is well known in defence, and also applies to space in a similar way.
Space is far from being a thing of the past. Technology development continues at a rapid pace, and
Government’s needs will grow as new technical opportunities are developed.

19. It would be short-sighted to define Government’s operational requirements for space-enabled
services in terms of today’s deployed technology, such as the current range of geostationary communications
platforms or the current generation of Navstar GPS. Communications satellites, satellite navigation
constellations and imaging from space are all likely to be transformed almost beyond recognition fromwhat
we now believe to be state of the art within the next decades. Worldwide mobile on-the-move broadband
satellite communications is already becoming an aVordable reality that is bound to revolutionise the way
the world does business, as well as public expectations of government services.

20. Space engineering faces unique weight and size restrictions, energy constraints, extreme
environmental conditions and highly challenging sensor and data transmission requirements. These have
consistently worked as key drivers for broader technology innovation and continue to play a central role in
the further advancement of information and communications technology as well as new materials.

21. Space applications often rely onmore than one class of space assets. Integrated devices that use global
positioning and timing information from space as well as communication via space have become standard
equipment in maritime search and rescue, container tracking for shipping safety and asset management.
Services that integrate geo-observation, navigation and communication from space all in one, such as the
real-time mobile networked information systems are being introduced in various security forces.

22. The strength of some of the most powerful space applications results from the ability to fuse space-
derived data with information from other sources, or from hybrid systems that combine satellite links with
terrestrial cable and wireless networks as required, in a way that is transparent to the user. Users are often
not even aware of the space contribution to the service. There is also the risk that such value-adding space
linkages are missed in the allocation of public funds for innovation, since space is generally seen as falling
into a category of its own.

23. The UK seems to be lagging behind in its adoption and use of such integrated, space-enhanced
services. For example, while geographic information systems (GIS) have been widely adopted in
government for a variety of uses, there has so far been very little use of space imagery (optical, radar and
hyperspectral) for data fusion, enhanced feature recognition and change detection. One plausible
explanation for the weak take-up is the lack of central guidance on the use of space services in government.

24. The relative influence of any nation on the international system, and prospects for deriving enhanced
national prosperity gains within this system depend to an increasing degree on technological leadership,
including the ability to anticipate and shape new technologies and their applications. This is particularly
relevant to the UK not just for competitiveness and wealth creation but also for the successful pursuit of
policy priorities such as climate change, sustainable development, global inclusion, security of commerce
and transportation, counterterrorism, conflict prevention and defence.

25. More work is needed to investigate the emerging needs and requirements for space-enabled services
in pursuit of UK public-policy objectives. The number of actors involved is potentially huge and spans
across most parts of government. Much speaks in favour of a cabinet-level review of UK space policy that
incorporates this new dimension of practical government dependence on space applications, and also
integrates the UK’s hitherto strictly separate civil and defence space eVorts under a coherent, joined-up
national space strategy.
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26. It is recommended that the Committee examines the important role the OYce of Science and
Innovation can play in such a context for moving science to applications and enabling Government as a
whole to adopt the innovative operational services that are enabled by communication, navigation and
observation satellites.

27. In addition, some important policy questions must be answered: Should practical applications such
as geographic information systems, climate monitoring or ocean surveillance be run in-house by the
responsible government departments? Should they be left to science institutions such as NERC’s new
National Centre for Earth Observation? Or would it be better in terms of value generation and operational
eYciency to work with private-sector contractors in a structured, long-term relationship? The latter
approach has a particularly good tradition in the UK.

28. Uncoordinated, dispersed in-house capacity building in a wide variety of public bodies would have
to be expected as space applications are more and more adopted in day-to-day government work. GIS
systems, for example, are directly relevant to mapping, planning, land use surveillance, forest management,
coastal protection and many more dispersed areas of responsibility. However, this can result in wasteful
duplication and weaken industrial competitiveness. Running operational services in science institutions can
limit their practical adoption and relevance, eg in crisis management, as well as their commercial
exploitation. Reliance on private contactors can pose problems as companies come and go.

29. New questions also arise on the European level. In the EU and ESA, it would naturally fall to the
UK to act as driver for practical applications and value for money. In fact, though, there is a widespread
perception abroad that the UK has no national space policy at all and is only reactive. A lack of strategic
guidance for UK space policy and the pronounced separation of civil and defence space eVorts have both
contributed to limiting the UK’s role on the European level.

30. In stark contrast, French President Chirac renewed his country’s commitment to space as a “grand
European project” earlier this year. TheUK can only gain fromputting this political oVer to use by injecting
UK values and strengths in a shared eVort to build up practically useful space capabilities. The key to
increased influence in European space, where most of the UK’s space investment is spent, lies in the
combination of world-class science and technology with top-level awareness of the strategic importance
of space.

31. Taking such an approach would open up opportunities to achieve improved leverage of ESA and EU
space spending, including GMES and Galileo, for the UK’s practical innovation and capacity-building
across government as a whole, including security and defence. A stronger political commitment to space
would also increase the UK’s chances to shape the rules and priorities of European space policy. For
example, it could then work more eVectively toward allowing a competitive space-industry sector to exist in
Europewith less transatlantic and intra-European protectionism. It could also augment aUK-led European
security and defence policy, integrated with NATO but able to act independently, with the space dimension
that will be required for network-enabled capabilities.

32. The dual-use nature of space technology and the strategic advantages its control oVers to space-faring
nations demand such an inclusive approach to space policy that views civil and security space as two sides
of the same coin, at least for the purpose of identifying objectives and priorities. This dual nature also poses
a constant challenge to the direction of space technology activities. In the interest of eYciency gains, it would
better be approached openly than ignored.

About the submitter

Klaus Becher directs the international security and technology consultancy Knowledge & Analysis LLP
in Richmond, Surrey. He was Associate Director at Wilton Park and headed the European Security
Programme of the International Institute for Strategic Studies. He has been involved in policy analysis and
advice on space issues since 1989. For example, in 2004 he co-chaired the AIAA working group on
international cooperation in space exploration.Hemoved to theUK fromGermany in 1999.His application
for British citizenship has recently been accepted. He holds a MA degree in political science from the
University of Bonn.
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Memorandum 39

Submission from the Royal Astronomical Society (RAS)

Summary

— The community represented by the RAS and the country as a whole benefit from a strong
involvement in high-quality space missions in astronomy, solar-terrestrial relations, geophysics
and planetary science provided these are properly tensioned against ground-based facilities. These
missions must be chosen on scientific grounds.
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— Research Councils must provide the appropriate balance in their programmes between the
implementation of space missions and the underlying science, such as theory, through which the
investment in themissions can be fully exploited and between the subscription in the Space Science
Programme in ESA and the national exploitation through the contribution of instrumentation.

— These missions need not be delivered solely through ESA, although our membership of ESA is
extremely important.

— TheUKneeds to have a strong voice in ESA, CoSPARand at theUN inmatters concerning space.

— The UK voice on space will be heard best within the UK if academia and industry are well
coordinated. This is not the case at present.

— The training and development of space scientists and engineers often takes place in universities
with space science or astronomy research programmes and this training should be fostered at the
BNSC level.

— Better alignment between the industrial aspirations and the scientific objectives must be sought.
Other countries, notably France, excel at this and thereby benefit much more from ESA than
we do.

— To achieve this coordination, BNSC should be advised by an independent UK Space Council.

— The current format of BNSC is not serving the needs of the country nor the space community.

— More (good) publicity for our space science, astronomy, Earth-observation and planetary science
research would be welcome. The public are deeply interested in space and it is a major attractor
for young people into the physical sciences.

The Royal Astronomical Society (RAS) is the UK’s leading professional body for astronomy and
astrophysics, geophysics, solar and solar-terrestrial physics, and planetary sciences. The Society believes
that access to space is fundamentally important for the pursuit of scientific research in these disciplines,
coordinated by the relevant Research Councils with other techniques. Conversely the Society also believes
that the pursuit of scientific research into space develops human capital and technological capability—the
skills base that helps drive the UK space industry. From this position of experience, future interest and
participation in the business of the nation, the RAS welcomes the opportunity to contribute evidence and
ideas to the Inquiry into UK Space Policy.

1. The main concerns of the Society are not immediately with the levels of investment in UK space
activities but with the poor level of coordination and eVectiveness of the current policy. Some structural
changes should be eVected to improve this prior to the discussion of increased investment. The opportunity
should be taken to stimulate small companies in the space sector as crucibles of innovation and coordinate
the training of young engineers and scientists to work in this exciting and valuable field.

2. The RAS recognises the importance of space as a scientific platform and is pleased with the position
of the UK scientific community on this frontier of research. It is absolutely essential, if we are both to
maintain our leading position and to reap the benefit of the considerable investment made in scientific space
missions by the Research Councils and other public bodies, that the skill base in the universities is
maintained to exploit the missions fully. This means maintaining not only data analysis and interpretation
groups, but also groups of theorists, computing facilities and networks of other scientific disciplines.
Scientific space missions are not just or mainly about producing data, they are about producing scientific
understanding in the heads of scientists. This means that the Research Councils and other bodies must
maintain the appropriately high level of support for scientific exploitation even if this is, for clarity of
financial management, separated from the support identified for each scientific space project. There is a
danger of attrition of scientific capability in the universities.

3. A crucial issue in managing space science missions is to strike a balance in funding between building
new missions and exploitation of current missions. This is a major problem because short-term financial
pressures bear more heavily on current missions. Managers have limited scope to cut missions being built
as these are usually subject of long-term international agreements. There are always more options to cut the
scientific operation and exploitation of existing missions and these can result in under-exploitation of
scientific assets in which the taxpayer has invested much money. This is another issue recognised by the
International Review of UKPhysics andAstronomy. Their report states that “it is imperative to ensure that
the funding agencies maintain a healthy balance between the large investments in international facilities and
funds spent nationally for exploitation of these opportunities. . .”.

4. Space platforms are increasingly important for studies of the physics of the Earth. This is an area of
science in which NERC is the primary funding agency and in whichmanyUK scientists play internationally
leading roles. One key area of UK scientific leadership is the study of the interior of the Earth and especially
of its magnetic field. Other important areas include climate change and the study of natural hazards and
their alleviation. These areas are also of great practical importance for the future of humankind and thus
are vital areas for knowledge transfer to policy-makers and industry. It should be recognised that a proper
scientific understanding of our environment has the potential to provide significant economic benefits by
enabling long-term policies that reduce the costs of environmental damage and natural disasters. The RAS
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welcomes UK participation in relevant space programmes such as the ESA Earth Observation programme
and the joint EU/ESA programme on Global Monitoring for Environment and Security (GMES). It is
important that UK scientists have the resources to make a world-class contribution to these programmes.

5. The space industry is also an important revenue earner for the UK and space in general is a subject of
strong public interest, often being the attractor of young people into the physical sciences as a career. No
one can seriously doubt the importance of space to daily life as more of our telecommunications,
entertainment and transport depends upon an often hidden space link. The fact that the European
Commission is taking an interest in the programme of ESA and its implementation indicates the importance
and high profile of these trans-national activities.

6. That the UK is a strong player in the use of space for scientific purposes can be justified by simple
metrics. Over the past few decades UK academics have been principal investigators in many space missions
within ESA and other space agencies, in excess of our pro rata share based on funding. The level of scientific
output in published papers from the UK is also very high compared to other nations. These achievements
are in contrast to the level of per capita spending on space science compared to our competitors but the static
level of the space budget is beginning to seriously erode this position of strength. It is particularly
disappointing that the UK no longer takes its membership of CoSPAR seriously enough to send
representatives to the major assemblies concerned with space science.

7. The issue of UK competitiveness is only partially determined by the level of investment. As outlined
above, the UK has notable strengths in space science and space instrument design. It also has important
industrial assets in space, for example Astrium UK, a space prime contractor, and SSTL, a major producer
of small satellites. The coordination of academic and industrial policy is very poor and this is the area where
improvements in structure and objectives could materially boost our competitiveness. The RAS oVers three
suggestions:

(a) BNSC is advised by a UK Space Board, formerly the BNSC Resources Board, composed of
representatives from its major partners, and by aUK Space Advisory Council, formerly the Space
Strategy Council, dominated by the 11 BNSC partners with modest independent membership.
Their functioning is neither transparent nor vigorous. Both should be replaced by an independent
UK Space Council with representatives nominated by Academia, Industry, Research Councils,
Government and relevant Learned Societies. This should be modelled on the US National
Academy of Sciences’ Space Studies Board, which oversees the NASA programme. With a
completely independent chair, it should advise the DGBNSC onUK space policy, provide annual
assessments of progress toward objectives and report directly to the appropriate minister. Issues
such as levels of investment, UK policy on Human Spaceflight, and the strategic provision of
trained manpower would all be better debated within an independent framework and this would
strengthen the authority of the BNSC in the eyes of the space community. It should not be the duty
of the Space Council to choose space missions or interfere in the processes within agencies who
work in space. However an independent body with an overview of the country’s space portfolio
would be able to point out lacunae and bad practice as well as celebrating successes and reporting
independently to ministers.

(b) The UK’s programme of space technology development is fragmented, with its component parts
guarded as independent territories. As a result there is too little interaction between the space-
relevant communities. Some government body, it could be the BNSC, should have a central budget
for innovation in space technology. Other countries are far in advance of us in deciding which area
of space technology they will pursue, developing support for this in academia and SME’s and
negotiating access to European programmes relevant to the agreed objective. The encouragement
of SME’s in the space sector is vital if the UK is to develop its technical capabilities and remain a
world provider of space hardware.

(c) Likewise the UK’s programme of space education is uncoordinated. SME’s are the most able
components of industry to engage in knowledge transfer with universities and institutes as ameans
of stimulating the flow of creativity. The space industry in general has need of trained personnel in
both engineering and science but this need is not articulated at the national level nor is its provision
coordinated and the output maximised in any way. It is left to the initiative of individual
universities to develop and maintain the relevant courses. The fact that there is no central agency
active in promoting training and innovation in space may account for our declining position in
space aVairs.

8. TheBritishNational Space Centre is a strange construct compared to space agencies in other countries.
Having no independent budget and therefore no central space programme, it can only follow the desires of
others. Since its foundation, it has provided an improved level of policy presentation at ESA Council
compared to the vacuum that existed before 1985 and it has overseen the presentation of space aVairs to
government. In recent times BNSC has taken a much more active role in publicising UK space activities
which has been welcomed. More would be good for the country—the public are deeply interested in space
and it is a major attractor for young people into the physical sciences.
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9. Unfortunately BNSC has not eVectively coordinated the various sectors of the space community, it
has not forged a distinctive policy on technological development and its actions have obstructed innovation
from the grass roots on several occasions. Much of this has been a result of its structure and reporting lines
but the failure of BNSC to lead the space community has had a deadening eVect on our world position.
Many opportunities have been lost.

10. The solution to the structural problem of the BNSC has to be taken on by those fully aware of the
conflicting requirements. The lack of any independent Space Council makes it especially diYcult to
formulate an informed and eVective proposal. It is the view of the RAS that the current format is not serving
the needs of the country nor the space community. Themerger between CCLRC and PPARC into the Large
Facilities Council may provide the opportunity to reform BNSC into a new, technically-aware guiding
structure for space in theUK, possibly an independentUKSpaceAgency. Its form and its relationships with
other bodies such as NERC should be carefully considered by the newly reconstituted UK Space Council as
one of its first tasks. The RAS would welcome participation in any discussions of this possibility.

11. The European Space Agency is our primary route to space. ESA provides the mechanism by which
the UK can participate in missions quite beyond our individual capability to aVord or execute. More often
than our proportional share, these missions are led by the UK intellectually and are directly in support of
PPARC or NERC scientific strategy. The advantage of participating fully in ESA is that we have a place at
the policy table and are active in selecting the missions it carries out, as in the current debate on ESA’s
Cosmic Vision programme for 2015–25. However, the growing financial inability of UK scientists to play
a full role in new ESA projects was recognised by the 2005 International Review of UK Physics and
Astronomy (sponsored by RAS, IoP, PPARC and EPSRC). The report of this independent review states
that “There are recent examples where themoney invested in ESAprogrammes has not been fully capitalised
because it has not always been possible to support an instrument programme commensurate with the UK
subscription.” Our space scientists find it galling when their scientific leadership is recognised in Europe as
they participate in defining missions in ESA but subsequently undermined nationally by lack of full support
to participate.

12. Occasional bi-lateral missions, for example with theUS, Japan, India and China are in the short-term
good value for money as we do not pay launch or platform costs. However these are ad hoc opportunities
since we play no part in deciding which missions are selected. The UK will continue to benefit in the long-
term by focusing its space requirements on ESA but allowing itself the freedom to engage in relevant bi-
lateral missions when they arise.

13. The cost-eVectiveness of ESA has often been questioned. Space is an expensive business and should
only be chosen as a mechanism for programme delivery when it is essential. EVorts were made in ESA to
reduce the cost targets for mission in the 1990s and this may have been beneficial in halting an unhelpful
rise inmission costs. TheUKhas undertaken a very low cost approach to onemission in recent years (Beagle
2). As the Committee’s own earlier inquiry showed, it was a failure, and it was poorly managed overall as
a national project. The UK’s authority on this issue is therefore not high. The two components that might
be investigated are the internal costs within ESA, how they are budgeted and deployed, and themission costs
in European industry. The internal costs are in part bound-up with various long-term practices shared with
other international organisations and unpicking these would need high level support. Mission costs in
industry are influenced by ESA reporting policies and it would take a very detailed study to be confident
that any downward revisions would not produce an unacceptable risk. The fact is that space missions are
becoming more and more ambitious and cost more to achieve. The only realistic way of assessing whether
ESA is more costly than necessary is to compare it with another agency like NASA, again a complex task
if the outcome is to carry authority.

14. The Society, representing as it does the majority of UK scientists active in space, believes that
scientific judgements must remain paramount in selecting science missions to support. This applies within
the ESA framework and in UK research councils. It is recognised that other criteria can be important at
the national level and the RAS looks to other organisations to make the case for industrial return or public
engagement, for example. Where programmes are chosen because they represent major opportunities
outside science, then the UK science budget should only be asked to shoulder an appropriate proportion of
the costs. This would need discussion at national level. The impending Aurora programme may be a case
in point.

15. The UK has had a distinguished history in space and we are playing our part as an eVective member
of ESA. Revised structures and policies could substantially improve our competitiveness and industrial
return. It is imperative that the coordination of the UK space sector is improved and long-term issues such
as training and technological objectives are properly addressed before a convincing case formore investment
can be made, although the RAS believes that a proposal for more funding will then be compelling.

October 2006
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Memorandum 40

Submission from Dr Benjamin Marriage

I wish to register my interest and support for the UK governmental support of a UK-based space-related
research and human space exploration program.

1. Whilst there seems to be encouraging opportunities for British citizens to be involved in space-related
teaching and research at undergraduate level, at present there remains a disappointing absence of
opportunities to forward and extend this important skills base at post-graduate level. My personal
experience to date includes:

2. Aerospace Physiology BSc degree; as an undergraduate degree, this really provides the knowledge base
for interested individuals and always contains a research project. Our principle investigationwas researching
the eVects of hypoxia and the eYcacy of diVerent oxygen delivery systems at maintaining alveolar oxygen
tensions. The science and data yielded from such investigations for example could be used to advance British
based technologies to develop novel oxygen delivery systems which would be of huge financial benefit to the
National Health Service. Unfortunately, no post-graduate opportunities exist to conduct this research, so
we are unable to provide the intelligence for novel medical technologies and rely on overseas technology.
At a scientific level, a further understanding of hypoxia and its eVects, which not only has implications for
human space exploration, is hugely relevant to such a vast array of medical diseases that we encounter on
a daily basis.

3. European Space Agency (ESA) Student Parabolic Flight Campaign: the only opportunities for UK
based students are the outreach programs run by ESA. Our team investigated the eVectiveness of a new
technique of cardiopulmonary resuscitation (CPR) in microgravity. This is such a fundamental skill within
the medical field and an important consideration for the safety of human space exploration.

4. ESA Student Space Medicine Conference: I was involved with two research ideas to develop
countermeasures for microgravity-induced disuse osteoporosis and muscle atrophy which had spin-oV

implications for Earth-based populations. This is a huge area that can be mutually beneficial for advancing
understanding of human spaceflight andwith practical science advantages which are applicable immediately
here on Earth eg preventing hip fractures or bone/muscle wasting in neurological disease.

5. UK Space Medicine Association Conference: These conferences have dramatically grown in
popularity over the last few years and it is remarkable how much interest and how many health care
professionals and researchers with an interest in space medicine there are despite the lack of opportunities
available. There is a pre-existing UK skills base which is ever increasing.

6. In summary, the UK has already built a rapidly growing skills base of health professionals and
researchers with an interest in space medicine from the pre-existing under-graduate opportunities but in the
current climate we are not utilizing this resource to its full advantage because of the lack of opportunities
in theUK. The vast benefits of human space exploration in terms of fundamental scientific return to theUK
would be large and a UK-led human space flight and synchronous space research program would get my
full support.

October 2006

Memorandum 41

Submission from Intellect

Executive Summary

1. Space is a critical element of the knowledge infrastructure that underpins the knowledge economy. The
UK has an enviable record of achievement in developing and using space, and this is facilitated by
involvement in all aspects of space applications from satellite to end user. When the value chain in a market
is radically changing, a country that is involved in all parts of the value chain has a better chance of adapting
to those changes. Involvement in all parts of the value chain also underpins an informed regulatory
environment, which is crucial for continued success of UK space services such as broadcasting and
telecommunications.

Introduction

2. The UK’s hi-tech sectors make an amazing contribution to our lives. Intellect’s membership is made
up of the leading players in these sectors as well as many smaller hi-tech companies that help to maximise
this contribution. Intellect represents these sectors with government, regulators, customers and consumers,
creating an environment where technology transforms. Intellect works in three significant areas: helping
member companies to be top performers; providing insights into members’ markets and supply chains—
and shaping them for the better where we can; and working with government and regulators to create the
most favourable business environment. Intellect therefore very much welcomes this opportunity to provide
inputs to the Select Committee’s inquiry into one of the most knowledge-intensive sectors in today’s
economy—space.
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3. Intellect is aware of some of the inputs that the Select Committee will receive from our sister trade
associations, in particular from UKspace. We shall try to avoid duplicating that evidence, and instead
present evidence based on the perspective of our members, who largely address the “down-stream”, or user
end, of the space market. The evidence below makes a few general points then turns to the specific issues
identified in the Select Committee’s invitation for written evidence.

Importance of End-to-end Competence

4. The UK is fortunate in that we are active in all “key aspects” of the most important space applications
that have export potential. By “key aspects” we mean all domains involved in research, development,
deployment, system operation, service provision and exploitation. Involvement in all parts of this end-to-
end chain between space infrastructure and end-user is crucial when the value chain of the sector is
undergoing rapid change, which is the case in several important space applications.

5. Changes in at least some of the value chains are easy to spot. Satellite TV competes against terrestrial
TV on cable, telephone lines, VHF/UHF radio, even via mobile telephones. For the UK to remain globally
competitive, UK regulators must have access to in-depth expertise in all of these technologies. And UK
companies active in the sector must understand all these technologies if they are to compete at home and
abroad. For example if new satellite technology is about to be deployed that drastically cuts the cost of TV
reception, it would be imprudent for a TV operator to make large investments in a traditional technology.
So, to understand the business case for building TV relay masts (a traditional technology) requires an
understanding of the trends in the latest satellite technology.

6. Over the past 40 years, the UK has been quite good at keeping up with, in some cases even leading,
world trends in telecommunications and broadcasting, including their space variants.We attribute this hard
won success in no small part to the UK’s continued end-to-end involvement in satellite applications.

Public Sector Support

7. The public sector must provide the right regulatory environment—andwewill return to this important
topic below. But the public sector must also seek to ensure a level playing field. If our foreign competitors
are underpinned by large national funding, it will be diYcult for UK companies to remain competitive. The
space technology end of several spacemarkets is indeed in this situation.While government works to remove
these distortions to the market, the challenge is to provide focused support at modest levels that permits UK
industry to build sustainable and thriving business.

8. For the past 30 years, mostly through the European Space Agency, successive UK governments have
adopted this strategy—putting relatively small amounts of seed-corn funding into those technologies that
oVer the promise of changing the market. The evidence you will receive from UKspace will undoubtedly
mention examples for the telecommunications sector such as Inmarsat 4 and Skynet 5. As noted in H5, that
sector is still undergoing radical evolution, and so it is crucial that the government provides continuity of
this long-standing and successful policy. We hope that the 75% reduction in the funding for space
telecommunications support imposed in 2006 was a one-oV blip, and that funding levels will be restored to
previous levels in 2007.

Regulatory Issues

9. From the downstream industry perspective further activity is needed in the areas of market structure,
regulation and licensing. For example, new upstream capabilities in satellite communications are not always
made available to service providers by incumbent satellite operators. There is limited competition at the
satellite operator level and this can sometimes prevent the exploitation of new satellite technologies and
the delivery of advanced low-cost services to end users. The recent wave of consolidation among
communications satellite operators makes innovation at the wholesale level less, rather than more, likely in
the future. TheUKmust seek to create competition at thewholesale satellite capacity level in order to exploit
and grow our upstream capabilities and bring their full benefits to the downstream industry and end-users.

10. The recently announced HYLAS programme is a good example of how to create competition at the
wholesale capacity level by a start-up satellite operator utilizing next generation technology (and a UK
orbital slot and spectrum filing) to address specific market opportunities in a way that existing operators
appear to be unable or unwilling to contemplate. However, opportunities to create new satellite operators
are limited, not only by the capital required to create them, but also by the way that satellite orbital slots
and spectrum are managed. Orbital slots and spectrum rights are allocated to national administrations well
in advance of their potential exploitation and, due to the time it takes to develop a new satellite platform,
much can change in the market place between the genesis of a new concept and the launch of a commercial
service. To overcome this disconnect between upstream capabilities and downstream needs, it may be
necessary to explore other ways of bringing upstream capabilities to the downstream market, including
reviewing the international process for allocating orbital slots and possible regulation of the satellite
capacity market at the UK, European and global levels.



3553511041 Page Type [E] 12-07-07 01:53:05 Pag Table: COENEW PPSysB Unit: PAG1

Ev 212 Science and Technology Committee: Evidence

11. In addition, a licence to operate services in some countries is diYcult to acquire, even in some EU
states despite EC Directives mandating trans-EU licence equality and transparency. This means that UK
service providers can suVer inconsistent costs and delays when trying to oVer service across international
boundaries. This can result in contracts being lost due to operating licences being delayed or denied in some
countries. The current EUDirectives need proper enforcement, and theUK should seek appropriatemarket
liberalisation elsewhere through the WTO.

12. To help government users and UK enterprises exploit space and fulfil its wider policy objectives the
UK should seek to align its regulatory approach to support its strategic development, rather than hinder it
as sometimes appears to be the case now. For example, Ofcom’s management of UK spectrum use is
becoming veryUK-centric in that the wider policy implications and international dimensions of existing and
new satellite services do not appear to be taken into adequate account when planning future spectrumusage.
Specific examples include:

— Ofcom is seeking to allow new terrestrial services to encroach on the existing receive C-band
transmission band which will restrict the introduction of new earth stations and potentially cause
interference into existing links. This is the prime band for global connectivity and could jeopardise
the UK links to other countries, in particular in Africa where satellites in this band provide the
only available telecommunications link between the UK and many of the poorer countries.

— Ofcom is planning to use an unwieldy clearancemechanism for temporary transportable terminals
in the internationally designated exclusive satellite bands (eg 14-14.25GHz) for VSAT services.
This would represent an additional burden for new players seeking to support the security and
emergency services with new capabilities.

— Ofcom requiring clearance (SATCLEAR) and registration of VSAT terminals for satellite
broadband and similar services in the UK—no such registration is required in some other parts
of Europe.

— Ofcom is proposing a massive increase in satellite earth station licence fees (at least three-fold for
most permanent Earth stations) and this will have a detrimental eVect on business cases for
satellite services.

Impact of Investment on Competitiveness

13. The UK is a world class player in satellite communications and broadcasting. It is home to a host of
world leading satellite communication service providers meeting the needs of consumers, enterprises,
international corporations and governments. As explained in H5 and H8, this healthy situation requires
continued modest government funding to counteract the global market failures.

14. A similar situation prevails in the other twomain application sectors: positioning and remote sensing.

15. In positioning, the USA government provides global infrastructure enabling users with relatively low
cost equipment (from '£100) to determine their location free of user charges—the Global Positioning
Satellite (GPS) system.Usage of GPS has exploded across the globe, with tens of millions of cars andmobile
phones now GPS-enabled. While our economy and society become increasingly dependent on GPS, the
European Union and member states have rightly decided to invest in complementary infrastructure—the
Galileo programme—to avoid total dependence on a single piece of infrastructure controlled by a foreign
government. So long as GPS is financed by the USA government and does not require payment at the point
of use, Galileo will require similar financial underpinning fromEuropean governments. Thankfully, the cost
of Galileo is proving to be much less than GPS was.

16. Remote sensing has been growing slowly for 30 years as an application, but has not shown signs of
taking oV in the way that satellite telecommunications, broadcasting and positioning have. Outside the
military domain, the main operational application of remote sensing has been for weather forecasting.
Satellites have proved to be so cost eVective in providing the wide area and rapidly sampled data needed
by meteorologists that other forms of data gathering have been sharply reduced, thus reducing costs while
improving forecasts. By international agreement (driven by the USA), weather satellite data is made
available free of charge, thus destroying at a stroke the potential for a market to develop.

17. Other applications of remote sensing are important and even strategic. For example oil and gas
exploration relies on detailed and accurate maps of parts of the world that are often diYcult and/or
dangerous to access. Despite a few such exciting user communities, the great majority of remote sensing
applications address public sector requirements—monitoring agricultural policies, mapping flood waters,
analysing marine, land and air pollution, measuring ozone depletion, deforestation, illegal fires, unlicensed
building—the list goes on and on. The boundary between scientific analysis of these phenomena and their
operational application is blurred, not least because often the same organisations undertake both research
and operation. Furthermore, in many countries apparently commercial or research remote sensing
programmes have a covert military dimension. As a result of all of these factors, remote sensing data is
funded by amix of public sector infrastructure investment and user charges, making it impossible to develop
a clear market-driven value chain. UK public sector must accept its responsibility to pay its fair share in this
complex situation. If not, UK companies cannot hope to compete globally against foreign companies whose
governments do.
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Benefits and VFM of ESA

18. ESA has successfully kick-started the satellite telecommunications and weather satellite sectors in
Europe. More recently it has proved invaluable in kick-starting the satellite positioning sector in the light
of the relatively slow pace at which the European Commission moves from positive policy decision to
infrastructure deployment.

19. Industry has restructured and/or adapted its business practices to exploit the single Europeanmarket
in products. The single market in services is proving much harder to establish, and industry urges
government to strengthen its eVorts towards this end. ESA can assist the process by sponsoring European-
scale developments, but at the end of the day implementation of regulatory change across Europe is the key
to achieving a sustainable trans-Europe marketplace for space services.

Innovation and Knowledge Transfer

20. UK universities are recognised as having strong capabilities in many of the areas relevant to space.
There is a good heritage of university-industry interaction, in telecommunications, positioning and remote
sensing, which benefits both parties. A strong university capability in space topics is an important element
in the end-to-end expertise chain mentioned in H4 above.

21. One diYculty is that space is multi-disciplinary in nature. Activities are spread across research
councils, including PPARC and NERC, but also EPSRC and BBSRC. Industry encourages government to
find ways to work across research council boundaries in order to strengthen the academic community’s
ability to engage with new space opportunities.

Coordination Across Multiple Departments

22. The UK government expects user departments to make the case for investment in new European
space programmes.Many other countries give a space agency the authority tomake initial investments until
such time as the business case for the user department becomes clearer. The weakness in the UK approach
has been evident on several occasions in the last 15 years, and continues to be apparent in recent decisions
on Galileo and GMES.55 It is ironic for instance that the UK is keenest in Europe to introduce road user
charging but was seemingly reluctant to fund the extra Galileo costs (requested by ESA) that will facilitate
its introduction.

23. For the downstream sector (of most interest to the majority of Intellect members), UK involvement
in the upstream (usually ESA) part of a programme is crucial to giving UK companies access to the
exploitation phase of such programmes on a competitive basis. For example, in the Galileo programme,
strong UK involvement in the ESA part of Galileo has been a necessary condition for negotiating the
presence of the operating company in the UK, and hopefully of the political HQ (the Galileo Supervisory
Authority) in CardiV, and of preventing all of the security facilities being of French origin. UK companies
are now better placed to develop Galileo-related business than they would have been if the operating
company and the security facilities were French.

24. A similar scenario is emerging in the GMES programme, whereby the location of the Applications
Centres is being decided during the ESA phase of the programme, and thus being influenced by the relative
importance of each country’s level of participation in the ESA GMES programme. Long term wealth
creation under GMES will be facilitated by having the most appropriate Applications Centre(s) in the UK.

Research and the Skills Base

25. As noted in H19 above, the UK academic community has a strong heritage in space disciplines.
Furthermore, the evidence you will receive from UKspace will undoubtedly emphasise the very high
educational level of employees in the space business. These two factors underpin continued UK strength in
this important part of the ‘knowledge infrastructure’ that underpins themodern knowledge-based economy.

October 2006

55 GMES % Global Monitoring for Environment and Security.
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Memorandum 42

Submission from the Institution of Mechanical Engineers

Introduction

The Institution of Mechanical Engineers (IMechE) is a professional body representing around 75,000
professional engineers, working in all sectors of industry, including a growing number in space-related
industries. We welcome the opportunity to assist the work of the Committee by submitting evidence to
this inquiry.

1. The impact of current levels of investment on space-related activities on the UK’s international
competitiveness in this sector

1.1 Space is a high-value, high technology global industry and Britain a world leader in many aspects.
Jobs in the sector are highly skilled, and more than two thirds of the workers hold a university degree. The
industry generates about £4 billion a year for the British economy, representing an excellent rate of return
for the rather modest sums invested over recent years.

1.2 The global space sector is growing rapidly, as society becomes ever more reliant on space-based
technologies, eg for TV, mobile phones, weather forecasting and navigation, and as space-derived
information becomes ever more crucial, eg climate monitoring, disaster predication and relief. As the sector
grows, it is absolutely vital that UK government and industry investment also grows, or else we risk falling
far behind our international competitors.

1.3 To develop a high-tech, highly skilled economy that can compete in global markets, and play our full
part in tackling climate change and natural disasters, we need to sustain our support for, and take a leading
role in, programmes such as ARTES, GMES andGalileo. We are concerned that recent cuts in government
funding in some of these areas, along with the UK’s low position in the international league table of space-
related investment (as a proportion ofGDP), leaves us vulnerable to competition and risks undermining our
hard-earned market and political influence.

1.4 It is encouraging that industry turnover is showing strong growth and is now approaching £5 billion.
However, funding agencies have to be consistent in their funding with continuous support of long term
programmes.

2. The benefits and value for money obtained from participation in the European Space Agency and other
international programmes

2.1 We support UK participation in the European Space Agency (ESA) and other international
programmes, so long as they are focused on meeting clear, user-defined needs.

2.2 ESA provides a strong framework through which UK companies can develop successful businesses
and specialist capabilities, and investments made in it have seen excellent rates of return. Its benefits to the
UK include:

— Development and support of a world-class science and engineering base.

— Attracting science and engineering graduates into industry and academe.

— World leadership in specialist fields, eg environmental monitoring.

— Development of spin-oV technologies and industries.

— Access to global markets, eg through Galileo.

2.3 For the UK to derive maximum benefit from ESA and other international programmes, it must
engage fully, both in funding terms and in influencing the direction, planning and prioritising of future
programmes. With sustained participation in ESA, and other programmes, such as those through
EUMETSAT, valuable alliances and specialisms can be developed which will provide long lasting industrial
and political benefits.

2.4 ESA projects often provide the opportunity for upstream industry to develop ambitious technology
within a framework of managed risk not typical of the wider commercial space industry. Being at the
forefront of this type of technology development in the UK is crucial to maintaining our innovative
engineering capabilities. Products developed within ESA programmes have a proven track record of success
in wider engineering markets, further increasing the contribution to UK competitiveness.

2.5 ESAprogrammes have in recent years formed strong collaborations, especially within the science and
Earth Observation programmes, with emerging space markets. Forming strong relations with these
countries at this stage will aid access to these markets as they develop.

2.6 If the level of investment is insuYcient, or if the strategy for directing this investment is not clear
(making it diYcult for UK industry to aim for consistent involvement), then key capabilities may be lost.
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2.7 The funding route is also somewhat fragmented with several government agencies providing the
funding toESAprogrammes. Thismay lead to conflict (who should pick up the tab for a certain programme)
and a lack of a unified process of funding. This disparate spread of funding agencies perhaps reflects the
reach of the industry on diVerent areas of our lives but it also potentially leaves some programmes
susceptible to financial pressures from a wide range of other areas of government. The BNSC has perhaps
not been as eVective as it should in this role and a more centralised process would be beneficial for the UK.

3. The maximisation of commercial benefits and wealth creation from UK space-based technologies through
innovation and knowledge transfer

3.1 Global markets in space-based technologies are growing rapidly (10–15% per annum being typical)
and estimates put the overall size of that market at around $100 billion. It is vital that UK companies derive
the maximumpossible commercial benefits from this market. To do so, industry, academia and government
must work together to develop our world-leading expertise and innovation in specialist areas such as
telecoms, navigation and environmental monitoring.

3.2 The UK has a strong record of innovation and knowledge transfer as a direct result of participation
in European space programmes.Within the space industry there are notable examples such as small satellite
development, communication and navigational satellites as well as many examples of world leading
technology at subsystem or equipment level.

3.3 Technology transfer into wider industry is also evident with space technology being employed across
many high value terrestrial sectors from security and scientific research tomedical and industrial equipment.
The downstream benefits are also significant, as evidenced by the tremendous growth in revenue streams
that have been created as a result of space infrastructure.

4. The delivery of public benefits from the space-related activities of diVerent government departments
(eg Defra, MoD, DTI, DfT) and the co-ordination of these activities

4.1 The public benefits from space-related activities are numerous and expanding rapidly. They include
navigation, climate and other environmental monitoring, disaster monitoring and relief assistance,
communications, defence and security surveillance and broadcasting. They can be used to support areas of
government policy, eg road pricing, and can help to attract young people into science and engineering
courses and careers.

4.2 The British National Space Centre (BNSC) was established to co-ordinate public sector space
activities and act as a focus for UK involvement with ESA and other international programmes. While it
has generally been successful in this regard, there is scope for greater knowledge sharing and co-ordination,
not just within government but also involving industry. Such a partnership would help to more eVectively
co-ordinate responses to user-defined needs and opportunities, and help to spread the identification and
exploitation of space-based solutions into new areas of government.

4.3 BNSC provides a useful focus for some activities such as careers and as a gateway to government. It
has also, at times, been able to support development of new technology through its funding programmes.
It must, however, be seen tomanage such funding eVectively to give the best returns. It has not perhaps been
the unifying body that it could have been since the responsibility formany decisions still lies with themember
departments.

5. Support for space-related research and the UK Skills Base

5.1 The future success and prosperity ofUK space-related industry depends absolutely on the availability
of highly skilled scientists and engineers. Support, both in research funding and long-term policy
commitments, is needed to ensure the flow of people that industry needs.Whilst the bulk of the near-market
support should be in the specialist areas where UK already has strength (as defined in our answer to Q3),
it is important to adequately spread research funding across a broad spectrum of areas. This will allow the
UK to identify and exploit new opportunities in new areas where commercial, environmental and/or social
benefits can be obtained, while also oVering the most attractive range of opportunities for young people
considering a career in space technology.

5.2 Active and visible involvement in ambitious programmes in both industry and academia has the
potential to encourage future generations to consider careers (or at least gain increased awareness and
understanding) in science and engineering. There is still a perception that the UK isn’t involved in space to
the degree that it actually is, and so much of the work carried out in the industry is not noticed. The future
skills base is one of the biggest concerns within the industry and so should become a priority. The
development and support of education programmes could be improved at a comparatively modest cost.

October 2006
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Memorandum 43

Submission from the Ordnance Survey

1. Background

1.1 About Ordnance Survey

Ordnance Survey is the provider of definitive mapping data for England, Scotland andWales. We benefit
businesses, government organisations and consumers by supplying intelligent digital information and paper
maps based on one of the world’s most detailed geographic reference frameworks.

Ordnance Survey is a non-ministerial government department and Executive Agency, which since 1999
has operated as a Trading Fund within the public sector. Our Director General and Chief Executive is
oYcial adviser to the United Kingdom Government on all aspects of survey, mapping and geographic
information.

Ordnance Survey surveys and collects data on roads, buildings, postal and non-postal addresses,
boundaries, water courses, height and many other aspects of the natural and man-made landscape of
Britain. Although traditionally supplied to the user as paper maps, this data is now more usually supplied
as digital information, which can be readily analysed, manipulated and linked to other information. The
large-scale digital database of the surface of Britain is known as theNational Geographic Database (NGD),
from which the OSMasterMap@product is produced. The NGD is kept up to date on a daily basis with up
to 5,000 changes being made to the database each day. It forms a valuable resource for both private- and
public-sector organisations in this country, and an independent report published in 1999 estimated that
Ordnance Survey mapping underpinned £100 billion of economic activity.

Ordnance Survey has interest in two specific areas of space exploitation: Global Navigation Satellite
Systems (GNSS) and remote sensing. Ordnance Survey will therefore address its response in the context of
these two topics.

1.2 The use of GPS by Ordnance Survey

Ordnance Survey has been at the forefront in developing the use of the Global Positioning System (GPS)
as a positioning tool over the last 18 years. The key contribution of GPS to Ordnance Survey is as a
fundamental building block for our data—through defining the location reference framework in Great
Britain—and as a tool to aid data collection.

The introduction of GPS technology to our 350 field surveyors has resulted in a 40% eYciency gain in
their working practices; we anticipate further improvements in our business processes with the introduction
of GALILEOTM, as a result of reduced signal acquisition times and greater satellite availability.

Ordnance Survey uses GPS specifically to:

— define the 3-D reference framework for Britain as well as providing an explicit link to European
and global co-ordinate reference systems; and

— provide a positioning tool to aid data capture for both on-the-ground and photogrammetric
survey.

1.3 Ordnance Survey GPS services

Ordnance Survey provides a countrywide GPS service that can be accessed via
www.ordnancesurvey.co.uk/osnet. OS Net@ provides free access to a facility that enables all GPS users to
post-process GPS signals in order to improve the accuracy of their raw GPS data and to work seamlessly
between Britain’s National Grid and the GPS co-ordinate system. The creation of this service was initially
part funded by the National Interest Mapping Services Agreement (NIMSA).

Ordnance Survey is also providing the ability to enhance the accuracy of positions derived from the raw
GPS data that is received from the satellites in real time. Ordnance Survey runs a service for its own GPS-
equipped surveyors that means that they can just get out of their cars, dial into the service and receive
corrections that enable up to 1-cm level positioning. This has driven considerable flexibility in working
practices tied into significant eYciency savings. A wide range of government and commercial applications
also require accurate positioning in real time. So, since April 2006, Ordnance Survey has made the rawGPS
observations fromOSNet available to appointed partner organisations for them to create a range of services
for their customers.

WhenGALILEO is operational OSNetwill provide combinedGPS andGALILEO functionality, adding
in increased availability, flexibility and eYciency to high-accuracy GNSS users.
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1.4 Use of remote sensing by Ordnance Survey

Ordnance Survey’s main use of remote sensing involves the use of aerial images captured using a
photogrammetric-quality digital camera flown in a fixed-wing aircraft, flying at about 1,500 to 2,000 metres
above ground level. These images are used to update the NGD, from which Ordnance Survey’s products
are derived aswell as being used to populate theOSMasterMap ImageryLayer. The resolution of the images
used in this process is between 15 cm and 20 cm (ground sample distance), which is much finer than any
commercially available space-borne imagery.Nevertheless, Ordnance Survey has followed the growth of the
high-resolution satellite sensor industrywith interest, and has engaged in several initiatives to determine how
such imagery could be used by a mapping agency such as us.

Projects undertaken in the Data Collection &Management and the Research & Innovation departments
of Ordnance Survey have investigated the use of images from satellites, including Landsat, SPOT and, more
recently, IKONOS and QuickBird. These investigations have shown that the satellite imagery available to
the civilian market at the present time does not provide us with adequate information to fully update our
spatial database to the required specification. However, we feel that there is value in continuing our
investigations into other uses of remotely sensed data, especially that of change detection56. When a feature,
such as a house or a length of road, changes on the ground, it is our duty to find this change and capture it
in the NGD. One of our recent research projects investigated change detection using QuickBird imagery
(60-cm resolution, panchromatic imagery from the satellite operated by Digital Globe@ of Longmont,
Colorado). It was found that imagery of this resolution was very valuable when helping to determine where
change had occurred—and what type of change it was. While it was not possible to capture this change in
the database to the required level of accuracy, the mere knowledge that change has occurred could be of
significant use, and therefore produce substantial savings to us in the deployment of alternative methods of
capture, such as field survey and aerial photography. Our results have been presented at various
international conferences and in several publications, including an article in the ISPRS Journal of
Photogrammetry and Remote Sensing (2006, vol. 60, pp 212–223).

2. Evidence Relating to Specific Questions Asked by the Committee

2.1 The impact of current levels of investment on space-related activities on the UK’s international
competitiveness in this sector

The British approach to remote-sensing spacemissions in the past has been, in our opinion, quite low key,
while our neighbours see this as an important aspect of their space programmes (witness France’s continuing
sponsorship of the SPOT [Satellite Pour l’Observation de la Terre] programme and Germany’s investment
in the TerraSar-X and related radar satellites). Some encouraging signs of a flourishing satellite industry
have emerged in theUKvia SurreyUniversity, in the shape of Surrey Satellite TechnologyLtd (SSTL).Until
now, the remote sensing capabilities of the microsatellites developed by SSTL have not matched our
requirements, but this shows some signs of changing. The TopSat experimental satellite collaboration
between SSTL, QinetiQ@ , Infoterra and Rutherford Appleton Laboratories shows how a remote-sensing
system can be built and deployed for a fraction of the cost of traditional systems such as Landsat and SPOT.
The partial funding of this mission by the British National Space Centre is to be applauded.

2.2 The benefits and value for money obtained from participation in the European Space Agency and other
international programmes

From a remote sensing point of view, we do not feel qualified to comment on this issue as we have had
very little experience of remote-sensing data from European programmes.

Current GNSS are operated primarily for defence purposes. GPS and GLONASS are owned and
operated by the United States and Russian military agencies respectively. Whilst assurances have been
made, especially by the Americans, regarding the continued availability of these navigation systems, there
are no guarantees. Until this problem is overcome, and the number of GNSS signals is increased, the
growing needs of member states for satellite positioning and navigation cannot be met.

GALILEO, an initiative of the European Space Agency (ESA) and the European Commission (EC), has
been developed by the EU for the EU citizen to benefit from. It will have guaranteed levels of service and
the legally binding operational assurances that are needed for safety of life as well as commercial services.
GALILEO will therefore provide a stable GNSS to support EU directives and programmes (especially
around transport management) and result in user confidence, which is necessary to stimulate investment in
the development of end-user applications.

56 One of the key challenges to Ordnance Survey is that of defining where change has happened so that survey eVort can be
focused on it.
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The key benefits of GALILEO are:

— Greater signal availability, as GALILEO itself will have more satellites than current GNSS and it
can also be combined with the existing GNSS. This brings huge potential in environments where
line-of-sight signals are restricted at present, for example, in built-up areas and under tree
canopies.

— Improved accuracy, as a result of having two civilian codes, will give better raw stand-alone
positional accuracy than current GNSS.

— Improved reliability or service due to increased redundancy and integrity monitoring.

— Wider breadth of services than current GNSS; that is the Public Regulated Service, the Safety of
Life Service and so on, because GALILEO will be in European civilian control, designed for
civilian, member state and commercial applications, and operated for the benefit of the
European citizen.

Currently knowing the time of day is something that is ubiquitous for us all; in the future knowing our
position could be just as omnipresent. Ubiquitous knowledge of location provides major benefits to good
governance, business success and citizen services by, for example:

— improving personal safety;

— reducing traYc congestion and enabling innovative transport policy;

— faster life-critical response;

— reducing distribution costs; and

— cheaper oVender management.

Significant commercial markets are therefore expected to develop to support these and other applications,
which GALILEO will underpin. The following provides more details for some.

2.2.1 Transport

The management of traYc and transport systems features prominently on the government agenda. One
of the prospective positioning tools for the implementation of these initiatives is undoubtedly GNSS. Using
one systemonlymay be seen as toomuch of a risk—a second provides the redundancy and added availability
that would be required. Thus the linking together of reliable GPS and GALILEO positions with accurate
and intelligent geographic information is seen as crucial to the successful delivery of these initiatives.

Transport management systems, whether they are for boat, plane, ship, train, car or people, are already
using GPS for either their primary navigation/tracking system or to augment traditional systems. A second,
independent and quality-assured system will mean that many further potential applications and modes of
operation are possible.

2.2.2 Emergency services

The US E-911 regulation already requires all emergency calls to provide positional information to assist
the emergency services in finding the citizen in trouble. Article 26 from the European Commission directive
on universal service and user’s rights relating to electronic communications networks and services (2002/22/
EC—22/3/2002) introduces a similar requirement for member states. Although the implementation of these
services has been slow as a result of both technology and the costs involved, when they are implemented, it
is seen that GALILEO will play a major part in ensuring a reliable and accurate location.

Navigation of the emergency services using GNSS tied to geographic information, already used by many
UK emergency services, would become much more reliable with a second GNSS. This is because, currently,
emergency crews often encounter blind spots whilst relying on GPS alone. Using GNSS expanded by
GALILEOwould eliminate many of these blind spots, enabling emergency-service crews to locate accidents
more accurately, quickly and consistently.

2.2.3 Street works

Better co-ordination between utilities, local authorities and central-government departments in planning
and executingwork on the public highway is high on the government agenda andwould result in less digging,
less interruption and less congestion. There are, for example, around 4million utility road openings per year
in the UK, which cost millions of pounds in congestion. This issue is addressed in the NewRoads and Street
Works Act (1991) and subsequent secondary legislation.

The part-DTI-, part-industry-funded VISTA project (www.vistadtiproject.org) will investigate the use of
global navigation satellite technology linked to existing asset records to produce 3-D images of utilities’
underground assets. GALILEO would provide the improved positioning and availability on top of what
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GPS is giving now. Once these geospatial positions are recorded, the location and relocation of these assets
provides for significant financial savings as well as reducing the risk of breaking cables and potential lost
business time.

Along with raw positioning capability, users need a robust geospatial framework such as OSMasterMap
to create and share information, enabling intelligent decision making.

2.3 The maximisation of commercial benefits and wealth creation from UK space-based technologies through
innovation and knowledge transfer

As mentioned earlier, the transfer of knowledge from the university sector to the private sector appears
to have been very successful in the case of SSTL. On several occasions, at recent international conferences,
we have heard people praise SSTL for their low-cost, short-development-cycle microsatellites. The
commercialisation programmes of companies such as QinetiQ are also showing how technology developed
originally for the military and intelligence sectors can be modified for commercial use. While Ordnance
Survey has not yet availed itself of such technology, we continue to follow developments and engage with
the organisations involved, in the expectation that at some future date the capability of the remote-sensing
satellites will match our spatial-data-collection requirements.

UK’s strength in both pure and appliedGNSS research can benefit from the huge potential that exploiting
this capability provides. Our experience in the implementation and commercialisation of GNSS-based
applications provides a strong background on which to exploit the major expansion predicted in the
GNSS market.

2.4 The delivery of public benefits from the space-related activities of diVerent government departments
(for example, DEFRA, MoD, DTI, DfT) and the co-ordination of these activities

It is our feeling that the medium- to long-term UK Government policy objectives should be the primary
driver for support and funding. It is then possible to explicitly measure expenditure/support versus benefit
across government—driving future space strategy. Key government policy drivers around the environment,
transport/congestion and advancing UK industry are examples. This will really enable a focus on where the
true benefit lies.

The GNSS benefits outlined in section 2.2 are mostly directed towards government departments. It is
thought that to really take advantage of these benefits, sharing of strategy and space requirements across
government is a necessity.

2.5 Support for space-related research and the UK skills base

The UK has a small but internationally respected research skills base, as evidenced by the UK presence
at international conferences on space-related subjects. We would like to see this continue, and hope that the
UKGovernment sees space-related research—and especially earth observation—as a key science worthy of
investment.
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Memorandum 44

Submission from BROHP (British Rocket Oral History Programme)

What is BROHP

BROHP is an organisation that was set up to record the history of UK endeavours in Space. However,
its remit over the last 10 years has widened but remains centred on Education and History.

BROHP Submission

1. Space is punching below its weight. In attempts to construct a national narrative, a sense of who the
British are and that they can be proud of; UKachievement in Space is notable by its absence. British children
draw rockets with the letters “USA” written on them. The UK has significant achievements in space
technology, astronomy and related fields. These narratives need to be preserved and told.

2. We argue that there should be a National archive established to collect papers, interviews and
photographic records. This archive can be exploited by researchers and the media to tell a richer and more
inspiring story of UK achievements in space.
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3. A good narrative about Space is a powerful tool to inspire a younger generation of scientists,
mathematicians and engineers. There is a great deal of anecdotal evidence to support the belief that Space
can inspire children. However, we would argue that there is a need for a rigorous statistical analysis to
measure the impact of initiatives such as Spaceport, ISSET, NSSC and the Scottish Space School on
children’s aspirations, attitudes and in particular of the up take of University places in STEM subjects.

4. Space research and exploration is perhaps the most inspiring of mankind’s activities, and the Sir
Arthur Clarke Awards recognise and use this in two ways; by providing recognition of the achievements of
individuals and teams in this area, and by showcasing these achievement to others, especially young people.
The awards are designed to recognise and reward the best of UK space achievement and the breadth of
nominations—which come from the public—show thewide interest in the subject. This should be exploited
to help ensure that we have the scientists and engineers to take up the challenge of future projects.

5. This submission does not permit a full discussion on this subject. Therefore we would be very pleased
to make an oral presentation to the Committee.

6. We would like to extend an invitation to the Committee and to its individual members to attend the
2007 BROHP conference, which runs from 12–14 April, and the Sir Arthur Clarke Awards dinner on the
14. This will provide an excellent opportunity for members of the Committee to interact with space
professionals, teachers, students and the general public. A debate on UK space activity could be part of the
conference programme.

Recommendations

1. That a National Space Archive be established.

2. That BNSC be given the resources for a much larger public outreach and Education programme
about Space.

3. That PPARC be tasked with initiating a study of the eVect of various Space education initiatives. In
particular the take up rates of places at University in STEM subjects.
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Memorandum 45

Submission from the Royal Society

Summary of Key Points

— Greater involvement with international bodies and initiatives could bring benefits to theUK space
community. At the moment the British National Space Centre (BNSC) is charged essentially with
a coordinating function at national level. However, what is needed now if the UK is to seize the
opportunities that exist is a much more proactive role, of the type that could be delivered by a UK
Space Agency. Such an agency should, for example, have a significant budget to fund research and
applications; be able to speak with authority and advise Government on priorities for research and
exploitation in UK space science; engage on a more equal footing with the ESA and with national
agencies in other countries; and generally enable theUK to play a stronger international leadership
role in space science.

— A UK Space Agency should cover both science and applications, and would need to have a
balanced representation of academia, industry and overseas partners. In establishing the Agency,
its relation with other bodies, especially the proposed Large Facilities Council, would need to
be defined.

— TheUK contribution to the European SpaceAgency (ESA) is 7%ofESA’s total budget, compared
to France 25%, Germany 20% and Italy 10%.We are concerned that this low level of involvement
means that the UK can no longer take a leading role in the development of technologies for
European missions. This could also compromise the scope for commercial exploitation of
technologies being developed in the UK and the standing of the UK space science community.
Despite NASA’s much higher budget, ESA can be fully competitive with NASA in unmanned
space missions as the bulk of NASA’s budget relates to the manned programme.

— Like any successful and thriving science sector, UK space science requires a strong skills base and
a healthy and sustainable pool of research scientists. Measures to tackle the declining numbers of
A-level physics andmathematics students and teachers are required to ensure theUKspace science
community retains its world class reputation in the long term.
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This submission has been prepared in consultation with a number of national and international experts,
including Royal Society Fellows andUniversity Research Fellows, and has been approved by the Council of
the Royal Society.We have responded to the questions raised by the Committee, which are used as headings
throughout this document.

The impact of current levels of investment on space-related activities on the UK’s international competitiveness
in this sector

1. There are a number of space activities—both research and industry related—that aVect the UK’s
international competitiveness. These include research in astronomy, planetary and environmental sciences
as well as industrial activities related to satellite and instrument development for space missions. BNSC is
an umbrella organisation formed by 11 government departments and research councils that co-ordinates
UK space policy and programmes. After a decrease from £183.18 million to £160.20 million between
1997–98 and 2002–03, investment has since then increased by nearly 30% to £207.61 million in 2005–06
(BNSC 2006a). Some of our consultees believed that the UK is competitive and that the business return is
large. However, there is concern that this is largely as a result of past investment and sustaining this growth
will require increased investment in emerging technologies.

2. We recognise that there have been a number of examples of the UK losing its industrial capabilities
and expertise, such as British Aerospace selling its space interests to the French/Spanish/German firm of
EADS-Astrium.

3. The UK’s contribution to ESA in 2006 amounts to approximately only 7% of ESA’s total budget,
which is comparable to Belgium’s contribution of 5%; whereas France, Germany and Italy contributed
approximately 25%, 20% and 10% respectively (ESA 2006a). This modest contribution could be preventing
the UK from exploiting valuable opportunities. Most of the UK contribution is to ESA’s mandatory
programmes and there is potential for greater UK involvement in the optional programmes (ESA 2006b).
Europe currently dominates particle physics through the Large Hadron Collider at CERN and could
dominate areas of space science if ESA and its funding governments chose to do so. Problems with ESA,
related to the relatively low funding level, include the low mission frequency, for any given area, and lack
of any explorer class payloads where innovative ideas can be tried out.

The benefits and value for money obtained from participation in the European Space Agency and other
international programmes.

4. Participation in international programmes is essential to the UK’s space ambitions since the costs of
space projects are so great that no single European country can aVord to go it alone.Moreover, participation
means that the UK can also access the results from joint missions, as well as the expertise of non-UK
scientists.

5. The ESA projects with which the UK has been involved and that have already flown, have generally
been successful.

6. We also recognise that the BNSC has a responsibility to collaborate with non-ESA space agencies, a
notable example of which was collaboration on NASA’s Swift programme. However, there is a potential
role for the BNSC to help the community take a more eVective lead to maintain and widen collaborations
with non-European nations, especially the expanding Chinese and Indian space programmes.

7. Although NASA’s budget is very much greater than ESA’s, most of NASA’s space programmes are
on manned space flights. There is therefore an opportunity for ESA (and Europe) to be more competitive
with NASA via unmanned programmes. If the UK increases its contribution to ESA, then it could obtain
greater value for money through increased returns on unmanned programmes.

The maximisation of commercial benefits and wealth creation from UK space-based technologies through
innovation and knowledge transfer

8. There are some well developed connections between industry and the space science research
community, supported by schemes such as the PPARC Industrial Programme Support Scheme. We hope
this scheme will continue after PPARC and CCLRC merge to form the LFC, which was announced by the
Government in July 2006 (DTI 2006).

9. EVective innovation and knowledge transfer require the development of further connections, or where
there is no appropriate existing firm, the establishment of spin-oV companies. One example of a spin-oV

company in this field is the University of Surrey’s company Surrey Satellite Technology Ltd, which
commercialises the results of the University’s small satellite engineering research activities.

10. We are concerned that the relatively low UK contribution to ESA could mean the UK can no longer
take a leading role in the development of technologies for European missions. This could also compromise
the scope for commercial exploitation of technologies being developed in the UK and the standing of the
UK space science community.
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11. A major role for universities is to provide a constant stream of highly trained staV for industry. In
the space based technologies this requires having suYcient PhD students and post doctoral researchers
involved in the development of new space based instruments.

The delivery of public benefits from the space related activities of diVerent government departments and the
co-ordination of these activities

12. Whilst recognising the important co-ordinating role of the BNSC, we are concerned that it may not
be operating as eVectively as it could be. The space science sector encompasses a large range of interests some
of which did not feel that they receive equal representation at the BNSC. It is important that there is input
from the grass roots research community into directing UK space strategy. We therefore stress the need for
improved mechanisms of communication across the space science sector.

13. What is needed now if the UK is to seize the opportunities that exist is a much more proactive role.
This could be delivered by a UK Space Agency covering both science and applications, with a balanced
representation of academia, industry and overseas partners. It would be important to define the Agency’s
relation with other bodies, especially the proposed Large Facilities Council.

14. An agency should also, for example:

— have a significant budget to fund research and applications;

— be able to speak with authority and advise Government on priorities for research and exploitation
in UK space science;

— engage on a more equal footing with ESA and with other national agencies in other countries; and

— generally enable the UK to play a stronger international leadership role in space science.

15. One respondent expressed concern that there may be gaps in the funding remit of research councils
related to space science. Given the current restructuring of CCLRC and PPARC to the LFC, it is important
to ensure that the full range of research is covered in the remits of other relevant research councils.

16. International bodies and initiatives, such as the Committee on Space Research (COSPAR) and the
2007 International Polar Year and International Heliophysical Year programmes, provide valuable
platforms for promoting the interests of the UK space research community. We are disappointed that there
was no representative of theUK space science community at a COSPARmeeting in Beijing 2006. To sustain
these international programmes, it is important that BNSC is involved.

Support for space related research and the UK skills base

17. Technological innovation needs a strong and well developed research base and so depends on a
healthy and sustainable pool of research scientists. The BNSC report “Size and Health of the UK Space
Industry 2006” contains a warning that the workforce is ageing and a steady flow of replacements depends
on education (BNSC 2006b). This not only applies to space science but also equally across all science areas.
Unfortunately, although the skills base of UK space science are world class, there is a genuine risk that this
level of quality may not be sustainable.

18. During 2006, the Royal Society will publish the findings of a project on undergraduate courses in
science, technology andmathematics specifically designed to educate future professional scientists. This will
reveal evidence of a decline in numbers of entries to chemistry, physics and mathematics A-levels between
1992 and 2006. Achieving the Government’s desired increase in A-level science entries depends on there
being suYcient numbers of suitably qualified specialist science and mathematics teachers. The Government
has committed to increase the numbers of physics, chemistry and mathematics specialist teachers by 2014
(HM Treasury 2006). These commitments are welcome; however previous Department for Education and
Skills targets for the recruitment of mathematics and science teachers have been missed.

19. Space science and astronomy education in schools and colleges has a direct role in motivating and
preparing young people to join the skills base in space-related research. But the curiosity and fascination it
inspires can also play a role in encouraging more pupils, both male and female, to consider physics post-16.
A recent survey commissioned by PPARC, along with partners EADS-Astrium Ltd, BNSC and the
Regional Development Agency “Yorkshire Forward”, found that space science and astronomy have a
direct, positive eVect on educational and career decisions and on participation and achievement in physical
sciences at GCSE, A-level and in Higher Education. Respondents feel that space and astronomy appeal to
boys and girls across ages, abilities and cultures (PPARC 2006).

20. The evaluations of the Royal Society’s Summer Science Exhibitions show that the 1,000 or so post-
16 students who attend each year consistently rate space science, in its broader sense, as their favourite topic
in science after biology, chemistry and health, and, perhaps most notably, before physics. The need to
promote diversity in science education and to build on the natural interests of young people makes a strong
claim on the place of space science in education. The Society has supported changes to Key Stage 4 science
which have resulted in a new suite of GCSEs being taught in schools from September 2006 that are intended
to be more relevant for students and flexible for teachers. This increased opportunity to introduce space
science into schools does need to be supported, however, with high quality teaching resources and
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professional development for teachers. Therefore, those individuals and organisations engaged in space-
related research also need to be encouraged to become involved in outreach and education development in
order to support teaching and learning in this subject.

21. Research council funding is awarded on the basis of research excellence, not on the subsequent
development of the research group or on employment opportunities for scientists. A primary aim of science
base policy must be to ensure that UK university research is as good and fit for purpose as it can be by
international standards. It is therefore important to provide adequate support for the necessary skills base
required to deliver new technologies and innovation in UK space science.

22. The UK Government’s Next Steps consultation on improving Research Councils’ eVectiveness
proposed a singlemanagement structure for large facilities to solve current deficiencies (HMTreasury 2006).
In response, we stressed that the main deficiency that needs to be addressed is the lack of a clear mechanism
for setting priorities for investment and exploitation across the full spectrumof large facilities (Royal Society
2006). This is relevant to space science and this aspect must be borne in mind given the restructuring of the
CCLRC and PPARC into the LFC.
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Memorandum 46

Submission from Professor Colin Pillinger

Bridging the Gap in the Exploration of Mars

1. Risk vs inspiration

The Chairman of the Public Accounts Committee inquiring into the fate of Beagle 2, thanked me, when
summing up, for inspiring the Nation, even if it cost £45 million. I counted that as a victory since during
proceedings he had rebuked me with “you should have been 95% certain it was going to work, if you were
spending public money.” My answer was “It would have been done already if it was that easy; and if it was
that easy it would not have been exploration and we would not have inspired anyone.”

When Beagle 2 attempted its landing at Christmas 2003, 66% of all missions to Mars had ended in tears.
Many more missions did not even get oV the drawing board before those championing them gave up.

In recent months, the Government has suggested that civil servants at the Home OYce should take more
risks. The DTI, OST, BNSC and PPARC did take risks with Beagle 2, the question is, should they again?
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2. NASA’s attitude to failure

Before the Mars Exploration Rovers (MER) landed a few days into 2004, NASA’s success rate was not
even 50%: only three spacecraft headed for Mars had achieved their goal out of the last eight attempts. To
succeed with the roving vehicles Spirit and Opportunity, NASA learned some hard lessons from previous
failures, as indeed NASA always does. And that is the point about failure: it is the essential ingredient of
learning. NASA always gets back on the metaphorical horse before it loses its nerve—but it does so whilst
trying to work out why it fell oV in the first place. The MER rovers have worked flawlessly on Mars for
nearly three years during which time they have returned data of untold value.

3. The Entrepreneurial attitude to failure

Read any book about a successful entrepreneur and you will find quotes like “Success is 99% failure”,
attributed to Soichiro Honda. Bill Gates, Stelios Haji-Ioannou, Richard Branson and co probably thought
themselves lucky with a 10% success rate for their business ideas.

4. History’s attitude to failure

Scientists and engineers should be more comfortable with risk. Sir Humphrey Davy said: “The most
important of my discoveries have been suggested by my failures.” Edison is reputed to have discovered
multiple ways how not to make the light bulb before he changed the way we see things in the dark. In science
you often learn far more from things you did not anticipate during experiments. Experiments, like
exploration (to travel through an unfamiliar area to learn about it—OED), are the font of new knowledge.

5. An example of an unexpected result

A good example of a totally unexpected result was the reason for flying Beagle 2. One day in 1984, a
student in my lab, heated the meteorite Nakhla to see if it contained carbon dioxide gas trapped from the
martian atmosphere. Carbon dioxide was evolved, but at all the wrong temperatures. We had discovered
this martian sample contained carbonate minerals. Petrologists had been looking at martian meteorites for
150 years and because carbonates were in low abundance, no one had recognised them. This mineral is
evidence of water trickling through the rock. Petrologists thought heating was a stupid experiment to use
to look for carbonates! Nevertheless, our recognition of carbonates kicked oV a whole new area of martian
research. On Earth, sedimentary rocks containing carbonate carry the evidence of life processes that have
been operational for four billion years. The discovery of carbonates in martian meteorites led to the finding
of co-occurring organic matter (the relict of living organisms?) and in turn to the discovery of what might
be martian fossils.

The possibility of life on Mars rekindled interest in the red planet after a long hiatus because the Viking
missions of 1976 had declaredMars the equivalent of desolate, depressing, sterile and repulsive, words used
to describe Terra del Fuego before Darwin went there and started thinking about evolution.

When President Clinton, on the White House lawn in 1996, 20 years after Viking, announced the
discovery of putative martian fossils, CNN ran for 1 hour 40 minutes without a commercial break! The
infant world wide web crashed.

6. Totally unexpected spin-oV from Beagle 2

Without the motivation of trying to confirm the UK’s martian meteorite results, in order to say we had
found evidence of past life on Mars, Beagle 2 would never have existed. But neither would the Wellcome
Trust-funded mass spectrometer group at the Open University be working on miniature portable
instruments for early stage medical diagnosis. The team are now involved in trying to develop a real-time
breath test for tuberculosis; at present in Africa suVerers can be dead before the results from a
microbiological assay come back. The question which must be asked is “what value do you put on one
human life?” Beagle 2 cost the UK 20p/person/year, few begrudged their share. There is a potentially
enormous serendipitous payback from the mission and Mars exploration for the subjects that interest
Wellcome and other government departments. The ongoing activities concerning mass spectrometry in the
wider sense is of interest to the Department of Trade and Industry (commercial exploitation), Department
of Health (medical diagnostics), Home OYce (drug testing, anti-terrorism), Environment (atmospheric
monitoring, water quality), Defra (veterinary science), Overseas Development (Third World epidemiology)
and last but not least DfES through the inspirational power of a high profile UK involvement in Mars
exploration (see 11 below).
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7. A retrospective look at Beagle 2

Having been through all the design figures and the tests it had done, the Beagle 2 team decided nothing
could not have, or should not have, worked. We came up with a long list of lessons learned, things we could
do better if we had another chance. NASA would have tried again. We could not get back on the horse:
unfortunately for us someone decided to take it elsewhere.

No other inquiry looked for the technical lessons to be learned in more detail than ourselves. The ESA
inquiry did not even interview the EngineeringManager and yet their conclusion was that management was
to blame. There was a general consensus from all the inquiries that we did not have enoughmoney—wrong,
we did not have what we needed soon enough to mitigate risks. The worst failing of all in any high risk
activity is indecision.

8. What did happen to Beagle 2?

Some time soon, cameras aboard NASA’s Mars Reconnaissance Orbiter will attempt to discern whether
our best guess of where Beagle 2 lies is correct. It is vital to showwhether or not the remains of the spacecraft
are in a tiny crater at the centre of the target landing region, a conclusion reached after NASA provided
many high resolution photographs of the area. NASA is still looking for spacecraft that went missing in
1997. They see finding any remains as important in understanding how far amission succeeded or how badly
it failed. Incidentally, ESA have provided no pictures of the Beagle 2 landing area.

Confirmation of Beagle 2’s final resting place would give answers to questions like: “was Beagle 2 going
too fast because of the unexpected thinness of the atmosphere?” Thanks to NASA it is known that the
atmospheric conditions were unfavourable. TheMERs succeeded because they were able to adjust. Or “did
a freak accident, a sidewise impact with the crater wall (an hypothesis), put paid to the mission?” Finding
Beagle 2 would give us an idea of what worked and what did not—that saves time andmoney for the future.

9. The future European programme

Irrespective of whether Beagle 2 is found, the UK should try again. One of the successes of Beagle 2 was
that the Government provided some new money to the British space programme—money to join ESA’s
Aurora programme. The 2004 CSR, (with some prompting from S & T Committee?) felt there should be
funds available if a timely opportunity arose to be a part of something like Beagle 2.

The problem with Aurora is that there is only one approved mission, ExoMars. Since it was adopted in
2003, ExoMars has already slipped from a 2009 launch to a 2011 launch, and thence to a 2013 launch. The
later start date means a two year, instead of a seven months, flight time, so it will be 2015 before ExoMars
lands. It seems rather an aVront that an organisation that criticised Beagle 2 for poor management (Beagle
2 adhered to the Mars Express schedule—five years to deliver from the time the mission was approved—
and delivered on time) can accept a slip of four to six years less three years into the programme.

10. The implications of the ExoMars slip

The slip to 2013means the science payload as originally conceived for ExoMars cannot be achieved, some
things may have to go—the UK has experiments that could be vulnerable.

In its present form there is no provision for a data relay with ExoMars, themission is dependent onNASA
for returning the science. If ESA has to build its own orbiter, then it can take the originally planned science
and more, but that will cost more money (an extra 200 million Euros on top of the original 700 million),
perhaps even more time and a bigger Ariane V rocket. And what happens if this single shot ExoMars
mission fails?

NASA will have sent spacecraft to Mars in 2007, 2009, 2011, 2013 and 2016 by then to address questions
about life. In respect of technological development any lead that Britain built up as a result of Beagle 2 will
have evaporated. You cannot discover life twice and it is next to impossible to motivate people to be
also-rans.

11. The drift away from science by young people

Even more frustrating, by 2015 an opportunity to inspire the younger generation into science and
technology—the reason Beagle 2 got the money it did—will have been forfeited. We have been told there
were plenty of children, who got up before 6.00 am Christmas morning 2003, to ask not “Where are my
presents?” but “What happened to Beagle 2?”. Everyone, five years old and above, will have passed through
school and left without the chance of being exposed to the imagination-capturing subject of Britain in the
forefront of looking for life on Mars. There will, of course, be other space missions, but nothing has quite
the same appeal as the red planet.



3553511046 Page Type [E] 12-07-07 01:53:06 Pag Table: COENEW PPSysB Unit: PAG1

Ev 226 Science and Technology Committee: Evidence

12. Should we invest?

What Britain needs is a Mars mission to bridge the gap between Beagle 2 and ExoMars, which is a
generation away. I do not accept we cannot aVord it. We are the sixth richest nation in the world but only
the seventeenth in terms of space expenditure. If we want children doing science subjects we cannot aVord
not to give them goals to aspire to. We invest annually something like £180 million of Government money,
yielding a contribution to our GDP of several billions. Surely, that is a good return. Why not then put in
£500 million, aVording more jobs and greater profits and all the spin-oV that goes with it. Never forget the
cost of the hardware that goes into space is negligible, all the expertise stays on the ground; it is never at
risk, unless it goes abroad because there are no incentives in the UK. But to recover the value of what has
been achieved, even from amission condemned as a failure, you have to use it somewhere else, not jettison it.

13. Should Britain have a space agency?

At Farnborough this year, Lord Sainsbury signed a concordat with the Algerian Space Agency—the
Algerian Space Agency! Why doesn’t Britain have a Space Agency? And give it a budget big enough to buy
into programmes like ESA’s Aurora. If there are slips in the programme through no fault of the UK (we
were one of the first to sign up to Aurora), then it should not be the only string to our bow. In my experience
we need representation that can take a firm hand with an organisation as amorphous as ESA. It is diYcult
enough going to Mars without not being in charge of your own destiny. We must have our own space
programme and the option of collaborating with more than one agency: for example NASA, Russia, the
emerging space-faring nations of the Far East.

And to really make a diVerence, why not fund a pioneering programme involving smaller, faster, cheaper,
better missions—we might lose a couple early on but success would soon bring huge rewards and make us
the envy of the world because we would be exploring and discovering before them.

14. Where does Beagle 2’s gas analysis package go from here?

Having grown very frustrated with the lack of progress in Europe towards trying to answer a question
that has fascinated scientists, science fiction writers and the general public since humans first turned their
eyes towards the heavens, namely : “Is life on Earth unique—are we alone in the Universe?”, I have turned
my attention elsewhere. Together with a group ofUS scientists and engineers, with Canadian support, I have
submitted a proposal to NASA for a mission to be launched to Mars in 2011 as part of their Scout
programme. This mission incorporates all the lessons learned from Beagle 2 and many more from the
MERs project.

Our project, called MARGE (Mars Autonomous Rovers for Geoscience Exploration), that is proposed,
has double redundancy—two attempts to land, two rovers on each attempt, a duplication of the instrument
package, sent to two diVerent sites. The choice of sites is dictated by evidence of where water might have
been on Mars, indeed where it might have been in the recent past so the chances of finding past or present
life should be maximised. With two rovers working in tandem if one is in diYculties the other can help it
out. In the event of a complete breakdown, the working rover can bring a share of the samples. If both break
down they can still analyse the atmosphere for traces of gases that would be an indication of life being
present on Mars now. The contribution my group would make is key to the mission—two mass
spectrometers and sample processing packages, one to each landing site to carry out life detection
experiments. It is disappointing that it is not a British-led mission but we have 50% of the payload after
cameras, it is the best I can do.

With respect to the inspirational value of MARGE, with two rovers at each site, with cameras replicated
on all vehicles, we will be able to provide the pictures (not just static but moving) that everyone wants to
see: one rover watching the other in action and the experience of driving on Mars from the driving seat.
There will be websites to announce the results as soon as possible to the public and students and a
programme of “tell the rovers where to go.”

The US team have an impeccable track record having supplied cameras to all NASA’s recent Mars
missions; one of the industrial partners has participated in 34 successful space missions from 35 launches.
In the aftermath of Beagle 2, Lord Sainsbury said “We shouldn’t only do low risk projects.” The new
proposal is about as low risk as we can make it. Naturally there is no funding available for this mission yet,
PPARC will have to ask for it but, if it is accepted by NASA, I hope money will be forthcoming and that
the Public Accounts Committee will approve of the eVorts made to heed their advice.



3553511046 Page Type [O] 12-07-07 01:53:06 Pag Table: COENEW PPSysB Unit: PAG1

Science and Technology Committee: Evidence Ev 227

15. A final message to risk takers: “You have not really failed until you give up”. I have not given up—
the greater the obstacle, the greater the glory in overcoming it! (David Hume).

October 2006

Memorandum 47

Submission from Dr Peter Hodkinson

AN ARGUMENT FOR UK INVOLVEMENT IN HUMAN SPACE FLIGHT

Executive Summary

1. I believe inmanned space flight and further I think theUK should actively supportmanned space flight
and its associated Earth based work. In this era of space tourism theUK should not be left behind and needs
to develop and support expertise in SpaceMedicine and associated disciplines. The prospect of human space
flight can be used to encourage people into the study of, and careers in, the sciences and engineering. Support
for manned space flight would create a multitude of jobs in the UK and prevent further loss of highflying
individuals to overseas agencies in pursuit of work within the field of Space Medicine.

2. I am currently undertaking my General Duties Medical OYcer year with the Royal Air Force (RAF)
at RAF Kinloss. I studied Medicine at the University of Edinburgh where I also took an intercalated BSc
in Physiology. Prior to commencing the clinical years of Medicine I undertook a second intercalated year
to pursue an MSc in Human and Applied Physiology at King’s College London, which focused on the
human body in extreme environments. I elected to do thisMSc to pursuemy interest inAerospaceMedicine.
I will return to hospital medicine in February 2007 to work towards Membership of the Royal College of
Physicians followingwhich I intend to specialise inAviationMedicine with theRAF. I havewatched theUK
Space Biomedicine Group from afar wishing I could be in some way involved but lack any Space Medicine
experience, following this year’s conference though I do hope to become actively involved in the UK Space
Medicine Association in my spare time.

Commentary

3. I believe in manned space flight for a number of reasons: it is a driver for new technologies;
investigation into life on Mars, or perhaps more interestingly its absence, will shed light on our own
existence; it is likely to be decades before robotics catch up with that a human can do and transmissions
delays would render a human-in-the-loop from Earth for a Mars mission impractical; space flight is a novel
environment for research and can provide insight into Earthbound diseases; manned space is inspiring and
this enthusiasm can be harnessed to encourage children to study and enter into careers in science and
engineering; there is clearly a market for space tourism; and manned space flight is of relevance to a great
variety of people and industries in the life sciences, engineering, astronomy and materials science.

4. Further to this I think the UK should actively support manned space flight and its associated Earth
based work because: UK research and academic institutions are among some of the best in the world and
we should not be without a presence in the field of Space Medicine; current UK expertise in un-manned
space activities would be well placed to diversify into manned activities; the UK needs something to halt the
decline in students pursuing science and technology and the potential of human space flight can be harnessed
to encourage people into these fields; it would create jobs in the UK—in medicine, basic sciences, allied
health professions, astrophysics, engineering, and commercially; and it is astounding what the group of
individuals running the now UK Space Medicine Association have achieved since I first heard Kevin Fong
talk at his 1999 symposium on “The Future of Space Biomedicine Research in the UK” in-spite of
demanding full-time jobs and a lack of UK support and the UK should be doing what it can to keep such
people in the UK and to support their work. Although not a suYcient argument in itself to support manned
space flight I do also find it astonishing that the UK, a nation with such strong expeditionary and exploring
roots, does not take part in the manned exploration of space.

5. Britain should not be left behind in this second Space Age and I implore you to change the current UK
Space Policy and support manned space flight.

October 2006
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Memorandum 48

Submission from a group of interested scientists

Wewould like to bring to the attention of the Committee a potential problem related to the incorporation
of the Particle Physics and Astronomy Research Council (PPARC) into a new Large Facilities Council
(LFC). The UK has a major planetary science community which has extensive links with industry and
generates substantial public interest. Some important areas of UK planetary sciences are booming and ripe
for discovery as demonstrated by increased numbers of Science and Nature articles for example. However,
these are not all linked to specific missions or large facilities. At present PPARC provides support for much
of this research through its Solar System Sub-Panel (SSSP). Although the basis for establishing the LFC
makes sense it is unclear how these particular programmes would be treated in future as more pressing large
facilities costs eat into basic science spend. This should be discussed and planned strategically rather than
being a matter of speculation.

Planetary science includes planetary geology, cosmochemistry, mineral physics, astrobiology, impact
research, geophysical fluid dynamics and parts of theoretical astrophysics. Most of these involve
sophisticated lab-based activities, theory, computer modelling, field studies and image processing that
would not normally be thought of in the context of a “large facility”, nor is their viability necessarily
dependent on the outcome of planetary missions, though they clearly benefit from these and often provide
the scientific justification and underpinning for such activities. Indeed, many such UK programmes run
alongside mission-related exploration technology development aspects in the same group or department.

These areas of science are concerned with how stars and planets form and function, and how tomake and
sustain habitable environments. The big science questions addressed include: Where do the elements come
from?How and why did the Sun form? How are planets, including the Earth-Moon system, made? How did
Earth acquire its atmosphere, water and carbon? Are the conditions that gave rise to our Solar System, our
Earth and life likely to be common to planetary systems elsewhere in the universe? These are subjects of deep
significance and widespread fascination that the public want to see answered. It is high impact science that
goes right to the heart of the subject of origins—why we are here. The research carries that sense of wonder
that captures our imagination whether we are professional scientists, or teenagers deciding which A-levels
to take.

Although much of the current research seeks to understand the formation of our own Solar System it is
increasingly linked to observations of other stars, discs and solar systems. As such it is providing vital
information that needs to be fed into searches for exosolar Earth-like planets and life in the Universe. With
some notable exceptions (eg mineral physics and Diamond) it does not use large facilities and many of the
outputs, such as Science and Nature articles, are not related to missions. Yet it is very relevant to some of
the big parts of the PPARC science agenda. Furthermore, it impacts research funded by other UK funding
bodies. These obviously include NERC-funded studies of the Earth and its climate as well as life in extreme
environments. They also interface with EPSRC-funded work on robotics and communication and BBSRC-
funded astrobiology and planetary protection.

Two examples serve to illustrate the vitality of this sector of UK science.

The first example is cosmochemistry. This subject has been booming internationally in recent years,
thanks in part to new mass spectrometry technologies developed by companies in the UK, France and
Germany. We are world leaders in this area technology-wise. Furthermore, the UK has some well known
scientists who have been producingmany prominent scientific publications. So strong has the growth of this
field been that it has put significant pressure on funding within PPARC.

A glance through any recent major review volumes on the subject will demonstrate that the UK punches
well above its weight in cosmochemistry. One gets the same impression from looking at the top science
journalsScience andNature, as illustrated by the following examples from 2005 alone. Authors fromOxford
and Bristol published details of how the Earth’s core formed. Scientists from Cambridge and the Natural
HistoryMuseum published a major article on the timescales for the evolution of the circumstellar disk from
which the Solar System formed. A group from theOpenUniversity found evidence from asteroids of global-
scale melting in the early Solar System. Manchester University scientists demonstrated how the Earth
acquired its noble gases. Oxford University scientists established the age of the Moon. In articles soon to
appear in the journal Science, groups from half a dozen UK institutions will join NASA scientists in
describing the first materials returned from a comet. These are stunning results from experiments that in
many cases utilise custom-designed technology that define the cutting edge in analytical methods. The UK
is very good at this and the field should be nurtured and stimulated.

Second, mineral physics, is a good “horizon scanning” example. The scope for studies of planetary
interiors is considerable in the UK. The subject as a whole links the fields of planetary geophysics, fluid
dynamics, petrology and mineral physics. However, the limits on our understanding have been moved
forward most dramatically by new kinds of computational models and experimental techniques that
simulate extreme high pressure environments as characterise the interiors of planets. This is an area where
major discoveries are expected in the coming years. For example, we need to understand the physics and
chemistry of what happens when worlds collide and rip each other apart and then re-accrete, which is the
mainway in which terrestrial planets aremade.Until recently this was impossible; we did not have the ability
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to acquire the physics and chemistry data to model these amazingly energetic events. But now we are getting
very close and the UK has some of the clever people and labs to be Europe-leading and second only to the
US in this area. Not surprisingly the opportunities for knowledge transfer perceived by the defence industry
are also significant and this area of science ties into facilities like Diamond.

The primary purpose of this letter is to draw attention to the importance of such research for the UK
science agenda and request that a properly thought through vision, prioritising and strategy be put in place
in order that these science areas are stimulated and developed further within a sensible, forward-thinking
funding framework. There may well be other parts of PPARC science to which this also applies. The LFC
could be exactly the right kind of council for supporting all of these areas of science in such a manner.
However, this has not been made clear and it would seem that more discussion is necessary.

Prof Chris Ballentine, Manchester University
Dr Gretchen Benedix, Natural History Museum
Dr Phil Bland, Imperial College London
Prof David Clary FRS, Oxford University
Dr Gareth Collins, Imperial College London
Dr Tim Elliott, Bristol University
Prof Philip England FRS, Oxford University
Dr Albert Galy, Cambridge University
Dr Matt Genge, Imperial College London
Dr Jamie Gilmour, Manchester University
Dr Simon Green, The Open University
Dr Richard Greenwood, The Open University
Prof Alex Halliday FRS, Oxford University
Prof Chris Hawkesworth FRS, Bristol University
Dr Pat Irwin, Oxford University
Prof Andrew Jephcoat. Oxford University
Mr Anton Kearsley, Natural History Museum
Dr Ian Lyon, Manchester University
Dr Tamsin Mather, Oxford University
Prof Dan McKenzie FRS CH, Cambridge University
Dr Joanna Morgan, Imperial College London
Dr Stephen Parman, Durham University
Dr Don Porcelli, Oxford University
Prof David Price, University College London
Prof Peter Read, Oxford University
Dr Mark Rehkamper, Imperial College London
Dr Sara Russell, Natural History Museum
Dr Mark Sephton, Imperial College London
Dr Caroline Smith, Natural History Museum
Prof Grenville Turner FRS, Manchester University
Prof Mike Warner, Imperial College London
Prof Duncan Wingham, University College London
Dr Helen Williams, Oxford University
Prof Ian Wright, The Open University

October 2006

Memorandum 49

Submission from the National Physical Laboratory

0. Summary

0.1 The UK has the key elements of infrastructure and expertise necessary to take full advantage of the
emerging opportunities from Earth Observation. However, the lack of data quality and inflexibility of
funding mechanisms within the UK are a major barrier to the development of a flourishing EO-based
industrial sector, and to the provision of reliable data to inform and monitor policy decisions.

0.2 Opportunities exist and are emerging for the UK to take a lead role in a number of key aspects
eVecting data quality. These opportunities need to be nurtured and targeted as priority issues for the UK
in order to maximise the benefit of Earth Observation to the UK and for it to remain at the forefront of
public imagination inspiring the next generation of scientists.
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1. Introduction

1.1 This submission is made on behalf of the National Physical Laboratory, the UK’s national standards
laboratory, which underpins the National Measurement System (NMS), ensuring consistency through
traceable calibration of all measurements throughout the UK, and that UK measurements are similarly
compatible with our international trading partners.

1.2 Our role is to deliver world-class measurement science, to provide measurement infrastructure for the
UK and to maximise the impact that this science and infrastructure has on the UK economy and quality of
life—including key issues such as climate change and the maintenance and development of a sustainable
environment.

1.3 This submission draws on our expertise in measurement science and our knowledge of the
international space sector derived in part from our leadership role in a variety of Earth Observation
calibration and validation activities.

1.4 In addition to the development and provision of measurement and instrumentation services to the
space and in particular Earth Observation community, NPL represents the UK, and in some cases the
international metrology community as a whole, on a number of key committees. These include Committee
on Earth Observation Satellites Working group on Calibration and Validation (CEOS WGCV), Network
for Detection of Stratospheric Change (NDSC) and World Meteorological Organisation (WMO). It also
supports UK government funded research within the research councils and government policy (in this
context) through Defra, DTI and associated agencies. NPL is recognised as the European lead national
metrology institute (NMI) in this sector and is providing strategic support to the European Space Agency
(ESA).

1.5 NPL and metrology play a major role in many other space activities, eg:

— Time standards necessary for satellite-based global positioning systems.

— Communications between satellites and to ground.

— Microwave antennas.

— Ion thrust drives.

However, this submission focuses on an area in which metrology is most critical—Earth Observation
(EO) data, ie data collection at satellite sensor through to highly processed data (data product) as received
by the “end user” or customer. At present, the end users are predominantly public funded bodies, where
EO data is increasingly providing the critical evidence for the development and monitoring of the impact
of government policy.

2. The Importance of Data Quality for Evidence-Based Policy Development and Monitoring

2.1 It has long been recognised that measurements used for trade and regulation must be based upon an
agreed international system of units. Such a system was formalised through the Convention of the Metre in
1875, which set up the System International for measurement units, which is used around the World today.

2.2 However, the Convention only defines the base units, and in the intervening 130 years formalised
arrangements have been established, eg quality procedure covered by ISO 17025, to ensure the validity of
measurements made against the SI units. These have ensured that items for trade can be reliably specified
across national borders, for example precision pieces of an automobile engine can be manufactured in more
than one European State and assembled in another. They also ensure that regulators and policy makers can
carry out their work with confidence, for example emission levels from vehicle engines can be evaluated by
the manufacturer and then the vehicles traded around the World subject to national emission control
regulation.

These examples demonstrate one of the essential requirements for a market, confidence in the commonality
and reliability of measurement data on the products or services traded.

2.3 Clearly this requirement has not gone unnoticed by those designing and operating Earth Observation
data collecting instrumentation. They all make their measurements using the same SI units. However, there
is no formalised arrangement in Europe to ensure the general validity of such data. Indeed, there is strong
evidence that data collected by diVerent EO instruments often have significant discrepancies. For example
this is a factor in the international controversy over the issue of climate change. The discrepancies and biases
do not arise from any lack of care in the design and calibration of EO instrumentation, but from the
extremely challenging requirements for accuracy that are made on such instruments, if the data they collect
are to meet the requirements of policy makers and regulators, and of the challenges of operating in the
hostile space environment.

2.4 Until recently most EO satellite missions, with the exception of meteorological satellites, have been
initiated and operated to meet clear science driven objectives. However, as their success is promoted to a
wider user community, new applications become apparent. These applications, like the weather services,
often require data products to be produced in a more operational mode—focusing more on reliability and
consistency than the flexibility often seen as a necessity accompanying a science mission. To meet these
emerging demands, many science missions have been modified to produce some products in an operational
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manner. It has also triggered initiatives such as GMES (Global Monitoring for Environment and Security),
which seeks to build the necessary infrastructure to enable true operational services to be developed and
exploited to the benefit of European industry and its citizens. Such services draw on data derived from all
components of the EO sector: space, in-situ, airborne and inmost cases the synergistic combination of them.

EO operational services are unlikely to successfully develop for monitoring the environment and security
without establishing formalised arrangements for validating the data collected by EO instruments, both
terrestrial and space borne.

2.5 The establishment of the joint EU, ESAGMES initiative is a measure of the importance governments
and the Commission have given to issues that EO data can help to address. This has been further reinforced
through the establishment of the global initiative, GEOSS (Global Earth Observation System of Systems),
which seeks to establish coordinated eVorts between largely existing activities to address a set of key
societal themes.

2.6 Examples of applications for EO data include:

— Understanding the drivers for climate change:

— To inform European policy on necessary steps to protect the living conditions of citizens,
whilst not putting at risk European competitiveness with ineVective or unnecessary
emission controls.

— To remove any equivocation over the aVects of human activity on the Earth’s climate, to
strengthen the European negotiation position with countries which are not yet convinced of
the urgency to reduce industrial and transport emissions.

— Monitoring the eVects of climate change:

— Monitoring European costal zone to manage the eVects of sea level rise.

— Monitoring biodiversity.

— Monitoring of food production, pests and disease across Europe.

— For the security of food production.

— To measure the impact and police subsidies provided by the EU to food producers.

— To measure the impact of the release of GMO on biodiversity.

— Monitoring air and water quality for the health of citizens.

— Monitoring and policing pollution so that those responsible for major pollution events can be
challenged for compensation.

— Management of major calamities, eg cyclones, floods and storms.

These issues aVect decisions on investments and regulations that will have significant economic impact in
Europe and require data that is unequivocal, from which international protocols that tackle issues at a
global level can be agreed, and ultimately will require data that is robust enough to be challenged in court.

3. UK Strengths, Weaknesses and Opportunities

Strengths

3.1 The UK is internationally recognised as being strong in many aspects of Earth Observation. It has a
well-coordinated academic research community funded through the research councils. This community is
involved in all aspects of Earth Observation including: instrument design, build, calibration, validation and
operation. It exploits and develops expertise in modelling and data manipulation as well as the more
engineering-based activities.

3.2 The UK also has an eYcient and expanding “added value” commercial sector, which develop
application specific data products. The strength of this sector stems from government policies of the 1980s,
which emphasised that funding for Earth Observation should be focused on applications with commercial
or Government policy objectives. The industrial sector is also engaged in some hardware manufacturing,
which includes instrumentation and platforms etc. It is worth noting that it has become particularly strong
in the small satellite business, with Surrey Satellite Technology Ltd being a particularly good example.

3.3 Finally the UK has a potentially large, relatively astute and innovative user community. Public
funded bodies already use remote sensing for a wide range of operational activities including land/forest
management, pollution and air quality monitoring, mapping etc. Climate change studies, monitoring and
adaptation to its impact are arguably the most demanding (in terms of accuracy) of current applications.
However, whilst there is some coordination between government agencies and departments this is very weak
and leads to ineYciency and fragmentation. It leads to duplication of eVort in studies and expertise, but
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more seriously it prevents the development of critical mass to allow coordinated funding for larger scale
projects, which would allow the UK to take on greater international leadership roles. SuYcient critical mass
might stimulate and justify UK led missions with more operational objectives, controlled by user needs.

The UK has a strong infrastructure in all aspects of Earth Observation and is well placed to play a major role
in exploitation.

Weaknesses

3.4 Although the UK EO sector has many strengths, it regularly fails to achieve its “juste retour” from
its ESA contribution. This failing is because the necessary full complement of key skills and prototype
technologies are not available to make credible bids. The success of nations such as Germany and France
can often be attributed to the underpinning support of strong national programmes, which allow critical
mass and expertise to be developed and maintained in the interim periods between the larger ESAmissions.
It also allows strong links to be established between academia and the commercial sector with the ready
supply of data to further research aims. National programmes also encourage the establishment of clear
national objectives for both science and policy and make possible the development of low cost missions to
meet defined priorities. These in turn help to steer the direction of themulti-national bodies such as ESA and
EUMETSAT and act as catalysts for wider international collaborations with agencies from Japan,USA etc.

3.5 The British National Space Centre (BNSC) whilst being the de facto focus for space activities in the
UK, has few mechanisms or resources to influence or steer UK and international eVorts. Despite this the
UK still manages to play a significant role in international aVairs, through the eVorts of individuals and
targeted funding from BNSC. BNSCs influence was weakened when most of the UK space budget was
transferred to the research councils. The government aim was to simplify funding by bringing together all
discretionary research funding. Whilst this has advantages, it limits flexibility and innovation particularly
for more application-focused research objectives because of eligibility criteria attached to the funding
mechanisms of the research councils. In particular, Public Sector Research Establishments (PSREs) such as
NPL cannot be directly funded by research councils for EO research.Not only is this a barrier to innovation,
in some cases it can lead to ineYciency and duplication of capabilities. There are many examples of
university departments obtaining research grants to establish capabilities for “one-oV” experiments or
calibrations when facilities already exist in a developed or semi-developed form within a PSRE. Similarly,
it is diYcult for PSREs to take part in “Announcement of Opportunity” (AO) calls from ESA, since they
often require as a prerequisite, national funding. This is particularly true for calibration and validation
activities within ESA, which are nearly always byAO calls, and as a consequence are limited in participation
to academic institutions.

3.6 This inflexibility and restriction on participation is particularly damaging for the future of the EO
sector. The evolution of EO from largely science driven objectives into user driven services requires robust,
operationally delivered data products targeted at user needs. The operational production and delivery of
these services will be through commercial organisations. Such services, both as delivered and during
development, will require a more rigorous, transparent level of Quality Assurance (QA) and hence
calibration and validation than is currently provided. Although still largely science based, this same level of
QA is increasingly demanded of climate change studies in order to allow governments to take informed
evidence based policy decisions. It is hard to see how the QA necessary to meet these demands can be
achieved without significant change to calibration and validation practices.

Opportunities

3.7 As the market for quality assured EO data develops it presents a significant opportunity for the UK
to provide the necessary infrastructure to underpin this “certification” activity. The British Government is
well versed at championing and implementing appropriate regulatory frameworks to satisfy all stakeholder
interests. Politically it continues to provide international leadership for environmental issues, a position and
activity acclaimed by all political parties. The already strong added value space sector is well placed to
exploit new “certified” data products.

However, this opportunity may be missed by the UK because of the fragmented nature of funding from
government departments and the limited access to the only major UK source of space research funding through
the research councils.

Case Study

The following example illustrates an innovative opportunity for the UK to establish a unique position as
the international benchmark reference for all optical-based Earth Observation measurements made from
space. In addition, it provides the necessary accuracy to reduce uncertainty in measurements underpinning
climate change, and consequently removing the opportunity for sceptics to debate its cause and
consequences.
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The Earths biosphere and climate is driven by the input energy from the Sun. This energy is largely
concentrated in the optical region of the spectrum from the UV to NIR (200 to 2,500 nm). All surfaces,
vegetation, soils etc exhibit unique spectral signatures in their reflectance characteristics, in the case of
vegetation this varies not only with species but also life cycle. Similarly pollutants, on land and water,
aerosols in the atmosphere can all be characterised, qualitatively and quantitatively by their spectral
signature. For some simple diagnostics, spatial maps, land cover etc, absolute accuracy is of limited
importance. However, as soon as temporal information is required, such as is necessary for climate change,
or that the data needs to be combined with another sensor, then accuracy becomes critical.

The calibration of every optical sensor launched into orbit has changed from ground to orbit, and
continues to degrade with time. The size of this change varies between sensor type and even between
nominally identical sensors. This make it diYcult to establish a baseline from which to reference climate
change and also to compare and combine data products from diVerent missions, since each sensor will be
seen to have an unknown bias with respect to the truth.

The solution to this problem, bias and drift, in principle is simple and only needs to reflect the processes
employed in the terrestrial environment ie regular recalibration against SI standards traceable to a national
standards laboratory. However, the inability to retrieve space sensors makes this diYcult to achieve in
practise. As an alternative, in-flight calibration systems have been devised, but all fail in varying degrees with
respect to the necessary accuracy and demonstration of traceability, as the transfer artefacts used, also drift
with time.

Recognising the issue the international community is starting to consider the establishment of a dedicated
space-based reference satellite, which could serve to provide a set of “benchmark calibrations” of the Sun,
Moon, Earth deserts, which all other in-flight sensors could view allowing the removal of bias through
normalisation. If the reference satellite were suYciently accurate this would also improve the accuracy of
the other sensors in addition to simply removing bias.

Although the call for such a mission concept is only now being discussed internationally, the UK already
has a designed solution. In 2003, NPL led an international team in a proposal for a mission called TRUTHS
(Traceable Radiometry Underpinning Terrestrial- and Helio- Studies). The proposal was in response to an
ESA call for Earth Explorer missions and although at the time was unsuccessful stimulated significant
interest for its innovative concept.

TRUTHS proposed the flight of a small satellite with a suite of instruments to measure incoming solar
radiation and spectrally resolved reflected radiation from the Earth or Moon. The instrumentation was
designed to have accuracies 10x better than any previous mission. This accuracy was guaranteed by the use
of a novel calibration system, which incorporated a “primary standard” and the establishment in space of
calibration chain analogous to that carried out on the ground. In essence, the satellite could be considered
as a “standards laboratory” in space and is widely acknowledged as the only technically viable solution to
achieve the accuracies necessary for such a benchmark mission.

The TRUTHS satellite would provide traceability to all other optical sensors by transferring its high
accuracy to commonly viewable reference targets such as the Sun, Moon and Earth deserts.

Whilst acknowledged as a breakthrough concept, it is surprisingly diYcult to develop and exploit the idea
further, even to the stage of a full study. Although all technologies required for implementation are available
within the UK there is no funding mechanism for its development, as the idea originated within a PSRE. A
further barrier to funding is the wide range of applications it would address, underpinning, measurements
of the Oceans, Land and atmosphere for Earth Observation and measurements of the Sun. Each of these
applications is considered separately when evaluating a project for funding. All four academic communities
are supportive of the aims of the project but find it diYcult to pool resources for a shared mission, which
they perceive has a large “operational” component, and insuYcient focus on each of their own individual
objectives.

EO does not as yet have suYcient priority within any one government department for data quality to be
seen as a driver, or for which the additional international kudos that would be generated, to be considered
important.

However, with the international community starting to request a mission for which TRUTHS is the only
currently proposed response, it will not be long before the ideas are exploited elsewhere. This will result in
a lost opportunity for the UK to lead a project that provides the foundation of data quality for Earth
Observation measurements in the future, which will underpin policy decisions that aVect the future of the
whole planet.

October 2006
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Memorandum 50

Submission from Thaddeus R F Fulford-Jones

As a 24-year-old postgraduate student in aerospace engineering, I have a deep interest in and concern for
the future of UK space-related activity. Although I am a British Citizen, I currently study in the USA at the
Massachusetts Institute of Technology. When I applied to PhD programs in early 2005, it quickly became
clear that there were very few opportunities for space-related research in the United Kingdom, and that
subsequent career prospects in Britain would be very limited for someone with my interests and expertise.
I had to enroll at MIT in order to achieve my academic goals. I look forward to a time in the future when
there will be substantial space-related activity in the UK, funded at a level suYcient to attract world-class
researchers and scientists.

With appropriate allocation of resources and full government backing, there is no reason why aUK space
program could not inspire and empower young people to rebuild British excellence in science and
engineering.

October 2006

Memorandum 51

Submission from UK Space Biomedicine Group

Executive Summary

1. The UK Space Biomedicine Group (UKSBG) was formed in 2004 and represents the interests of the
UK space biomedical community.

2. The space environment aVects human physiology in a number of unique ways. Increased
understanding of these eVects is not only useful in preparing for exploration-class missions to the Moon
andMars, but will also provide new diagnostic technologies and therapeutic techniques for terrestrial health
problems.

3. Space biomedicine also encompasses inter-disciplinary technology development, and occupational
health and passenger safety issues for space tourism.

4. There is currently no support for space biomedical research in the UK. This is due in large part to the
UK’s policy of non-participation in programmes of international human space exploration, and the lack of
a suitable funding mechanism.

5. Several issues that were raised in the Government discussion paper “Science and Innovation Investment
Framework 2004–14: Next Steps” are directly relevant to the field of space biomedicine. These issues include
bias unfairly favouring established research fields, and funding mechanisms that are not responsive to new
research challenges.

6. Three recent reports have concluded that there are advantages to UK involvement in human space
activities: the Report of the Microgravity Review Panel; the Report of the Aurora Cross-Council Meeting;
and most recently the Report of the Royal Astronomical Society Commission, which undertook a nine-
month review and concluded: “We therefore recommend that HMG re-evaluate its long-standing
opposition to British involvement in human space exploration.”

7. The UK intends to participate in the robotic aspects of the European Space Agency Aurora
programme, but plans to defer the decision on the human phase until much later. The UKSBG believes this
approach is fundamentally flawed, andwill lead to the exclusion of theUK from any significant role in future
programmes of human space exploration and deny us the wide range of benefits that might otherwise be
gained.

8. In addition to the unique scientific opportunities that further participation in programmes of human
space flight promise to deliver, theUKSBGhas also identified educational and cultural benefits whichmight
derive from these pursuits. Human space flight is a first-class vehicle for science education at all levels and
is highly eVective in facilitating the communication of scientific ideas to lay public audiences.

9. In summary, the UKSBG welcomes this inquiry into UK space policy and we strongly believe that
there is a unique opportunity at this time for the UK to become involved in human space activities,
particularly in relation to space biomedicine. The inherent opportunities for high quality science, major
advances in human healthcare, development of existing UK expertise (as represented by the UKSBG) and
the inspiration of future scientists should not be ignored. If this potential is to be realised then it must be
developed now, otherwise disintegration of UK expertise and rapid international maturation of the field will
soon exclude the UK from any significant future involvement.
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Detailed Submission

10. The UK Space Biomedicine Group (UKSBG) was formed in 2004 and consists of a network of UK-
based medical and science professionals with interests in space life sciences (representing the majority of the
UK space biomedical community) who have a comprehensive understanding of this field and links to
national and international scientific institutions.

11. The space environment aVects human physiology in a number of unique ways and research targeted
at further understanding these changes is currently the focus of space biomedical programmes worldwide,
particularly with the new emphasis on exploration-class missions at the National Aeronautics and Space
Administration (NASA) and European Space Agency (ESA). For example, the National Space Biomedical
Research Institute (NSBRI) in the USA has identified the following twelve research areas as being of critical
importance to human space exploration: bone loss; cardiovascular alterations; human performance factors,
sleep and chronobiology; immunology, infection and haematology; muscle alterations and atrophy;
neurobehavioural and psychosocial factors; nutrition, physical fitness, and rehabilitation; radiation eVects;
sensorimotor adaptation; smart medical systems; technology development; and space medicine.

12. In addition to their space implications, these research areas are also relevant to healthcare and
economic prosperity on Earth, as improved understanding of these areas will provide novel therapeutic
approaches and diagnostic techniques for a variety of terrestrial medical problems. For example,
microgravity in low Earth orbit causes progressive bone demineralisation which occurs despite current
countermeasures. The physiological mechanisms underlying these eVects are not well understood and
increased understanding of these mechanisms could dramatically improve the understanding and treatment
of osteoporosis, which has high levels of morbidity and mortality in our increasingly elderly population.

13. Because space biomedicine is intrinsically inter-disciplinary, there are excellent opportunities for
technology development. Some examples of existing benefits to healthcare from space activities include
improvements in medical imaging, blood-pressure monitors, ECG electrodes, paediatric vision screening,
and infra-red aural thermometers. Space biomedicine also covers the occupational health and passenger
safety aspects of the developing space tourism industry. This illustrates the broad scope of space biomedicine
and some of the opportunities for excellent research in this rapidly developing field of science.

14. However, there is currently no funding for this field in theUK, for twomain reasons: firstly, the long-
standingGovernment opposition to any involvement in human space exploration; and secondly, the current
operational structure of the Research Councils, which does not allow a funding mechanism for space
biomedicine.

15. Earlier this year, theUKSBG submitted a response to theGovernment discussion paper “Science and
Innovation Investment Framework 2004–14: Next Steps” (March 2006) and several points are relevant to this
inquiry. Chapter 5 of the discussion paper highlights the importance of “Supporting world-class health
research” and states that “Health Research and Development (R&D) is an area of UK strength, promoting
health and economic gains”. It seems inconceivable, considering our current strength, that the UK will
completely ignore a developing field of health research, as this will undoubtedly result in a dramatic loss of
opportunities in the future.

16. Members of the UKSBG have previously discussed the issue of space biomedicine with Government
representatives, and have been asked to provide evidence for the expected innovations and spin-oVs. This
has been provided, but one should note that this has not been required of existing fields of science that are
highly funded (for example, particle physics) and this is contrary to the statement “TheGovernment cannot,
and should not attempt to, predict where and in what form these innovations will occur . . .” in Chapter 2
of the discussion paper, which rightly recognises the likely benefits from serendipitous discovery and
innovation inherent to any excellent field of research.

17. The current operational structure of the Research Councils is the second main factor preventing the
progress of space biomedical research. The current division of labour into the Medical Research Council
(MRC) and Particle Physics and Astronomy Research Council (PPARC) creates a situation where neither
Research Council has the incentive to take responsibility for funding this new field of study. Studies
involving space life and medical science generally fall between the stools defined by the research councils.

18. As a direct result there is currently no suitable fundingmechanismwhich could be used to support the
development of a UK space biomedicine programme. This unsatisfactory situation is relevant to Question 2
in the discussion paper: “The Government invites views on measures to remove any remaining bias which
unfairly favours established research fields over innovative ones. TheGovernment also invites views on how
funding mechanisms can be made more responsive to new research challenges.” The UKSBG would like to
request that this inquiry consider the most suitable mechanism for funding the inter-disciplinary field of
space biomedicine.

19. At this time, there is a nascent eVort in the UK (represented by the UKSBG) to establish such a
research programme in space biomedicine, but this is currently only supported by ad hoc funds and cannot
be sustained indefinitely in the absence of formal, centralised funding.
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20. Although the UKSBG is primarily concerned with the space biomedicine perspective, we would
emphasise that there are several other aspects of human space exploration that are also directly relevant to
this inquiry, and we would draw your attention to three recent reports that have concluded that there are
advantages to UK involvement in human space activities.

21. The Microgravity Review Panel57 (15 January 2003) chaired by Professor Wakeham recognised that
access to European Space Agency (ESA) microgravity facilities “would support the work of many high-
quality UK researchers carrying out work of fundamental importance.”

22. The Report of the Aurora Cross-Council Meeting (7 May 2004) recognised that there is “significant
support from some parts of the community for the human component of the Aurora programme for the
purposes of planetary geological exploration, medical research and for public outreach. It was recognised
that these arguments for participation in the human spaceflight aspects reinforce each other.”58

23. Most recently, the Royal Astronomical Society (RAS) Commission on the Scientific Case forHuman
Space Exploration, chaired by Professor Close, OBE, undertook a nine-month review of the evidence for
human space exploration including the broader context for the UK. Despite the Commission’s self-
acknowledged initial scepticism, the Summary of their Report (18 October 2005) stated that: “we have
nevertheless been persuaded by the evidence presented to us that there is science of profound interest to
humankind that can only be pursued on theMoon or Mars by the direct involvement of humans in situ. We
accept expert opinion that autonomous robots alone will be unable to realise those scientific goals in the
foreseeable future.” With regard to the commercial implications of human space exploration they stated
that: “Evidence from NASA and ESA surveys have shown a significant economic multiplier from
investment in space projects, with an additional overall gain in competitiveness.”

24. In summary the RAS Commission59 stated that: “The wider commercial, educational, social and
political benefits add justification to the substantial expenditure that full UK participation in an
international programme of Human Space Exploration will require. The BBC poll of public opinion
suggests that there would be strong support for such involvement. Recent developments across the world
strongly suggest that after a 30-year lull space-faring nations are gearing up for a return to the Moon and
then to Mars. It is hard to imagine that the UK, one of the world’s leading economies, would not be fully
involved in global scientific and technology endeavours with such strong potential to inspire. We therefore
recommend that HMG re-evaluate its long-standing opposition to British involvement in human space
exploration.”

25. There is now an excellent opportunity for UK involvement in human space activities through our
participation in ESA’s Aurora programme. The UK is currently signed up to the initial stages and intends
to participate in the robotic aspects, but intends to defer the decision on the subsequent human phase until
much later. The UKSBG believe that this approach is fundamentally flawed. If the UK follows its current
course it is highly likely that, after a further period of non-participation, the current window of opportunity
will have closed, and the UK will not have the critical mass of expertise required to influence the direction
or progress of well-established international human space research programmes. This will place the UK at
a severe disadvantage in the later stages of Aurora, and exclude us from the major scientific, technological
and economic benefits of a thriving international space biomedical research community. It is also likely that
this would exclude the UK from any significant participation in the human aspects of Aurora altogether.

26. Such a situation would undoubtedly fail to inspire students into science, and many of the scientists
that the UK will produce will recognise the lack of opportunity in the UK and emigrate, leading to a brain
drain and a further decline in UK science. If the UK is to have any chance of playing a leading role in the
future of space biomedical research, and gain the broader benefits of participation in human spaceflight,
then further, formal involvement in human space exploration is required now.

27. With regard to the terms of reference of this inquiry:

— there is currently no investment in UK space biomedical research and therefore the UK has no
international competitiveness in this sector;

— current space policy will deny the UK the significant benefits to be gained from participating in
the human aspects of the ESA Aurora programme;

— there is no UK provision for space biomedicine, which is a significant field of space-related
research; and

— the UK is ignoring its skill base in this area, which is in urgent need of support.

57 http://www.microgravity.ac.uk/recommendations.pdf
58 http://www.star.ucl.ac.uk/xiac/Cross–Council–Report.pdf
59 http://www.ras.org.uk/images/stories/ras–pdfs/Final%20Report%20October%202005.pdf
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28. In summary, the UKSBG welcomes this inquiry into UK space policy and we strongly believe that
there is a unique opportunity at this time for the UK to become involved in human space activities,
particularly in relation to space biomedicine. The inherent opportunities for high quality science, major
advances in human healthcare, development of existing UK expertise (as represented by the UKSBG) and
the inspiration of future scientists should not be ignored. If this potential is to be realised then it must be
developed now, otherwise disintegration of UK expertise, against a the background of the rapid
international maturation of the field, will soon exclude the UK from any significant future involvement.

29. UKSBG recommendations for action:

— reconsider the policies that currently exclude the UK from all human space exploration activities;

— support and develop existing UK space biomedical expertise;

— create a suitable funding mechanism to allow space biomedical research to be undertaken in the
UK; and

— recognise the danger of deferring the decision on the human aspects of Aurora, and commit to full
participation as a major investment in the future of UK science and healthcare.

October 2006

Memorandum 52

Submission from the Arts Catalyst

1. Summary of Main Points

1.1 The Arts Catalyst is a contemporary arts commissioning organisation based in the UK with an
international profile and programme, funded by the Arts Council of England to develop artistic activities
and events relating to science and technology. The Arts Catalyst has been investigating space research in
pioneering artistic projects since 1997 and has organisedmany art exhibitions, events and education projects
on this theme. In 2005, The Arts Catalyst was commissioned by the European Space Agency to lead a study
into cultural utilisation of the International Space Station.

1.2 The Arts Catalyst recommends to the Committee that increasing public awareness and involvement
should be an intrinsic part of the UK’s space policy and that artistic and cultural activities relating to space
are an important way to strengthen public engagement.

1.3 It has been The Arts Catalyst’s experience in organising art-science exhibitions and events that the
theme of space has wide and enduring appeal to the general public. Above all, the theme of human
spaceflight has been a key interest factor in engaging people with our work.

1.4 The response of teenagers and children in particular to the idea of space—and particularly human
space exploration—is consistently one of enormous enthusiasm.

1.5 We recommend that the UK reconsider its position in relation to human spaceflight, given that it
would provide enormous inspiration and incentive to a new generation of children to study science and
technology.

2. Brief Introduction to the Arts Catalyst

2.1 The Arts Catalyst, the science-art agency, is a contemporary arts commissioning organisation based
in theUKwith an international profile and programme. TheArts Catalyst has a 13-year proven track record
in making connections between new art movements and science in ways that have been shown to appeal
both to the arts world and to a wide public audience, and funded by the Arts Council of England precisely
to develop artistic activities and events relating to science and technology.

2.2 The Arts Catalyst has an extensive educational programme, devising and running projects that
explore scientific concepts and issues through the arts. We work with primary and secondary schools,
mainstream and special schools, colleges and organisations outside the formal education sector.
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3. Factual Information We Would Like the Committee to be Aware Of and Any Recommendations

We Would Like the Committee to Consider Including in Its Report

3.1 The Arts Catalyst’s Space Programme

3.1.1 The Arts Catalyst has been investigating space research in pioneering artistic projects since 1997.
We currently hold a contract from the European Space Agency to develop a cultural policy for the
International Space Station. The Arts Catalyst has organised zero gravity flights for artists and scientists
with the Gagarin Cosmonaut Training Centre, set up artists’ residencies in space research facilities, enabled
projects that interface with astrophysics research, and facilitated both hi- and low-tech aeronautics and
space projects, using rockets, meteorological balloons and unmanned surveillance airplanes.

3.1.2 Involving culture in space research and exploration activities is an innovative way of directly
sharing the space endeavour, not only with artists but with the wider public through the experience of art.
Contemporary artists create new images and visions that help us to form our perception of the world. They
provide a diVerent perspective from that within the space community.

3.1.3 We believe that the arts world has created an enormous amount of public exposure and discussion
of current issues in space exploration.

3.1.4 The European Space Agency appears to appreciate the contribution that the cultural community
can make in commissioning our study for them into cultural utilisation of the International Space Station.

3.1.5 We recommend that increasing public awareness and involvement should be an intrinsic part of the
UK’s space policy and that artistic and cultural activities relating to space are an important way to
strengthen public engagement.

3.2 Interest in Space among the General Public

3.2.1 The Arts Catalyst’s many exhibitions and events in this area during the last eight years include the
recent major exhibition and event Space Soon—Art & Human Spaceflight in September 2006 at the newly
reopened Roundhouse in Camden, North London. In the last few years, other Arts Catalyst space-related
events include Simon Faithfull’s Escape Vehicle No 6, which launched a chair to the edge of space, Flow
Motion’s Astro Black Morphologies, a dialogue between astronomy and electronic “dub” music, and the
Artists’ Airshow, a day of art and flying which attracted a wide family audience to the now-deserted
Farnborough Royal Aeronautical Workshops,

3.2.1 It has been our experience organising art-science exhibitions and events, that the theme of space has
wide and enduring appeal to the general public. Our “space” programme has continued to expand,
responding to the enthusiasm and interest from our audiences and participants. Above all, the theme of
human spaceflight has been a key interest factor in engaging people with our work.

3.3 Interest in Space among School Pupils

3.3.1 The Arts Catalyst’s education programme currently includes a major project with artist Kate
Tierney working with Mulberry School for Girls (secondary school), Tower Hamlets, London to make a
time-line to show the 13.7 billion year history of the universe along a 100 metre corridor. Recently, we
organised the Near Earth project, a week of workshops for young people (14–19 years) at the Roundhouse
in London to explore space through digital photography, animation, sound and music, drama and the
performing arts. For three years, Arts Catalyst ran the ZeroGravity programme in London primary schools
exploring the theme of gravity and zero gravity through dance, science and art.

3.3.2 The response of teenagers and children in particular to the idea of space—andmuch of the time they
assume this to mean or predominantly include human space exploration—is consistently one of enormous
enthusiasm, propelling them to ask how they might find out more and begging their teachers to “do more
space stuV” at school.

3.3.3 Many pupils have said to us that space is the only area of the science curriculum that interests and
engages them, appealing to their imagination and sense of awe and wonder, in a way that the rest of their
science lessons leave them relatively cold.

3.3.4 Of course, the one question we are asked above all others by school pupils is: “What do I need to
do to be an astronaut?”

3.3.5 It is beyond all frustration to have to answer: “Well, to have or to acquire a nationality other than
British would be your essential starting point”, rather than to be able to pick up on their natural enthusiasm
and point them to the advantages of studying science, technology and design, not to mention business
studies!

3.3.6 It is clear, from our experience of organising space-related education projects in schools over the
last seven years, that the theme of space, particularly human spaceflight, acts as a real incentive to children
and young people to study science and technology. It is also clear that Britain’s lack of involvement in
human spaceflight acts as a disincentive.
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3.3.7 We recommend that the UK reconsider its position in relation to human spaceflight, given that it
would provide enormous inspiration and incentive to a new generation of children to study science and
technology.

3.4 Public Awareness of British Policy relating to Human Spaceflight

3.4.1 It is interesting to note that it is little known among the general public that Britain does not
participate in the international human spaceflight endeavour. When we point this out to audiences, they are
generally astonished and often very disappointed.

October 2006

Memorandum 53

Submission from Jerry Stone

I have had a keen interest in space research and exploration since early childhood, following the space
programmes of the USA and USSR. I have built up a large collection of material on the subject, which I
use in presentations and public exhibitions. I gave my first talk on space exploration in 1969 whilst still at
school, and since then have given several hundred. My work has been recognised by various organisations,
including NASA.

I am now a freelance presenter on space and astronomy, and give presentation across the UK and abroad
to all types of audiences. I am currently developing a range of workshops for schools on astronomy and
space.

I am a Fellow of the British Interplanetary Society and the Royal Astronomical Society, a Director of the
Mars Society UK and Vice-Chair of the Space Education Council. I am also Director of the Sir Arthur
Clarke Awards, which recognise and reward the best of UK space achievement.

Executive Summary and Recommendations

Space probably aVects more aspects of our lives than any other subject. For many, particularly young
people, it is the most inspiring topic. Yet most of that inspiration comes from the activities of other nations.
I believe that the UK’s position with regard to space could be much greater than it is. Were this to be so,
there could be great economic benefit to the country, and yet this could be achieved without additional
Government spending, but merely by reallocation of existing funds.

This situation could be achieved via the following recommendations:

— Greater emphasis on space topics in schools, tapping in on the highly inspirational value of the
subject, and encouraging pupils to study the STEM subjects—science, technology, engineering
and mathematics. This would help reverse the appalling downturn in the number of students
taking these subjects at A-Level.

— A UK manned space programme, providing for involvement on the International Space Station,
and—in the future—the possibility of UK involvement with plans for missions to the Moon
and Mars.

— A UK Space Agency, with the ability to direct space policy, and the budget to realise it.

One result of the above actions would be to help ensure that we had the technological resources—in
personnel, research and facilities—to meet the many challenges that we will face as a nation in the future.

Other outcomes would be an increase our national self-esteem, and placing us more at the forefront of
Europe, which has been a stated aim of the Prime Minister.

General Statement

The UK public is extremely interested is space research, and even more so when the project concerned
has a high UK involvement. This was dramatically borne out with the Beagle 2 project, and, to a slightly
lesser degree, the Huygens probe which landed on Titan. Yet many people were unaware that the UK had
a space programme that pre-dated Beagle 2. This was reflected in the cover of a brochure from the “Case
For Space” group, which had a cover which read; “Space: Britain’s best kept secret!”

The situation is that, for the most part, our involvement with space is low-key. In the field of space
exploration, it is current policy only to be involved with robotic probes, in the belief that they provide the
best value formoney.However, during the first 330 days on the surface ofMars, the Spirit rover only covered
3.9km. This can be compared with the 35km covered in just three days by the astronauts of Apollo 17. In
addition, in their 22 hours on the surface, the Apollo 17 astronauts obtained a 3 m deep core sample of the
regolith,measured the lunar heat flowby sinking thermocouples about 2mbelow the surface, deployed eight
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explosive packages around the Taurus-Littrow valley as part of an active seismic profiling experiment,
measured the local gravity field, measured the mechanical and electrical properties of the lunar regolith, and
performed a number of additional surface experiments—all in just three days of field work! Although we
are not yet in a position to send astronauts to Mars, there can be no doubt that human exploration is order
of magnitude more eYcient than robots, and they can perform activities that robots simply cannot.

Space research, and particularly space exploration, is the most exciting and inspiring human activity there
is. I will never forget that magical night back in 1969 when Apollo 11 landed on the Moon, and I was able
to watch, live, as men from Earth walked for the first time on the surface of another world. Now I give
presentation to audiences who weren’t born until after the last man had walked on the Moon, and, until
recently, they had always asked: When will we go back?”. Nowadays people ask; “Why isn’t the UK
involved? Why don’t we have astronauts on the International Space Station?”.

In July, I gave a presentation in the Space Pavilion at the Farnborough Air Show. I mentioned that the
recent space shuttle mission had included Piers Sellers, who was born in Sussex, but had to become a US
citizen in order to become an astronaut. Another member of the crew was Thomas Reiter, a German
astronaut who is staying on the ISS for six months as a member of the main crew. Reiter is one of four
German astronauts, who are in turn members of the European astronaut corps. The others include four
from Italy, three from France, and once each from Spain, the Netherlands, Switzerland, Sweden and even
Belgium, which spends far more per head of population on space than the UK. The question I put to the
audience, and to you now is; “Are all these countries wrong in their belief in the value of a manned space
programme—or is it the UK that is out of step in its thinking?”

Yet the situation used to be diVerent. British explorers used to cover the world. Drake, Raleigh, Cook
and Shackleton were among those whose names stand out in history. Why shouldn’t the UK once again
have explorers that we can look up to, who can help expand the frontiers of our knowledge?

I took part in a meeting earlier this year at the British Interplanetary Society, on the subject of human
space exploration. The meeting was convinced that the arguments put forward showed the benefit of UK
involvement, and voted overwhelmingly in favour of a resolution which stated the belief that theUK should
play an active part in a human spaceflight programme, and thereby reap the benefits that such involvement
would oVer, and that such activities should be managed by an appropriate national body. This is described
more fully in the October issue of the BIS magazine “Spaceflight”. It suggests a programme at £10 million
per year, providing for two UK astronauts to fly two mission by Soyuz to the ISS over a five-year period.
This would give the ability to carry out UK science programmes, which is currently impossible due to our
lack of funding for elements of the ISS, such ass the European Columbus module.

Inherent in the recommendation is the establishment of a national space agency, which would have a
diVerent function from the BNSC, whose remit is to co-ordinate UK space activity, rather than to direct it.
I believe that the lack of such an agency is holding us back from being able to propose and carry out national
space activities.

Such a programme would have an enormous inspirational eVect on school pupils, and would help reverse
the current downturn in the numbers taking science and mathematics at A-level. The following in appendix
1 shows the reduction of A-level entries between 1991 and 2003.

This represents a wastage that we cannot aVord. It also reduces our ability for future involvement in
activities in science and technology to come, for the youngsters of today will be involved in the projects of
tomorrow.

The question that is most often put is how theUK could aVord to be involved in space exploration. Firstly
the fact is that the UK has the world’s fifth greatest economy. I have also show above that the costs of a
programme need not be dramatic. However, there is already an area of government funding that could
provide far more than the most ambitious programme would require. The following graph shows the
amounts that were assigned to cover the costs of clinical negligence between 1996 and 2003. The blocks in
green represent the amounts actually paid out during this period, which fortunately have declined. However,
in addition, other amounts, shown in red, were put into a fund intended to cover future claims. What is
remarkable is that, although in 2003–04, only £10.5 million was paid out, nearly £2 billion was added to this
fund, increasing its total to nearly £8 billion. The small light-blue block show the annual UK space budget,
and the dark blue block shows the expected cost of involvement in the construction of a lunar base by the
European Space Agency.

I believe that the benefits of space research should be promoted more widely to the public and in schools.
2007 marks the 50th anniversary of the space age, and would be an ideal time for such a programme of
outreach and education.

October 2006
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APPENDIX 1

REDUCTION IN A-LEVEL ENTRIES
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Memorandum 54

Submission from the Centre for Aviation, Space and Extreme Environment Medicine

Executive Summary

1. In recent years there has been a re-evaluation of the relative merits of human space exploration and a
more mature analysis of the potential advantages that this field might yield for the UK. Several impartial
reviews of this subject (Holdaway 2004,Wakeham 2003, Close 2005) have deconstructed the long held belief
that the UK has nothing to gain from Human Space Exploration and that human space flight (HSF) is not
in this country’s strategic interests.

2. Both the Microgravity Review Panel (2003) and the Aurora Cross Research Council Report (2004)
suggest that HSF programmes would yield many benefits to the UK and warrant further investigation. The
Royal Astronomical Society’s Commission on the Scientific Case for Human Space Flight in 2005, the most
comprehensive, impartial review of its kind, concluded strongly in favour of human space flight.

3. There exists at this time in the UK a critical mass of individuals and organisations with an interest in
human space flight and a significant level of technical expertise in this field. Amongst these is a growing
number involved in space biomedical research. This community has developed over the past seven years
largely through the implementation of the strategy proposed in 1999 by the UK Space Biomedical Advisory
Committee (UKSBAC) and, despite limited resources, has been successful in engaging in research and
educational projects with international space partners including the European Space Agency (ESA) and the
National Aeronautics and Space Administration (NASA).

4. Over the past seven years the scientific, educational and cultural benefits of further participation in
human space exploration programmes have been demonstrated repeatedly (Fong 2005, Crawford 2004).
This same period has seen a progressive and alarming decline in the uptake of science at school and
undergraduate level with the closure ofmanyUniversity science departments (Smithers 2006). Human space
flight is a first class vehicle for science education and the communication of scientific ideas to students at
all educational levels. Outreach and the public communication of scientific ideas has been an integral and
successful part of the UKSBAC strategy and our experience suggests that it provides role models and
context which drive enthusiasm.

5. Despite these arguments cost remains the principal obstacle to UK re-engagement in programmes
of human space flight. Entry to the ESA astronaut programme would require an annual subscription of
150 million Euro, a sum which is clearly prohibitive at this stage.

6. There is an alternative: NASA is now committed to returning to the Moon and continuing with the
human exploration of the Lunar surface. As a result the agency is currently in the process of seeking
international partners to collaborate in this eVort. In this climate it might be possible to engage in a limited,
less costly, bilateral agreement with NASA with the goal of further developing UK interest and expertise in
human space flight in the hope that we might later be able to participate in the proposed programmes of
lunar exploration on more equal terms.

7. In summary it is felt that, with the evidence derived from recent investigations, NASA’s renewed
commitment to human space flight and the critical mass of researchers with relevant expertise that currently
exists in theUK, this is an opportune time to consider re-engagement in international programmes of human
space flight. Through the eVorts of UKSBAC, UK Space Biomedical Group and with assistance from the
international space community we have demonstrated that a UK user community exists, that the science
is of appropriate quality (Close, 2005) and that there are in addition educational and cultural benefits to
be reaped.

8. The past seven years have seen a dynamic evaluation of the costs and benefits of human space flight by
UKSBACand related organisations. To prevent stagnationwe propose that this evaluation should continue
through strategic, bilateral agreements with NASA. This would allow the UK to further develop expertise
in this field and evaluate the relative costs and benefits of this programme while deferring the much higher
programmatic costs until a more complete picture can be gained. It would allow interested parties to set
specific metrics by which success or failure of the programme could be judged, and would allow more
informed arguments regarding the merits and demerits of human space flight to be made. It would also
preserve the experience base developed over the past decade and the critical mass of expertise that currently
exists. Such a programme could be managed at a small fraction of the annual ESA subscription costs and
would serve as a logical next step in out strategy of dynamic evaluation.
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Detailed Submission

The Development of the Space Medical and Life Sciences Community in the UK

In December 1999, in partnership with British National Space Centre, Dr. Kevin Fong organised the
Futures in UK Space Biomedical Education and Research Conference at University College London. 152
delegates attended, including senior oYcials from the European Space Agency, NASA and the United
States’ National Space Biomedical Research Institute. At a meeting held immediately after the 1999
conference the UKSBACwas created. The goal of this committee was to gather intelligence from the wider,
international space community, to guide development of UK strategy and to forge new links between
international research groups and UK laboratories. UKSBAC met annually with senior representatives
fromNASA, ESA and BNSC. A five-year, 3 Phase strategy was agreed upon. Phase 1 proposed the function
of the UKSBAC as a steering committee and the establishment of an undergraduate education course in
Space Medicine at a UK centre of excellence. This “bottom-up” approach was a departure from previous
strategies and facilitated progress where resources were scarce.

Phase 1: 1999–2000

The Phase 1 goals were achieved by the end of 2000 with the launch of the Space Medicine and Extreme
Environment Physiology undergraduate course at University College London. Now in its sixth year with
over 150 alumni it is amongst the most popular courses in the final year of physiology at UCL.

Phase 2: 2001–02

Phase 2 proposed the establishment of a research group capable of identifying opportunities and
generating a nucleus research eVort. This was achieved through the creation of the Centre of Aviation, Space
and Extreme environment medicine (CASE) at UCL in 2002. CASE, a small research group comprising
physicians and scientists with an interest in the parallels that exist between extreme environment physiology
and critical care medicine, took command of the undergraduate programmes at UCL and created further
opportunities for student placements with NASA and ESA.

Phase 3: 2003–04

Phase 3, proposed the establishment of a multi-centre eVort in UK space medicine and physiology.
UKSBAC indicated that, in the absence of large scale supporting funds from an external source, this goal
was unlikely to be achieved. Indeed in the absence of evidence of a change in stance from UKGovernment
ESA formally withdrew its support for human space flight related research and education activities in the
UK in 2004.

9. The Current UK Space Life and Medical Science Community

Despite the lack of formal funding structures a large number of individuals and organisations have
continued to pursue their interest in biomedical science. This state of aVairs cannot be sustained indefinitely
and the eVort is in danger of stagnation and collapse if formal support does not materialise.

10. Currently we provide some support for the undergraduate community in the UK and facilitate
student placements at NASA and ESA field centres. There are no formal opportunities for postgraduates
and, at this level, further involvement in programmes of human space flight generally involve emigration
from the UK.

11. The existing research council structure is too narrow in remit to provide a mechanism for the funding
of this nascent eVort and, given that the benefits that would derive from human space flight activities go
across traditional boundaries between science, education and culture an alternative funding strategy is
perhaps required.

12. The Scientific Case

The Royal Astronomical Society’s (RAS) 2005 Report on “The Scientific Case for Human Space Flight”
(Close et al 2005) represents a current, comprehensive and impartial review of the arguments for and against
HSF and found strongly in favour of further participation in this field. The findings of this report are all the
more remarkable since the commissioners themselves admit to having started with the private the view that
HSF represented poor quality science and was not worth the expense. However they would finally
conclude that:

13. “In summary, we find that profound scientific questions relating to the history of the solar system and
the existence of life beyond Earth can best—perhaps only—be achieved by human exploration on the Moon or
Mars, supported by appropriate automated systems The wider commercial educational, social and political
benefits help justify the substantial expenditure that full UK participation in a future international programme
of HSE will require. A BBC recent web site poll of public opinion has suggested that there would be strong
support for such involvement by the UK. It is hard to conceive that theUK, one of the world’s leading economies,
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would stand aside from such a global scientific and technological endeavour. We therefore regard it as timely
forHMG to re-evaluate its long-standing opposition toBritish involvement in human space exploration.” (Close
et al 2005)

14. Life and medical sciences are also part of the scientific case for HSF (Fong, 2005). Weightlessness
oVers an opportunity to study fundamental properties of many biological systems, allowing us to compare
and contrast the physiology of space flight with the terrestrial disease processes that it reversibly mimics,
while furthering our understanding of both (Fong, 2004). The use of the space environment to investigate
physiology oVers a unique tool allowing biological systems to be studied at boundary conditions (Fong,
2001). The physiology of extreme physical environments, and microgravity in particular, has parallels with
the process of ageing and critical illness (eg Paloski et al, 2004). Of specific interest are the eVects of
microgravity upon the cardiovascular system (Zhang, 2001; Waters et al, 2002), muscle (Fitts et al, 2001),
bone (Turner, 2000; Vico et al, 2000), and the neurovestibular system (Lackner, 1992; Reschke, 2002).

15. Science Education and the Economy

Figures fromHigher Education Statistics Agency compiled in the 2005 paint a bleak picture for the future
of science and engineering in the UK. Comparing the year 2000 with 2003, the number of chemistry
graduates fell by 7.5%,whilst for physics the number dropped by 5.6%. (Higher Education StatisticsAgency,
2005). The more recent report on Physics in Schools and Universities published by Smithers et al is more
alarming still. Between 1994 and 2004, 24 physics departments closed. At the same time the number of UK
students reading physics fell by 905 (28.9%), including 166 from the 26 top-rated departments in the 2001
RAE (8.2%). (Smithers et al, 2006.)

16. This declining interest in science is progressive and nothing so far attempted has succeeded in slowing
this trend. The consequences of this and the threat that this poses to the economy are discussed in the
HM Treasury Report “SET for Success: the supply of people with science, technology, engineering and
mathematics skills” (Roberts, 2002).

17. At the same time, theDepartment of Trade and Industry’s five-year Programme, published at the end
of 2004, talks of the need to develop a ‘knowledge based economy’. This strategy depends upon the UK’s
pre-eminence in science. It is clear that this goal cannot be achieved given the progressive decline in the
popularity of mathematics and science at school, undergraduate and postgraduate levels.

18. The popularity of science throughout the education system in the UK is plummeting. It is worth
considering the potential impact that UK involvement in astronautics programmes might have. There is a
positive correlation between NASA’s allocated budget and the number of PhD’s gained in technical fields
in the United States. The relationship shows graduate numbers climbing steadily during the Mercury—
Apollo era from 1961 to 1972 and then falling progressively thereafter (Ehlmann et al, 2002). This should
not surprise us; space science, and in particular human space flight, has always been a first class vehicle for
science education.

19. HSF is especially well suited to the task of reinvigorating interest in science amongst our school
children and undergraduates: amultidisciplinary subject with an embedded human story, where cutting edge
science finds practical application in the most dramatic of fashions. This potential benefit was recognised
by the independent Microgravity Review Panel (Wakeham et al, 2003), which was established to examine
the case for UK participation in the exploitation of the International Space Station:

“We have also found considerable public interest in activities in space, particularly those that have
human involvement. This has been exploited by several space agencies to enhance the interest of the
community in science and its applications, and the UK could do the same.”

20. The programmes of scientific research upon which we embark at this time will be prosecuted not by
us but by the current generation of schoolchildren, a generation that is turning away from science as never
before. At a time when university science departments up and down the country are closing through lack
of students, can we aVord to ignore this aspect of human space flight activity?

21. Conclusions and Recommendations

There currently exists a critical mass of researchers with an interest in human space flight. The intelligence
gained through the Royal Astronomical Society’s eVorts, the Aurora Cross Council Meeting andUKSBAC
in favour of human space flight is current and, given that this has emerged through the exhaustive eVorts
of a large number of individuals working voluntarily, this is this is likely to be the most accurate and
complete picture that the UK will ever achieve.

22. If the UKbelieves that there may be a case to be put for a British astronaut at some point in the future
but not immediately one must ask how this case will be eventually be made? In the absence of further
engagement in programmes of HSF, the assembled groups and individuals that currently exist and serve to
gather intelligence will disband. In their absence there will be no mechanism to cultivate new researchers
with an interest in this area and there will exist no community who can inform future debate. In this regard
the “wait and see” approach is fundamentally flawed. This opportunity for re-engagement in the field of
human space flight is truly ephemeral. In the next five years the United Kingdom should extend its
evaluation of the case for human space flight through a cost eVective, bilateral agreement with an
international space agency partner, with NASA likely the best candidate.
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23. There is broad agreement that engagement in programmes of human space exploration would yield
a wide range of benefits to theUK, returning value across he spectrum from science and education to culture
and the public understanding of science. With the body of evidence presented on this subject by multiple
recent, independent reviews, we should carefully consider the cost to the UK of non-participation.

October 2006
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Memorandum 55

Submission from Dr Victoria Wykes

1. Summary

There are a large number of UK life science professionals who are interested and who have worked in
space-related projects at NASA and ESA as undergraduates.

However there are very limited postgraduate opportunities available in the UK.

People will leave the UK to pursue their aspirations.

This is a major loss to the UK in terms of academia, research and also commercially.

The committee must endorse space-related research and get the UK involved with this exciting era of
space exploration.
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2. Brief introduction/Background

I have always been fascinated by science and technology. At University College London I completed a
BSc (Hons) in pharmacology, and a combined medical degree and PhD in neural signaling. I am currently
working for the NHS as an academic neurology senior house oYcer at the Royal Free Hospital in north
London andworking as a post doctorial researcher at the Institute ofNeurology (http://www.ion.ucl.ac.uk).
My career path is to continue working as a neurologist and pursue my research interests related to
neurological dysfunction.

Whilst at medical school I was fortunate to be one of the few students to be selected on academic
achievement to attend the 2004 NASA Kennedy Space Center space medicine elective. This was a fantastic
experience to learn more about the physiological changes experienced in microgravity, many of these are
accelerations of medical conditions that occur terrestrially eg osteoporosis and cause much distress and
disability.

During my elective I collaborated on a project that had been commenced by a previous UK student on
a project to create a system that can filter drinking water to produce sterile medical grade water for injection
in a microgravity environment. This system is initially being designed for use in microgravity but has many
terrestrial uses such as in remote environments for humanitarian aid. Addressing both the technical issues
and life science problems associated with microgravity gives us a new tool for tackling and resolving many
terrestrial problems.

Since 2004 I have returned to Kennedy Space Center numerous times and given scientific presentations
of the work at the annual meetings of the American Space Medicine Association (http://www.asma.org/) in
both 2005 and 2006. I am a foundermember of theUKSpace Biomedicine Association and have been active
in organizing the conference and have presented scientific presentations. During my last job I spent all of
my personal annual leave (bar five days) on space-related research and self funded my attendance at space
conferences in both theUK and theUS. I amhighlymotivated to continue space-related research andwould
be prepared to travel for these opportunities.

3. The Information Committee Must be Aware That . . .

I am not alone in the position of people that I have worked at ESA or NASA facilities and are very keen
to pursue research in this area. However, research in this area is very limited in the UK as we are not an
active member of ESA and do not currently have funding bodies for space related life sciences. Many of us
are highly motivated to pursue life sciences research with an aspect related to micro-gravity. Having been
trained in the UK during 11 years of university education, I would be disappointed to leave the UK in order
to pursue a space-related life science research career. However, I am prepared to do this.

4. Recommendations That I would Like the Committee to Consider Including in its Report

I think that this is a very important time for the UK. NASA is gearing up to return to the moon, Mars
and beyond. There are numerous ESA funded life science research opportunities available eg the Toulouse
bed rest study that would be very interesting to collaborate on. These opportunities are only available for
undergraduates. However, there are no funded opportunities for post graduates. This is a real
disappointment for highly motivated individuals whowill ultimately travel abroad to be part of this exciting
cutting edge science and technology. It will be a tragedy if the UK does not engage in supporting space-
related research. Many of the initial science and questions are posed by academics in the UK and then
further research is conducted elsewhere. It is a real shame that many young vibrant multi-disciplinary
trained specialists will leave the UK to pursue their aspirations. I firmly believe that the Science and
Technology Committee on UK space policy must endorse space-related research.

October 2006

Memorandum 56

Submission from the British Interplanetary Society

Summary

UK Government space spending as a percentage of GDP is approximately a quarter of the average for
space-faring nations and is lowest by a considerable margin. This is due to the UK Government failing to
engage in any way in three quarters of the totality of space activities (the areas where the UK Government
is involved are financed at typical GDP levels). This unique funding pattern arbitrarily excludes British
scientists and industry frommany important fields, to the great detriment of the national good.We urge the
Committee to consider a more balanced and fair UK programme where the available money and
organisation allow all UK space professionals a chance to make world-class contributions.
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1. Introduction

1.1 The British Interplanetary Society (BIS) has been Britain’s premier society concerned with
astronautics and space technology since 1933. It is one of the oldest astronautical institutions in the world
with a worldwide membership (a third of the fellowship lives abroad). It was a founding member of the
International Astronautical Federation (IAF) and in 2008 the BIS will host the 59th Congress of the IAF
in Glasgow, welcoming up to 2,000 delegates from the entire international space community.

1.2 These occasions inevitably highlight the host nation’s activities in space. It is therefore timely that
Parliament through a Select Committee has again turned its attention to the state of UK space activity.
Despite previous Parliamentary Committees’ findings, that addressed many problems requiring attention,
we regret there remain significant weaknesses in UK space policy compared with other nations.

1.3 British space has much to be proud of, but we also have a uniquely unbalanced programme and it is
this that has created a dominating negative view of UK in space internationally, overshadowing the many
successes we do have. The Glasgow Congress would be a wonderful opportunity to publicise to the world
a new UK policy that is fairer to UK space professionals, more balanced in its objectives and more in line
with every other space-fairing nation.

2. The Lack of Balance

2.1 TheUKhas a honourable and recognized history of achievement in some areas of space applications,
for example in science, Earth observation and communications. The Case4Space study conducted by
UKSpace (and forming the basis of their submission to the Committee’s inquiry) has shown that these
activities have led to a significant and highly productive space industry worthy of continued support.

2.2 Despite this, the UK place in space is widely seen both internally and abroad as being weak—
illustrated by the fact that new space achievements are greeted by the media with the surprised question,
“Is Britain still in space?” The background to this perception includes the following factors.

— TheUKgovernment investment in space is absent in areas that other governments consider vital—
about one quarter in comparisonwith other European nations. A consequence is that inmany high
profile space activities Britain is conspicuous by its absence.

— UKspace business (as defined byEurospace) consolidated turnover in 2005wasƒ502million. This
is significantly lower than France ƒ1,838 million, Italy ƒ733 million, and Germany ƒ614 million,
even though these comparison figures are the most favourable they have ever been due to a slight
rise in the UK and a large drop in other European countries. (Source: ASD-Eurospace Facts and
Figures: the European Space Industry 2005.)

— UK has 2nd largest aerospace industry, but only 3% of this is related to space (Source: SBACUK
aerospace industry survey 2006). This compares with 10–15% for other European nations and 25%
for the USA.

2.3 All these factors come down to the lack of balance in what is supported by the Government. By
excluding three quarters of all space activity, the UK space budget is reduced to a quarter, but then so is the
consequent industry, and detail of what is excluded has a disproportionate impact on the up-steam (space
engineering) section and therefore aerospace industry particularly hard.

3. Applications

3.1 The first objective of the “UK Space Strategy 2003–06 and Beyond” is to “enhance the UK’s standing
in astronomy, planetary and environmental sciences.”

An objective that excludes all other science areas with an interest in using space capabilities from UK
government support and hence any chance of pursuing involvement in many important research
opportunities. The Government policy explicitly enshrines and endorses an unbalanced approach to space
research.

3.2 This exclusion is not because the UK does not have interest and world-class capability in these fields.
Microgravity applications represent an immediate example. The strength of UK science in space
applications to medicine, biology and materials science was demonstrated by the recent history of the 50
UK proposals to the ESA ELIPS programme—the European programme to exploit the research
opportunities of the International Space Station. This was a comparable number of proposals to the 53 from
France and the 56 from Germany, and they were judged by peer review to be of world-class quality. But all
are excluded from the programme because of their UK origins. The consequences of this will be a loss of
capability in many areas of critical interest to the UK, for example pharmaceuticals.

3.3 The reason so many areas are excluded is they often use a human space presence to conduct the
activity. There has been a long-standing resistance to UK involvement in manned spaceflight, an implicit
policy that has never been justified in any way. When pushed the unoYcial response reveals an incorrect
preconception regarding the relative costs on manned and robotic missions. In fact the costs of conducting
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scientific research on robotic and human space facilities fall into the same range and there is no real cost
diVerence between the approaches. Cost is certainly not a reason to exclude UK science researchers from
programmes such as the International Space Station.

3.4 We believe that the unbalanced policy has had serious consequences in terms of industrial,
commercial and scientific capabilities of the UK including the ability to draw the next generation into
science, technology, engineering and mathematics. The Case4Space studies have already uncovered strong
evidence of the unique inspirational role of Space in encouraging young people in these fields, but it is the
areas in which the UK does not participate (particularly human space flight) that have the biggest
inspirational impact and if the enthusiasm generated is not to be turn into disillusion the promise must be
fulfilled.

3.5 The uniquely negative UK policy on human spaceflight has been reconsidered from a number of
quarters recently including theRoyalAstronomical Society and theRoyalAeronautical Society. In response
to this renewed interest, the BIS held an openmeeting on 27May 2006 that was attended by many interested
bodies. The meeting unanimously agreed the resolution:

“This meeting recommends UK involvement in human spaceflight in order to benefit fully from the
opportunities that spaceflight oVers, managed by an appropriate national body.”

The resolution was later endorsed by the BIS Council on 9 September 2006 as part of Society policy and
we would commend it to the Committee.

4. Infrastructure

4.1 A feature ofUK space policy is that it solely focuses on applications, as laid out in the three objectives
outlined in “UK Space Strategy 2003–06 and beyond”. This has been interpreted to mean that UK
government will primarily consider involvement in downstream utilisation activities, and up-steam satellite
construction where it has a direct bearing on a downstream utilisation activity of interest. In particular this
has exclude the UK from any involvement in what is generically known as the space infrastructure, that is
launch systems, human spaceflight elements, and tracking and data relay systems.

4.2 Because UK space policy supports only applications, and not the capabilities required to support
those applications, there is a loss to the industry in business providing those support capabilities. For
example, theUKpays non-UKproviders to launch its spacecraft (up to 50%of the total space segment cost).
In addition, since those applications that the UK supports are incomplete, there is a further loss of total
business. In those areas supported by the UK, investment is similar to other space-faring nations on a GDP
basis, but this double exclusion from major areas results in a business only about 25% of expectation (even
after the over low spend is accounted for). Since the support activities represent those areas in which the
aerospace industry has tended to take an interest, this also explains why the space segment of the UK
aerospace industry is so small.

4.3 The consequence is that the fastest growing sector of the aerospace is largely denied to the UK
industry. Given the aerospace sector is such an important part of the UK industrial economy is a matter of
concern. Despite the lack of any Government support, UK privately funded initiatives have ensured there
is a considerable amount of world-class technologies and system expertise that could make the basis of a
competitive contribution in the development of the space infrastructure. However, because of global market
failure, without government support these are unlikely to be realised and the UK will lose out on the
important benefits that they could provide.

4.4 The House of Commons Select Committee on Trade and Industry found in its 10th report of the
1999–2000 session, which inquired into UK space policy, reached three recommendations and conclusions
on UK launch systems policy; they were:

“(p) The general perception among all those involved is that the Government and BNSC are
following a policy of no involvement in launchers. It is our strong impression that in the
BNSC there is a less than open mind on the use of public funds for launcher research and
development. If Ministers do indeed have an open mind on the use of public funds for
launcher research and development, they should make this explicit.

(q) We recommend that a review is undertaken of the UK’s participation in launcher
development programmes. Since no partner in the BNSC is likely to be fighting for UK
involvement in reusable launch vehicles (RLVs), we also recommend that this evaluation be
undertaken by a body independent of BNSC.

(r) The decision has now been made not to participate in the Future Launch Technologies
Programme (FLTP). The UK has, however, technical expertise in the area worthy of
maintaining and developing. We recommend that consideration should be given to ways of
maintaining and developing. We recommend that consideration should be given to ways
of fostering existing UK expertise in technical space infrastructure in the UK outside the
normal avenues of space technology funding.”
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With some small exceptions that seem to relate to personal initiatives of individuals rather than any policy
changes, the evidence presented to the Trade and Industry Committee remains valid and none of these
recommendations seem to have been acted upon. Certainly we are not aware of any public domain review
that has informed policy direction.

5. Conclusions

5.1 The long-standing UK space policy was been to only get involved with robotic applications when
there is an overwhelming case created bymature operational systems created by other nations. This is stifling
innovation even in the areas the Government policy will consider. In many other areas both applications
and the development of a space industry in its own right to support all applications theUK space community
is unable to meaningfully contribute.

5.2 The consequence of this unbalance is unfairness within both the science and the engineering
communities. This leads to many lost opportunities to exploit British expertise and is the reason the overall
wider space industry is small compared with other nations. The UK downstream industry should be three
times the size it is and the upstream (space engineering) industry should be between five and 10 times the
size. It is consideration such as this that have lead every independent review of UK space policy that we are
aware of to conclude the narrow scope it not in the national interest.

5.3 To redress the unbalance and unfairness will obviously require new money; making the UK overall
spend more like that of a typical space-fairing nation. However there also needs to be an organisation and
mechanism for spending that money. The long-standing UK problems are perpetuated because there is no
government institution or even person with the responsibility for these areas. This institution or institutions
(there are many models that can be considered) would enable the worth and potential of UK areas of space
expertise to be properly and objectively evaluated, and, where justified, funded as they would be in any other
developed nation. Such a change in the government’s organization and commensurate support would
release a new era of benefits of wider and greater impact than the past successful investment has provided.

October 2006

Memorandum 57

Submission from the British Association of Remote Sensing Companies (BARSC)

1. BARSC is a trade association established in 1985 to develop and promote the interests of UK
companies concerned with the application of remotely sensed data. BARSC is therefore concerned with the
downstream exploitation of data from Earth Observation (EO) satellites. The maturity of the EO
applications sector and its rapid convergence with several other technologies is approaching the point at
which, with the right investment, it will be a disruptive factor in new informationmarkets in the government,
professional and consumer sectors.

2. This submission is consistent with and builds upon previous communications from BARSC to BNSC
on our priorities for Earth Observation. It also takes into account the discussion at a recent BARSC/
DEFRA/BNSC workshop “Operational environmental sensing: Future UK policy drivers, technical
requirements and capabilities”. Presentations from that workshop and a summary of the discussion can be
found here: http://www.barsc.org.uk/news–&–events.htm

3. In summary BARSC wants the UK government to:

(a) Restore at least GDP-level funding by the UK to the Earth Observation programmes of ESA
and EUMETSAT.

(b) Through well-targeted national initiatives, support competitiveness of UK industry within
Europe in order to secure both financial return to UK on major future Earth Observation
programmes such as those of EUMETSAT (MTG) and EC/ESA (GMES), and UK socio-
economic benefits resulting from them.

(c) Strengthen measures to engage all sectors of UK government as key users of GMES benefiting
from the technology in terms of eYciency and economics.

(d) Ensure that the UK private sector has a fair opportunity to compete as a provider of Earth
Observation services at national level.

4. Supporting evidence for these recommendations is given in the accompanying memorandum.



3553511057 Page Type [E] 12-07-07 01:53:06 Pag Table: COENEW PPSysB Unit: PAG1

Ev 250 Science and Technology Committee: Evidence

Introduction

5. Applications of Earth Observation (EO) technology by individual BARSC members for the purposes
of both environmental sustainability and of wealth creation are described in the BARSC Brochure: UK
Industrial Capability in Earth Observation.59

6. In this submission we have concentrated on the industrial and commercial benefits of EO and on
wealth creation, we have deliberately not addressed the very substantial environmental and socio-economic
benefits of EO which are the subject of a recently published ESA study led by PWC.

7. BARSC members foresee that environmental sensor integration (of which observation from space is
an important part) is a new, disruptive technology that is having a strong beneficial impact on the UK
government and on British citizens. We would point to the impact of Google Earth and emphasise that this
is merely scratching the surface—operationalising space assets for making medium and high resolution
observations of the Earth is enabling a step change in the variety, quality and usability of up to date
environmental and security information.

8. We consider that strong UK participation in the development and running of operational European
observation systems will bring the following core benefits leading to a multiplier in wealth creation from the
downstream EO sector:

(a) Guaranteed availability and continuity of observations—lack of such guarantees have been
barriers preventing end users from committing to information streams based on EO.

(b) Quality assured products which are easy to use—this has been amajor factor in the operational
adoption of EO.

(c) A solid customer base within the government institutional sector—from this base of users, new
commercial (mass market and professional) applications can follow.

(d) A sustainable business case providing return on investment in UK infrastructure to support
the operational flow of data and services.

9. Lessons should be drawn from the 30 year history of how low resolution meteorological satellites
evolved from a supporting role to become indispensable.

10. An analogy can also be drawn between EO and satellite navigation. After many years as a technology
for professionals and enthusiasts “satnav” recently reached the mass market through (a) completion of the
technology convergence needed to enable eVective functionality at an acceptable price point and (b) assured
quality and continuity of the service. Both government RTD and government purchasing of services have
been significant factors in this.

11. EO is not yet as mature as satellite navigation, but there are major EO programmes under
development in Europe which will change this. The UK needs a coherent strategy for—and to make strong
commitments to—these EO programmes now, (especially GMES) not just to secure the end user benefits,
but also to secure the jobs and new downstreammarkets which will arise from implementing the technology
operationally.

The Impact ofCurrentLevels of Investment on Space-relatedActivities on theUK’s International

Competitiveness in this Sector

12. GMES represents the current single biggest opportunity for BARSCmembers, and the single biggest
threat if UK commitments in GMES services are weak compared to other leading European nations.

13. UK companies have had success in securing downstreamvalue adding roles in some precursorGMES
services: For example, BARSC members lead:

(a) the ESA supported RESPOND service for Rapid Mapping that supports response to natural
and humanitarian crises; and

(b) the ESA supported TerraFirma service that provides very accurate measurements of ground
motion, including building subsidence, over large areas.

14. However, this success can be traced to RTD investments that were made by the UK government in
EO applications development in the 1990s and before.

15. Since the mid 1990s it has been increasingly diYcult for UK EO value adding companies to compete
against those in Germany, France, Italy, Spain and smaller nations such as Austria and Belgium where
national support has been maintained or increased for EO applications development in the private sector.

16. In the area of EO data provision, UK government investment in BNSC’s MOSAIC programme has
resulted in UK business having an increasingly strong role providing optical imagery at the low resolution
end of the market through DMCii. This comes at a time when much more costly (factor of 100) but
technically much stronger programmes operated by France and the USA are faltering. So the timing is
excellent but complacency is not an option as the global demand for higher quality optical imagery exceeds
the current capability of the UK supply.

59 http://www.barsc.org.uk/Event%20reports/UK%20Industrial%20Capability%20in%20EO%20web.pdf
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17. A co-ordinated national action programme is needed nowandUKcommitment throughESA is also
needed to secure strong roles for the UK in the EC-funded implementation phase of GMES. Without these
measures the UK will get in a situation where it has no option but to buy services by proxy through the EC
from non-UK companies. Currently the possibility exists to ensure UK industry can compete for and win
a larger share of these roles, but the window of opportunity will close at the next ESA GMES funding
decision in 2007.

The Benefits and Value for Money Obtained from Participation in the European Space Agency

and Other International Programmes

18. The elements of ESA’s programme devoted to the development of downstream EO applications have
been less than 3% of its overall EO programme, yet it has had a very significant impact on the industry. This
funding should at least be maintained if not strengthened.

19. In BARSC’s view ESA has taken a highly eVective leadership role in raising the technology-
readiness levels of many EO applications. Measured in terms of outcomes (such as new customers, new
users, new operational applications), ESA activities such as EO Market Development, Data Use Element
and GMES Service Element have been significantly more eVective than equivalent activities in EC
Framework Programmes.

TheMaximisation ofCommercialBenefits andWealthCreation fromUKSpace-basedTechnologies

Through Innovation and Knowledge Transfer

20. Since 2003 responsibility for UK government investment in EO passed from DTI to NERC. Whilst
this has undoubtedly had a good eVect on UK science very little of this funding finds its way to support
knowledge transfer into the private sector. National spending on the pre-competitive development of
commercially operated EO applications has been negligible for more than five years. As a result the skill
base and the breadth of new commercial applications in which the UK is competent has dwindled.

21. There are identifiable structural and cultural barriers, in particular there is low motivation and few
incentives in the environmental research world to work with existing successful businesses on transferring
know-how and intellectual property related to EO applications. Where knowledge transfer in EO
applications does take place the majority is into government agencies rather than private companies. This
further weakens the possibility for the downstream industry to oVer services as the capability for
institutional in-sourcing is strengthened. BARSC is working with NERC on these issues.

22. Concerning the operation of EO services, BARSC members are anxious to ensure that the provision
of GMES services does not become wholly a responsibility of national public sector institutions or
international agencies (institutional in-sourcing). Whilst the oversight and provision for delivery of services
might reside with governmental organisations we would insist that much of the technical and operational
work should be carried out by private industrial entities under competitively contracted conditions.

23. Our case for industrialised services is based on:

(a) cost reduction by maintaining competitive conditions;

(b) enabling the innovation of new commercial services—this type of wealth creation simply will
not occur if services are delivered solely from inside public sector organisations; and

(c) staV attitudes, management and organisational structures in industry are geared to delivering
operational services eYciently and to agreed service levels.

The Delivery of Public Benefits from the Space-related Activities of Different Government

Departments (eg DEFRA, MoD, DTI, DfT), and the Co-ordination of these Activities

24. BARSC members currently deliver some EO services to government departments under
competitively contracted conditions. For example there is now a 15-year history in monitoring agricultural
subsidies using remote sensing. This model for service delivery has been eVective in driving down the cost
of services whilst allowing the private sector to develop the complex expertise needed, build infrastructure
capacity and thereby develop new business streams in new markets.

25. BARSC would welcome measures to ensure that this approach to procuring national services is
considered as a priority in the UK as new EO services are adopted across government.

26. Existing BNSC programmes such as GIFTSS can point to real success in getting government
departments to adopt EO applications as part of evidence based decision making. The scale of the GIFTSS
programme has been remarkably modest in relation to the potential returns and it has sometimes taken a
very long time to engage users in government—sometimes due to departmental reluctance. We would call
for stronger measures to eliminate barriers and strengthen the uptake of EO applications across
government—DEFRA is to be congratulated on its recent development of departmental best practice in
this respect.
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Support for Space-related Research and the UK Skills Base

27. Funding forNERC research in EO applications has been eVective in developingUK science. BARSC
has concern that the very advanced knowledge that exists in the research base is not being transferred
suYciently rapidly into the EO industry (as IPR or as skilled practitioners).

28. BARSC members would like the UK government to identify GMES facilities that might be hosted
within the UK because:

(a) UK-hosted services will create high value jobs in the UK, build up national skill levels and
capacity in the EO domain.

(b) UK-hosted services will inevitably bring international visitors to the UK.

(c) UK-hosted services, if set up and operated in the right way, can act as a catalyst for new value
adding services (both public and commercial).

(d) UK-hosted services will benefit from the significant industrial experience and expertise in
operating facilities of the type that are required for GMES.

29. This concludes BARSC’s written evidence to the Committee, please note that key recommendations
we would request the Committee to consider are contained in the covering letter on the first page of this file.

October 2006

Memorandum 58

Submission from the East of England Development Agency

The East of England is a strong region in terms of both production for space-related activities and for
original research in the same arena.

Having reviewed the Case4Space briefing document, we believe that it is a fair summary of the issues and
opportunities facing the space-related economy within the UK over the next couple of decades. We are
strongly supportive of its findings and recommendations as we believe that it is imperative that we continue
to invest in those industries and sectors where we can demonstrate clear and sustainable global leadership.

In particular, our ongoing commitment to the space industry will deliver:

— Clear opportunities to exploit knowledge transfer between the universities and industry.

— A global flagship knowledge-based industry from which to promote the UK.

— A long-term, profitable knowledge and manufacturing infrastructure.

— High added value jobs.

All of which are fully aligned to the aims of the development agency and the charge put upon it by
government.

October 2006

Memorandum 59

Submission from Dr Ben Douglas

Executive Summary

1. I am a General Practitioner with a dedicated interest in space medicine, and a high awareness of the
benefits to be gained from a thriving space biomedical research community in the UK. However, UK
opposition to human space activities means that there are currently no opportunities for space medical
education or research in this country. I have incurred significant financial penalties developing my expertise
in this rapidly developing field of medical science, and if the UK situation remains unchanged then it seems
inevitable that I will have to emigrate to pursue my vocation.

2. UK opposition to human space activities is inherently counter-productive. There are a broad spectrum
of benefits to be gained from involvement in these activities, including: scientific and technological advances,
consequent improved economic returns, cultural and political gains, and educational benefits.
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Detailed Submission

3. I am a General Practitioner currently working in central London. I studied medicine at the University
of Aberdeen, and it was in 1996 that I developed my passionate interest in space medicine. During a third
year summer research project in diving medicine I discovered a research paper discussing the rationale for
a decompression sickness treatment facility on a Moon base. This caught my attention, and led to me
undertaking my final year Elective at the National Aeronautics and Space Administration (NASA)
Kennedy Space Center (KSC).

4. I was the first non-US citizen to directly apply to the KSC Medical Student Education Program run
by the Biomedical OYce (two previous UK nationals had attended the KSC rotation after originally
attending other NASA centres). After six months of deliberations, KSC approved my application, and
opened their rotation to international applicants. The rotation provides the opportunity to study an
advanced field of medical science at an international centre of excellence. It is therefore no surprise that it
has become an extremely popular Elective for UKmedical students, and there is stiV competition for places
and a very high standard of applicants.

5. From a personal perspective, attending KSC was invaluable. In addition to expert tuition on space
medicine topics, observing operational space medicine, and undertaking original research into the medical
challenges of a humanMars mission, I was also fortunate enough to witness an entire Space Shuttle mission
(STS-96) from launch to landing, and to speak to the astronauts afterwards (one of whom was a medical
doctor and had featured in the BBC documentary “Astronauts” and another of whom subsequently died
in the Columbia disaster). The experience was profoundly inspiring, and increased my awareness of the
multitude of ways that human space exploration and space medicine are beneficial on Earth.

6. After graduating I undertook a self-constructed GP training rotation throughout Scotland, and
obtained Membership of the Royal College of General Practitioners (MRCGP). Despite my continued
dedication to space medicine, UK opposition to human space activities has severely impaired my ability to
develop my expertise in this specialty. Due to the complete absence of space medicine qualifications in the
UK (or the ability to be funded to study abroad, as the Japanese are) I am limited to obtaining an aviation
medicine qualification or pursuing another field of space science research, either of which I have to self-fund
(at considerable cost) by working evenings and weekends as a GP. Despite the fact that I would rather
remain in the UK, the total lack of postgraduate positions or research opportunities for space medicine in
the UK means that I will inevitably have to consider emigrating if the situation remains unchanged.

7. It seems completely ridiculous that space medicine, which is a respected specialty internationally, is
treated with a parochial disdain in the UK. Indeed, no other specialty is so utterly unsupported, completely
denied research opportunities, or demands that its practitioners pay such a financial penalty to progress in
their career. With a view to my UK colleagues (such as the members of the UK Space Biomedicine Group)
it is very clear that this situation cannot continue indefinitely. Their options, like mine, are limited to
abandoning space medicine or emigrating in the near future.

8. With regard to human space activities, some of the main benefits to be gained lie in the field of space
physiology and medicine (such as improved understanding and treatment of osteoporosis, radiation
protection, and immunology) but these health advances will only occur if there is a suYciently mature space
medical research infrastructure to investigate them. The UK has a strong health research base, yet the UK’s
expertise in this area is at risk of collapse due to lack of support.

9. It seems ironic that the UK has a strong tradition of supporting both scientific and exploration
ventures, and currently spends several billion pounds on science (never mind healthcare and education) each
year, including Antarctic research (which is analogous in many ways to space exploration) but does not
recognise the dramatic potential of human space exploration.

10. Current UK space policy intends to review the human aspects of the ESAAurora programme at some
point in the future, but this approach is fundamentally unsound.Other international partners are developing
their infrastructures (including space medicine) now, and if the UK persists in this detrimental course of
action then it is likely that the UK will not have the capability to play any significant role in the human
aspects ofAurora. This would be of severe consequence to the UK, both in terms of a further decline in UK
science and negative cultural impact.

11. It is interesting to view the argument without mention of the word “space”: here is a situation where
there is an important field of science with far-reaching implications for human health and the understanding
of the fundamental questions of how the solar system developed and where life itself originated, and yet the
UK is utterly disinterested. Furthermore, British scientists are being actively excluded from joining the
world in this important field of science, despite the desperate need to recruit and retain scientists in the UK.
When presented in this way, it is clear that the UK position is absurd.
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12. In summary, it is my sincere belief that spacemedicine, and indeed human space activities, havemuch
to oVer the UnitedKingdom. It is time to discard the traditional short-sighted and irrational prejudices, and
comprehend the opportunities, before we are permanently left behind by the rest of the unfettered
international community.

October 2006

Memorandum 60

Submission from Dr Patrick Magee

Argument for the UK Government to Support the European Space Agency’s (ESA) Human Space

Programme

1. While it is true that the presence of humans in space started as an expression of military and political
competition between two postWW2 superpowers, the development of robotic and human space exploration
in the early 21st century hasmaturedwell beyond that. It now forms an integral part ofman’s curiosity about
himself and his place in the universe. There are currently a much larger number of countries, frequently
working in co-operative groups, which are actively engaged in space exploration, which increasingly involve
a human presence. Under the umbrella of ESA, Europe has become a major participant in the exploration
of space of the current era. The “Aurora” programme of planetary exploration (starting with the Moon)
which is being developed by ESA, starts with robotic exploration, in which UK is an active participant.
However it will necessarily move to a programme of human involvement, in which the UK is currently a
non-participant. While it is recognised that robotic space exploration is much more cost eVective than
human involvement, the level of commitment to “Aurora” means that sooner rather than later, a European
human presence in space will become inevitable. Meaningful exploration of extreme environments, such as
the North and South Poles, the ocean depths and the highest mountains, has involved humans, not
exclusively robots. At the proposed level of space exploration, humans will become a necessity, not a luxury.
It will require a great deal of scientific and technological planning to ensure the success of human
involvement. TheUKhas uncharacteristically managed to exclude itself and its scientific community almost
entirely from such plans to date, which seems extraordinarily perverse considering the UK’s economic,
scientific, medical and technological standing in the world.

2. Given the expense of supporting humans in space, it would be unreasonable to expect UK taxpayers’
support without there being some prospect of enhancing the UK’s economic, scientific, medical and
technological standing. Justification of the huge US expenditure on sending humans to the Moon in 1969
included the invention of Teflon, which today sounds absurd, given that the rationale was the assurance of
Cold War victory. However, such commitment also resulted in driving forward microelectronic and
communications research and development at a much faster rate and to a vastly greater extent than anyone
could have imagined in the 1950’s. No-one can argue that such development has not had a huge impact on
the lives of everyone on the planet in the current era, and helped other scientific and economic development
of many countries.

3. Because of the necessity for economic reasons for international cooperation, research and
development for supporting humans in space will therefore drive other fields of endeavour in a way that will
in the long-term appear justifiable. In fact failure to be an early stakeholder in such development will seem
foolhardy, given that others will be the greater beneficiaries eg China, Japan, US, Canada, Russia,
Germany, France, Italy. Because the author’s professional experience is in medicine and technology,
examples of benefits to UK in these fields will follow.

4. The UK is already a world leader in the technology for supporting humans in extreme environments
such as aerospace and underwater, eg Qinetiq. Direct UK involvement in ESA’s human programme will
give a huge impetus to further economic and technological development opportunities. Such technology is
directly related to environmental control, which is becoming increasingly relevant to our own planet’s very
survivability. Such development can also be applied to an increasingly adventurous and wealthy population
who want to explore extreme environments for themselves, eg the popularity of sports diving, the imminent
arrival of space tourism thanks to Virgin Galactic. While the earliest beneficiaries of such activities are
necessarily the richest, such opportunities eventually spread further and wider than we can envisage.

5. The need for humans to communicate with each other, even when in extreme environments means that
the communications development industry will be encouraged to come up with novel solutions to
communication across distances which now seem unimaginable, eg the radio signal delay to Mars is 20
minutes; eVective communication will require the development of communication protocols to ensure
survival. Such development will benefit communication protocols much closer to home.

6. The required development of medical science to ensure human survivability will enhance medical
development at home. For example, there is a need for a greater understanding of human protection from
radiation hazards inherent in human space travel, and how to protect humans from these environments.
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Such development will aid the understanding of radiation induced cancers such as skin, blood and bone
marrow cancers; this is relevant in the current context of naturally andmalevolently induced environmental
changes which expose earthbound humans to such dangers and how to protect individuals and populations.

7. A major problem with humans in space is the bone and muscle wasting which occurs in microgravity.
Research into the mechanisms of these conditions is relevant to an increasingly ageing and sedentary
population, as are the exercise regimes to minimise or prevent such disuse atrophy.

8. The provision of adequate medical support in an extreme environment is relevant to such support in
earthbound isolated environments. This applies to the domains of pharmaceuticals, biomedical technology,
non-expert protocols andmedical expertise itself. Given the increasing proportion ofGDPwhich healthcare
budgets are consuming in all countries, such development should be welcome.

9. Such developments will allow mankind to answer fundamental questions about himself, as well as
contribute to Earthbound human development as described above. Crucially, such involvement will
encourage a wealth of knowledge transfer across boundaries of scientific and industrial expertise in ways
hitherto unimaginable. This would help to attenuate and even reverse the current detachment from science
by schoolchildren, eg the diminishing number of “A” level candidates in Chemistry and Physics. Such
knowledge transfer will reap economic benefit for the UK in generations to come.

10. A significant proportion of doctors of the UK Space Medical Association are anaesthetists. The
President of the Royal College of Anaesthetists has given the College’s support to the views expressed by
this author and other anaesthetists.

October 2006

Memorandum 61

Submission from Dr Vishal Nangalia

1. Executive Summary

(a) There are innumerable benefits to supporting Human Spaceflight, specifically: Health, Scientific,
Economic, Educational and Inspirational. There are significant issues if parliament does not support human
spaceflight specifically political, security and a long lasting intellectual brain drain. To support Human
spaceflight in the UK a new body or a significant re-organisation of existing research councils need to be
carried out as the current institutions are not fit for purpose.

2. Personal Background

(a) Currently a Senior House OYcer in Anaesthetics at the North West London Hospitals Trust.

(b) Founding member, IT Executive and Webmaster of the UK Space Biomedicine Group (UKSBG).

(c) The current President of the Aerospace Medicine Students and Residents Organisation (AMSRO)—
The international organisation for all students and residents interested in or engaging in aerospace
medicine—a constituent of the Aerospace Medical Association (ASMA—www.asma.org).

(d) Over 15 years of involvement with human spaceflight both performing research and setting up
outreach activities. (Full list of activities and accomplishments available).

(e) Leicester Medical School Graduate.

(f) I set-up and then undertook the Intercalated BSc in Aerospace Physiology focusing on Space
Physiology at Kings College London.

(g) International Space University Alumnus.

Benefits

Health

3. Various physiological eVects take place during spaceflight. The keys being alterations to the
Cardiovascular,Musculoskeletal andNeuro-Vestibular systems. These changes are similar to what happens
to the elderly population here on earth examples include strokes, osteoporosis, angina, heart attacks,
dizziness, weight loss, immunological impairment. However the key diVerence is that with the astronaut
population the majority of these changes are reversible while in the elderly population these are not. This
is the only situation this exists inmodernmedicine, and provides us with a unique opportunity to understand
the mechanism of these changes and more importantly the ways these can be prevented, and reversed.
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4. This is of paramount importance particularly in the UKwith its National Health Service and the Free
at the point of Delivery philosophy. Why because, the cost of treating an increasingly elderly population is
rising daily and estimates that as the demographics of our country change the stress on the NHS and thus
directly on the exchequer will increase. The National Space Biomedical Research Institute (NSBRI) in the
United States has identified a list of problems associated with spaceflight and that need to be resolved before
a trip to Mars can be made and these correlate with problems in populations on earth that I have already
mentioned. Therefore support for research and programmes of space medicine will directly contribute to
the health of the UK.

5. I myself am involved in systems research looking at the system benefits of hypobaric hypoxia, the
design of special pressure suits, identification and training of the skillsets of the future spacesurgeon. All of
which have direct earth based applications.

6. The astronaut health programmes of NASA and ESA are the gold standard in preventative health
medicine. Identifying and mitigating problems in the astronaut population before during and post
spaceflight. Supporting human spaceflight in the UKwill allow us access to and the capability to expand on
these programmes which can then be applied to the UK population supporting the creation of a healthier
and thus economically more productive nation.

7. Therefore supporting Human spaceflight will support unique research that will enable the NHS to
better cope with future demands placed on it, both by enabling better treatment and also by supporting the
preventative health eVort, which will overall contribute to a healthier and economically stronger nation.

Scientific

8. Human spaceflight is probably themostmultidisciplinary speciality that exists today. There is a unique
interplay between doctors, life scientists, materials scientists, physicists, Engineers and Astronomers among
others. To succeed in the goal of enabling human beings to live and thrive outside of the earth has forced
disciplines that previously had no interaction with each other to collaborate to find unique solutions to
previously impossible problems. This can be seen throughout the history of human spaceflight. The unique
interdisciplinary environment forces each speciality to look at a problem from various points of view. This
allows an appreciation of other disciplines but more importantly results in breakthroughs and cross
fertilisation of know-how and technology that would not previously have happened. Shape memory alloys
used in prosthetic limbs and medical implants, new sensors for blood and gas analysis, lab on a chip, being
but a few of the numerous examples.

9. Currently I am working on a two medical devices originally conceived for spaceflight but now being
developed to apply to earthbound populations. These devices consist of an automatic method of obtaining
blood and analysing it that does not require a doctor or nurse present and also a device to automatically
collect an ECG trace of the heart again with no skill input required. These were developed because of the
constraints of the spaceflight system where there are presently no trained personnel and therefore methods
for medical diagnosis and data acquisition needed to be devised. This situation does occur on earth and
specifically in the community in theUK, however as research is geared towards hospital based practice there
is no incentive to pursue this kind of research normally. However now that the initial development is
completed there is a move to utilise it in the health caremarket allowing patients to be diagnosed and treated
outside of hospitals which uniquely fits in with the government agenda in this sphere. However we have still
to this date not received a penny of funding from any of the research councils or trusts as we fall between
the cracks of their respective research and because of government policy.

10. Exploration of the solar system and the search for life on other planets is the holy grail of life science
and can be argued that of philosophy and religions as well by answering the question are we alone in the
Universe. This can be regarded as akin to the search for the ultimate building block of matter that the UK
funds PPARC and is a part of the large Hadron collider for. If we accept that one scientific goal is justifiable
then surely the search for life which transcends pure science and goes beyond boundaries and can be
understood by the commonman is of equal importance if not more. However, currently no support is given
to the community trying to answer these questions. The human spaceflight case for the search for life is that
The Royal Astronomical Society Report and Steve Squires (the Principal Investigator of the Mars
Exploration Rovers (MER) that are currently on Mars) both are adamant that Human capability will
always be superior to robotic capability alone and the amount of scientific discovery done by both MERs
in one yr could have been performed in five minutes by well equipped and trained Astronaut on Mars.
Analysis of excursions on the moons surface by Apollo astronauts has also further proved that human
beings are indispensable for the exploration of planetary bodies.

11. Exploration by Human beings in space and other planets including the moon and mars cannot be
quantified in the traditional sense as serendipitous discovery results in new fields of science and discovery
that change the face of science and humanity forever. Examples of serendipitous discovery include the
discovery of the Medical X-ray properties of Radium byMarie Curie and the antibiotic nature of Penicillin
by Alexander Fleming. In fact in the Government’s “Science and Innovation Investment Framework
2004–14: Next Steps” Discussion paper, in chapter 2 it states “The Government cannot, and should not
attempt to, predict where and in what form these innovations will occur” but should be ”Supporting world-
class health research” as stated in chapter 5.
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Economic

12. The Space Program has paid for itself. It is a myth that “we can’t aVord Space”. Confirmation that
“Space pays” may be found in the 1989 Chapman Research report, which examined just 259 non-space
applications of NASA technology during just eight years, 1976–84 (The primary project during these years
was the development of the Space Shuttle System—a Human Spaceflight project), and found more than:

(a) $21.6 billion in sales and benefits.

(b) 352,000 (mostly skilled) jobs created or saved.

(c) $355 million in federal corporate income taxes.

13. Other benefits, not quantified in the study, included: state corporate income taxes, individual personal
income taxes (federal and state) paid by those 352,000 workers, and uncalculable benefits resulting from
lives saved and an improved quality of life. The 259 applications represent only about 1% of an estimated
25–30,000 Space program spin-oVs. The benefits were in addition to benefits in the Space industry itself and
in addition to the ordinary multiplied eVects of any government spending.

14. A short article in the prestigious journal Nature (1/9/92, pp 105–106), reported, “The economic
benefits of NASA’s programmes are greater than generally realized. The main beneficiaries may not even
realize the source of their good fortune.” When Space program money was spent, new industries were left
behind to generate more money (eg, computers, electronics, fabrics, composites, ceramics, metallurgy).
Without the focus of our space goals, such cutting-edge technologies would not have emerged.

Education

15. In the present age in theUKwhere university departments are closing, science based courses are being
taken oV the curriculum and intake into science fields at university is dropping. Space Biomedical related
courses are expanding and being set up going firmly against the trend. I myself helped setup the first one
year Aerospace Physiology related BSc at Kings College London back in 1999 and was the first to complete
the course. Since then University College London has implemented both a Bachelors and Masters
Programme that is underpinned by space medicine. There are modules available at Glasgow University
Medical School and Imperial focussing on SpaceMedicine as well. All these courses are at present increasing
their intake year on year showing the education spur that Space Medicine and Human Spaceflight can
provide.

16. In fact we are the only nation in the World that provides this level of course at undergraduate level
and are our postgraduate courses are on par with that provided by NASA sponsored institutions. However
this push is being supported by a few dedicated individuals and without formal support and funding this
may be jeopardised as these individuals leave the UK for other European countries or the United States
where their expertise is recognised and appreciated.

Inspirational

17. Human spaceflight has always been looked at with awe and wonder. Most people can remember
where they were and what they were doing when they first saw Neil Armstrong and Buzz Aldrin walk on
the Moon. The Apollo Soyuz mission was seen as a beacon for hope and peace in the middle of the cold
war. Even today whenever a private individual pays 20 million dollars to fly into space every media channel
in the UK reports it as major news story. Whenever I chat to students and members of the public about
human spaceflight they exhibit a sense of wonder which is only tempered with the false perception that the
goal of one day themselves travelling to space is insurmountable. However Apollo has demonstrated that
a committed long-term human spaceflight programme can encourage the young to work harder and
encourages them to specialise in the science and maths so they can be part of the adventure. The years from
the middle of the Apollo programme till a few years after its end showed a significant rise in all PhDs
awarded in the United States.

18. The dot com boom has also been attributed to the children of Apollo, a new breed of entrepreneurs
are spending significant amounts of their own money to develop human spacecraft systems. These include
the founder of Amazon JeV Bezos and his Blue Origin project, The creator of the Game Doom and his
company Armadillo Aerospace, Microsoft co Founder Paul Allen and SpaceShip One, the craft that our
ownRichard Branson and Virgin Galactic has taken over to develop into the first commercial space tourism
spacecraft. Elon Musk (founder of paypal) and his company SpaceX that has been awarded a 300 million
dollar contract to develop his Dragon spacecraft for Orbital spaceflight. Mark Shuttleworth, Anousheh
Ansari, and the list goes on . . . The common thread in all of these peoples lives were there passion for the
sciences was triggered by human spaceflight and they then went on to be leaders in their field and have
contributed immensely to society and the economy and continue to do so.
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Issues if No Support is Given

Politics and Security

19. The United States is forging ahead with its Vision for Space Exploration which calls to establish a
permanent outpost on the moon by the end of the next decade and put a man on mars by the end of the
decade after that. Russia has similar ambitions. The European Space Agency has its Exploration and
Aurora Programme whose goal is to put a Human onMars by 2030 (the UK only subscribes to the robotic
component of this). China has stated its intention of a permanent Manned Space station and also a human
outpost on the Moon and India with its independent launch capability is also on the cusp of joining the
human spaceflight club, specifically for exploration of the Moon and Mars.

20. The existing International Space Station programme consists of The United States, Canada, Brazil,
Japan and ESA member states excluding the UK.

21. We currently are heavily dependent on our space based assets and as the colonisation of orbital space
increases and outposts are established on the moon and mars we will be incapable of maintaining or
developing or assets. In the newly published document on US Space Policy is quite aggressive in stating that
Control of Space is essential to maintaining its security and it reserves the right to disable any space based
assets of countries perceived to be against US interests.

22. The UK is the only developed country in the world that does not currently engage in the endeavour
of human spaceflight and this is a field that is currently experiencing a boom in terms of funding and
awareness. As the years progress and if the UK is not a member of this club we will lack the expertise and
the power to influence decisions that are made regarding space based assets and opportunities and this will
put us at a disadvantage to all other spacefaring nations, diminishing our influence in world politics.

Brain Drain

23. The UK consists of individuals who through no funding have developed a space medicine network
that is recognised internationally,myself being the President of AMSRO,AlysonCalder being International
Liaison of ASMA and Space Medicine Branch Member at Large along with a multitude of others who are
spearheading research into fields of space medicine that even the rest of Europe with its support for Human
spaceflight cannot match up to. We have congregated and organised ourselves under the banner of the UK
Space Biomedicine Group (UKSBG), our activities include hosting the only Dedicated Space Medicine
Conference in the World. However we all hold down full-time jobs and do this in our spare time and every
year for every member that joins the group and stays the course there are at least three times as many
students who fall by the wayside and return to their normal jobs despite having the potential to excel in this
field as we cannot provide any monetary support or even direct them to grant making bodies that they can
use as means to progress their development and aid their contribution to the field. I personally know of
existing and upcoming researchers who are already planning the move to the US as there is no support for
their activities here in theUK. Imyself am considering this move due to the frustration of on one hand being
told that my research is world class and has significant benefits and on the other that it does not fit with the
current funding guidelines. Colleagues of mine have already made the move and as the path of transferring
to another country becomes more well trodden there will be no base within the UK to redevelop this
speciality and the expertise will be lost to the US and other countries forever, damaging the Government’s
goal of making the UK a knowledge-based economy.

The Way Forward

24. The current structure of funding space related projects is broken and haphazard. Every time I attend
a meeting with BNSC, PPARC representatives it seems like every scientist and organisation is fighting to
maintain its bit of the funding pie and there is absolutely no concern for development of space capability.
No organisation wishes to support a new field of discovery such as space medicine or human spaceflight,
not because they do not accept the merits of the field but because they are short sighted and guarding their
own interests assuming that any funding for a new field will result in a reduction of the funds available to
them. This goes against knowledge generation and the present infrastructure of research councils should not
be allowed to mismanage the resources of the British exchequer this way.

25. The US recognised that research for research’s sake leads to nowhere therefore after years of no firm
goal, The Vision for Space Exploration was announced whereby the resources of NASA and the country
are focused towards achieving the Human return to the Moon and the onward journey to Mars.
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26. If there is to be a shift in supporting Human Spaceflight and Space Medicine in the UK it should be
a goal directed approach under the auspices of a new and independent agency that administers andmanages
the programme and the funds available. A decision to join forces with either ESA or NASA or go semi
independently should be carried out by an independent body of experts so as to obtain maximum value for
British investment.

October 2006

Memorandum 62

Submisison from Avanti-Screenmedia

Background

1. Avanti-Screenmedia has been involved in the downstream applications of satellite communications
since the company’s creation in 1996. Avanti is a public company listed on the Alternative Investment
Market of the London Stock Exchange. It employs approximately 120 staV, had a turnover to June 2006
of £12 million and made profits in excess of £3 million. From a starting capital of £2,500, the company is
now valued in excess of £76 million.

2. Avanti owes much of success to a long and productive relationship with the European Space Agency’s
ARTES Programme, as supported by the British National Space Centre.

The Benefits of the ESA ARTES Programme

3. Avanti first began working with ARTES in 1998, successfully obtaining funding to support the
ABARIS project to deliver multimedia content to consumers via satellite. At this time the company had less
than 15 employees. The project allowed Avanti to develop the key technologies and techniques which later
enables it to build its current “screenmedia” business which delivers bespoke multimedia and TV channels
to retailers, shopping malls and bars. The screenmedia service now employs approximately 90 staV and
forms the core of Avanti’s current business. The revenues flowing to government through staV income tax
and corporation tax amount to more than x time the original investment from BNSC/ESA.

4. On this and several other projects, Avanti has gained a reputation for utilising small amounts of
ARTES funding, matched by Avanti’s own R&D funds, to build strong, sustainable businesses. ARTES
has been found to be far superior to participation in the EC’s Framework Programmes as it is more
responsive and targeted more closely towards the market’s needs.

5. Avanti’s most recent activity associated with the ARTES programme is the HYLAS project. HYLAS
is a highly innovative communications satellite which will employ a series of new payload technologies
developed by Astrium with support from the BNSC and ESA. HYLAS will be the first satellite of its kind
in Europe to oVer broadband and HDTV services, helping to solve the Digital Divide problem in rural
Europe and providing broadcast capacity to support High Definition TV programming to complement
limited terrestrial digital TV spectrum.

6. The HYLAS project is a unique initiative which combines ARTES funding with a large private
investment from Avanti’s shareholders. The ARTES funding covers half of the costs of the research and
development activities on the payload, while Avanti’s investment will pay for the satellite platform, the
launch and insurance.

7. Whilstƒ35 million is being provided throughARTES over four years, Avanti’s investment, which was
raised through a combination of new equity and debt, totals some ƒ70 million. Thus, HYLAS is a unique
example of the use of government funding de-risking an innovative project to the extent that private sector
funding can be brought to bear. The net eVect of this combination of public and private financing has been
to reduce the development lifecycle for new satellite technologies from eight years or more down to four.
This improvement in innovation “productivity” has enabled Avanti to leapfrog other satellite operators and
bring new services to market in advance of other European operators.

8. The success of this model was possible only because of the unique combination of complementary
expertise found in the UK:

— An advanced satellite manufacturer in the form of Astrium UK.

— An entrepreneurial satellite operator—Avanti.

— The world’s premier market for satellite finance in the City of London.

— A world leading insurance market, also based in the City.
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9. Avanti is convinced that the ARTES Programme, as operated by ESA with BNSC support, provides
enormous opportunities for businesses to benefit from this combination of skills, experience and expertise
found in the UK. We therefore recommend that the ARTES programme should form a centrepiece of UK
investment in ESA with a long-term budget in excess of ƒ40 million per annum, which would provide a
platform for a number of initiatives similar to HYLAS.

Conclusion

10. ARTES has proved to be an extremely useful and productive tool for stimulating R&D in satellite
technologies, generating investment from outside of the space industry and leveraging government R&D
funds to achieve demonstrable commercial returns.We firmly believe that a reinvigorated UK participation
in the programme will continue to bring exceptional returns for UK industry and provide further significant
opportunities for exports in space products and services.

11. Avanti would be pleased to provide oral evidence to the Committee regarding our experiences with
the ARTES programme.

October 2006

Memorandum 63

Submission from ABSL Space Products

1. Who

This input is from ABSL Space Products, a division of ABSL Power Solution Ltd, formally AEA
Technology Plc. We are located just south of Oxford on the Culham Science Centre.

2. Summary

To have an overall space industry there is a strong lead required on technology development to enable it
to maintain a strong down stream services provider and dominate in the fields of space science and Earth
observations.

ABSL supply products to the space market world consisting of lithium ion batteries, calibration sources
and electronics for scientific instruments, lidar receiver equipment and imaging lidars. At present the major
part of the business is the battery product, which is based on the use of commercial cells. We have been
awarded in excess of 50 contracts worldwide since initiating the product development in 1997, supported by
the BNSC National Programme. We have supplied all the calibration sources to European Space Agency
(ESA) programmes since 1995. The lidar products are in development solely from contracts from ESA and
expect flight contracts to be awarded during 2007. The product uses a technology, capacitance stabilised
etalons, that is recognised as a sole source within Europe.

3. Investment Levels

It is clear that the level of investment provided through the ESA budget continues to be under severe
pressure.More importantly though, the lack of a BNSCNational Programme during the last few years, that
in the past supported the risky early development activities needed to compete for the ESA programmes has
reduced UK companies’ competitiveness.

Our battery product development utilised both National Programme and ESA funding that allowed our
innovative concept to be adopted for the vast majority of ESA spacecraft since 1998 and many contracts
worldwide. The National Programme contribution of £600k has resulted in excess of £15 million of orders
(this is an update to the 2002 input).

4. Contributions from UK Space-Based Technologies

The BNSC Space Technology Advisory Board (STAB) identifies the key technologies where the UK has
significant expertise and is of strategic importance to the UK’s space policy. This approach ensures that the
UKhas a focused approach to development of space technology that leads to commercial benefits to theUK
industry and subsequent wealth generation by the down stream sector. However it is becoming increasingly
diYcult to be competitive with other European companies, that have national funding, in the ESA
technology development programmes without some support from a National Programme. Obviously this
is not the case for products that are developed and have the all-important flight heritage. In the medium-
to long-term this will have a detrimental eVect on the level of commercial benefit that our space-based
technologies can make to the UK economy.
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5. Government Departments

From an industry perspective there appears to be a lack of ability by a variety ofGovernment departments
as end users to make a consolidated case to support both the service required from the space asset but also
how the required funding will be derived. Examples of this recently have been the Galileo and GMES
programmes.

6. Support for Space Related Research and UK Skill Base

This is considered a key activity byABSLand in addition to the trainingwe provide to our staVweprovide
undergraduate courses with topics for final year projects. Over 30% of our staV are graduates and we spend
considerable time providing on the job training in addition to attendance at specific space related courses.
Not only do we benefit from this but it also services other areas of industry:

— Trained people often go out and start small space companies.

— Provide a trained resource to other space companies.

— Provide a trained resource to other local industries such as medical companies in Oxford
Instruments and Oxford Magnetic Technologies.

It has been clearly demonstrated that school children find space a very attractive focus to enter further
education in the sciences, engineering and mathematics. The interest becomes particularly heightened when
the UK is directly involved in a space programme.

7. Company Growth

ABSL has shown significant growth in the last three years increasing our number of staV from 25 to 38
with the proportionate increase in turnover. This has been possible as a result of the BNSC National
Programme that assisted in the development and provision of an early flight opportunity. ABSL now invest
internally to maintain the world class position we have obtained as a supplier of lithium ion batteries.

8. Conclusions

Investment in the technology chain for front end space asset is essential for both the operators and service
providers to flourish and provide the wealth creation, that is one of the Governments objective. This
investment will also maintain our scientists at the forefront of the world science community. This benefit
come directly from the ESA programmes but a National Programme is necessary to meet the economic,
wealth generation, excellence in science and the take up by young people into the key further education
subjects.

Memorandum 64

Submission from John Carroll, University College London

THE VALUE OF HUMAN SPACE FLIGHT TO TEACHING AT
UNIVERSITY COLLEGE LONDON

I write in my capacity as Professor of Physiology and Head of the Physiology Department at University
College London in submission to your Select Committee investigation into UK Space Policy.

The physiology department at University College London hosts the UK’s only course in SpaceMedicine.
This undergraduate module is now in its sixth year, is amongst the most popular courses in the final year of
undergraduate physiology and is regularly oversubscribed.

The course is organised byDrKevin Fong andDrMikeGrocott, a pair of clinicians specialising in critical
care medicine who have a special interest in extreme environment physiology. Dr Fong and Dr Grocott
annually assemble a world-class faculty of speakers from across the globe, including lecturers from NASA
and the European Space Agency, providing unique educational opportunities for our undergraduates. Each
year we have a number of students who transfer from other universities specifically to have the opportunity
to study this module.

Through this course Fong and Grocott have demonstrated the eVectiveness of human space flight as an
aid to science teaching at undergraduate level. Regrettably and, despite the success of this course, there
appear to be no formal sources of funding available to support the ongoing eVorts of this group. This I
understand is due in part to the existing Government policy which excludes this country from further
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participation in the human exploration of space. Given the success of these eVorts against a background of
limited resources I would like to suggest that it would be worth re-examining the position on human space
flight for fear that excellent educational opportunities such as this may be lost in the future.

October 2006

Memorandum 65

Submission from Nigel McNair Scott

Background Information

I am a shareholder inReaction Engines Limited, a business to whichmy family have subscribed £1million
as equity capital. Based at the Culham Innovation Centre, Reaction Engines is desiring a reusable space
plane Skylon and has developed leading-edge technologies, in particular in cooling systems (heat
exchangers), which will enable an eVective engine for such a space plane. Skylon has the potential to
radically change the business paradigm for space systems and provide the UK with a strategic advantage in
space launch services.

The wider space sector is a high added value, high technology, highly skilled industry with science-driven
products and services of the kind that were identified by the Chancellor in his 2006 Budget Speech as the
key to future wealth creation. Independent estimates predict annual growth of some 15% in the global space
market over the next decade and the UK has the opportunity to increase its current market share in both
systems and applications.

Against this background I have been surprised by the diYculties that Reaction Engines has encountered
in gaining Government support for Skylon, particularly the lack of strategic funding for technology risk
reduction and development. Such support is important as it provides the credibility needed to raise equity
capital. This situation is in sharp contrast to the support and funding available in other ESAMember States
(for example Belgium and France) and must be a contributing factor to the substantial UK deficit in the
system of commercial “juste retour” under which ESA procurement is conducted.

The issues highlighted by the diYculties faced by Skylon are the UK Government policy towards space
launch services and the eVectiveness of its support for space technology R&D. I believe that these issues
would benefit from consideration by the Committee as part of its inquiry into space. I am attaching some
background information to support the Committee’s discussion.

September 2007

Introduction

Over the last 15 years, Britain has concentrated on developing applications in space using other countries’
delivery systems. This puts it at a strategic disadvantage in accessing delivery, both as to timing and
availability. A reorientation of its policy to becoming a leader in delivery systems will be to our country’s
advantage, (a) commercially; (b) technologically; (c) strategically. That opportunity exists in the Skylon
project, the expertise for which rests in our country.

The Commercial Opportunity

The development of Skylon will cut the cost of access to near space by a factor of at least 20. Skylon will
operate like an aircraft, in the hands of competing operators, and give the customer more control of prices
than is currently possible. It will give investors in the project and the countries in which it is developed the
opportunity to earn a very great deal of money from a large and expanding market. One of the reasons I
have invested is that I believe Britain will benefit from such a project.

ESA has employed Reaction Engines to look at the feasibility of developing an intercontinental plane,
using Reaction Engine’s cooling and engine technologies (the “LAPCAT” Programme). Talks are also in
progress about doing a feasibility study for ESA on the development of a space plane. This will be done
jointly with two other major European aerospace companies.

Importance to the Country of Origin

Skylon will allow theUK tomaintain and expand its engineering base and build up its technological base.
There are many other commercial applications for the cooling technology and other spin-oVs from the
Programme, for example in materials technology, reducing fuel consumption in aerospace, reduction of
carbon emissions, more eVective electricity plants and in large cooling systems.
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The British Government’s Role

The British Government played a small but important part in funding the early development of the
Reaction Engine’s technology through the DTI SMART Programme (£187,000). This gave the company
credibility to raise its third round of equity capital of over £1 million. It is important for the British
Government to continue support at some level for the development of the heat exchanger as:

(a) its imprimatur and the fact that the project has been subject to technical review gives credibility
to the next round of equity raising;

(b) there would be a negative message to the European Space Agency and European manufacturers
if it was not there; and

(c) it gives a message to the UK scientific community that the UK government is prepared to support
the emergence of a major new technology, and more particularly not be obstructive when the
technology reaches maturity.

The Role for Europe

There is a gap emerging in the international market for delivery systems. China and the US are
concentrating on the development of rocket delivery systems for a return to the Moon and the first manned
mission to Mars. This is a very expensive Programme with substantial problems vis-à-vis mobilisation. It
also shares technology tied in with military applications and is unlikely to be shared worldwide. Both
countries would however pay for a low cost delivery system. Europe currently is dependent upon Ariane5
and Vega with no plans for anything more economical, and while Japan has been looking at space planes
as an alternative, JAXA’s plan does not envisage them being produced until 2020. At the moment the UK
has a substantial lead in the enabling technology of the cooling systems which will enable the SABRE engine
to be built and power a space plane. This gap gives a major opportunity to the European space industry to
develop a low cost replacement for conventional rockets and sell vehicles or production licenses to other
nations.

October 2006

Memorandum 66

Submission from QinetiQ

About QinetiQ

QinetiQ is the UK’s second largest defence and security company, one of Europe’s largest employers of
scientists and a leading organisation in technology transfer. Over the past 50 years QinetiQ and its
predecessors have built up significant intellectual capital and expertise in innovation. We exploit our
strengths in technology research, evaluation andmanagement by delivering solutions into a broad spectrum
of defence, security, transport and related markets. We have delivered such technological advances as liquid
crystal displays, carbon fibre and thermal imaging into both the civilian and military sectors.

Our 11,400 staV are continuing our commitment to pushing forward the boundaries of innovation in
scientific and technological knowledge and in the provision of first class managed services to customers
including the Ministry of Defence, US Department of Defense, National Audit OYce and Highways
Agency, as well as private companies.

Introduction

QinetiQ (and its predecessors) have been involved in space activities since the 1950s and is a renowned
centre of excellence in spacecraft technology, space systems, remote sensing and GIS. Coupled with
QinetiQ’s capabilities in electronics, sensors and processing, materials and structures, we are well placed to
take advantage of UK National, European and Global space programmes and the opportunities they
present.

For the UK there are many benefits which flow downstream from the active involvement of our country
in the space arena . Less well appreciated is the importance of being involved in the upstream activity and
the need to maintain an independent UK capability in key areas of space technology:

— Firstly, without a sustaining level of technological capability and insight the UK would no longer
be able to meet its need to establish independent capability in (for example) military satellite
communications.

— Secondly, without its own technological capability it will be unable to eVectively contribute to,
influence and extract value from international space programmes.
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— Thirdly downstream activity (such as commercial satellite operation) and associated skills will over
time relocate to where the upstream activity is.

Using Capability to Access the Market

Without the expertise to understand both the market and associated technology drivers the UK would
cease to be an intelligent customer, would be unlikely to secure leading edge technology or value for money
and that the UK was limited to using “oV the shelf” technology packages purely on the suppliers’ terms. If
the UK was to surrender its ability to develop space related technology there would be limited incentives
for other nations to sell cutting edge technology to us.

Falling behind in our capability to develop the upstream side of space technology will not only limit our
ability to access the best of what the market can oVer but will also aVect the value and innovation in the
downstream sector.

Benefits to the UK Economy

Without our own upstream industries being involved in the development of current and future
programmes the downstream sector would be behind the development and innovation of its international
competitors and less able to compete.

Failing to participate actively in space programmes would in the long term create a danger that UK
economy would lose access to certain skills if the work was not available to keep them actively engaged in
the up or downstream sectors.

With many wider European issues such as security, border control and transport, looking towards
satellite and remote based systems the need to be able to influence the shape and form of the initial systems
has never been more important. Equally as these programmes and policies develop the UK may become
reliant on packages and infrastructure purchased from the international market to implement policy in
the UK.

Space is now an intrinsic element in global civil and military communications, navigation, security and
environmental monitoring, forming a key element in the business portfolios of the key defence and
aerospace industry. There is also a need for research and development funds to be made available for
solutions to novel problems if the UK is to remain at the technological cutting edge.

The current approach to investment in the space programme has some merits as does the current
organisation of the British National Space Centre. The approach of some of its partners, however, is risk
averse and there is a tendency to wait until there is there is a low risk commercial, product to purchase rather
than to invest at an early stage and take advantage of the opportunity to exploit and pull through the
technology. The UK needs to recognise that new, innovative technology needs to be incubated so that the
full range of possibilities may be realised and the return on investment realised.

The influence of BNSC appears, on occasion, to be relatively limited in the European Space Agency
(ESA). While the UK remains a key funder, the policy of not participating in areas such as the manned
programme and launchers, while clearly economically correct, means that the UK are not active in those
high profile activities which have commanded so much attention in ESA and so the UK often fails to exert
a level of “political” influence commensurate with the UK contribution. The importance of the Galileo
programme and growing ESA interest in mould breaking innovations such as small satellite mission
solutions oVer an opportunity for higher profile and repositioning. A visible commitment to maintain UK
funding levels to ESA into the medium term would be underpin this.

UK geographic under-return in certain applications areas remains an issue. The previous successes of the
UK domestic ATS and the MOSAIC programmes, the latter of which funded TopSat and demonstrated
the utility of small satellites to undertaken significant tasks cost eVectively, are recognised by ESA and UK
industry. A new, focused, UK national programme aimed at pre-positioning UK technology for Space, as
our European partners do, would be a key element of addressing this geographic under-returns issue.

TheDefence Industrial Strategy recognises the role that innovative satellite systems, the creation of which
has benefited frompast national space technology investments, could play in futureUKdefence capabilities.

The role of space in engaging the population in science and engineering should not be overlooked. The
future health of the UK economy will rest heavily on the quality of intellectual property developed and
services available. The quality and number of students pursuing science and engineering subjects toA-Level,
degree and post-graduate levels is a source of concern not just to the high end businesses but to employers
as a whole. The work of research and development teams in defence, aerospace and pharmaceuticals has
enabled the UK to be a world leader in those fields.

These remain competitive markets and the UK’s position should not be taken for granted. The growth
of economies in South East Asia have been much reported but increasingly many of our European partners
are raising the importance attached to developing and maintaining space capability within their national
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industrial and technology strategies. The UK has led the way in terms of industrial rationalisation and the
focus on a knowledge driven economy, we must though now continue to look to use spending to drive
further technological innovation if we are to maintain our current position.

Changing Emphasis in European Spending

As the European space programme develops increasing amounts of resources will be used as operational
funds by the European Commission. These will be largely focused on the centres of expertise within the
Union at the time the operational locations need to be established. In turn these locations are likely to relate
to clusters centred around the current projects of the European Space Agency. Commitment to the current
round of projects is important if UK is to maintain influence on the direction of future operations and
expertise within the UK.

In the long term this pattern of growth and investment would reinforce the chosen locations as the centres
to draw in new expertise and new investment making it harder for a new entrant to come into the market
place. Being an active participant in the initial stages of the move in funding towards operational services
could only be beneficial for the national economy and our ability to maintain capabilities in the UK.

Summary

The UK’s future prosperity will depend on innovative upper end technological research and engineering
development to deliver capabilities across the economy. Our nation needs champions and leadership to
stimulate and drive such innovation. The private sector needs to be stimulated both through competition
for long term research programmes. Long term certainty will in turn encourage the private sector to commit
resources to develop the intellectual property to drive the economy over the long-term.

If young people are to be drawn into science and engineering subjects, if talented graduates are to choose
careers in innovation over law or accountancy we must continue to ensure that there are high end goals and
aspirations for them to strive to attain. The quest for space is a key area in providing challenges for some
of our nation’s finestminds and those the future generations. Space remains one of the key areas for drawing
highly talented people into the sectors which drive our knowledge based economy. The ability to draw in
and maintain the brightest and the best the basis of intellectual property development and innovation in
science and engineering is a key part of enhancing the competitive standing of the UK.

Procurement across Government needs to take every opportunity to develop innovative technology
solutions rather than take oV the shelf solutions. For some this will mean needing to be less risk averse with
their investment in and incubation of leading edge technologies. By doing this they will not only develop
better expertise in procurement but also stimulate the knowledge economy of the UK. If the UK wishes to
remain a leading innovator rather than simply a consumer of technology then the use of Government’s
£150 billion annual spending on procurement of goods and services it will be vital to lead investment across
the economy60.

Government leadership in innovation in the space programme is one mechanism to help stimulate not
only investment in the downstream sectors but also to draw in high calibre people to the knowledge base of
the UK economy.

October 2006

Memorandum 67

Submission from the Hertfordshire Business Incubation Centre

Introduction

1. This submission is from HBIC (Hertfordshire Business Incubation Centre) UK Space Incubator for
ESA through its ESINET project (European Space Incubator Network and also the UK’s centre for the
Galileo Masters UK Challenge—Europe’s SATNAV Competition. HBIC also manages a number of other
European FP programmes identifying and supporting downstream activities derived from SPACE
applications.

60 Procuring the Future, recommendations from the National Sustainable Procurement Task Force. Defra 2006.
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Executive Summary

2. The UK is a dominant partner in the European space sector, it not only drives forward the economic
activities from the upstream industry, but the presence and understanding of space is motivating the UK in
identifying the sector as an enabling platform, fromwhich to take forward new ideas in services, applications
and technologies which are creating new marketplaces downstream.

3. This is evident in the significant take up and development of over 130 ideas being brought forward
from theUK into theGalileoMasters UKChallenge in 2005 and 2006; this represents 40% of the ideas from
across Europe. It is further highlighted by the fact that the UK Winner in 2005 has been invited to obtain
significant assistance by EADS Space in the development of his idea and that the UK Winner in 2006 has
gone on to win the whole competition and will be recognised at the European Galileo Master 2006.

4. The significance to the space sector is that this level of interest is due to the UK’s presence in the
upstream area and the knowledge that is being shown is in abundance. The estimation on the new
marketplaces opening up due to Galileo is approx ƒ10 billion per annum by 2010 with over five billion
global users.

The impact of current levels of investment on space-related activities on the UK’s international competitiveness
in this sector

5. Currently there are new calls taking place within the FP7 framework under the thematic theme
“Transport” that are looking to take forward the development of the space sector through its downstream
markets. The current funding for this is estimated to be in the region of ƒ300 millon over seven years
(approximatley ƒ43 million per annum).

6. The Galileo Masters UK Challenge has limited investment in the programme from across the UK; it
draws support through its partners EADSAstrium,Thales, BNSC (BritishNational SpaceCentre) and local
government, although this is limited. Without a more structured fund and investment into this programme
with links to other investment sources, the ideas being developed by the SME’s and HBIC may be lost,
leaving the UK behind its European and Asian partners.

7. HBIC is also the UK lead for INVESaT which is a consortium under Europe INNOVA; this project
addresses the lack of interest by investors due to the diYculty they have in understanding the space related
technologies and the way they connect to new ideas being raised by SME’s into the downstream markets.
This has been evidenced by the technology oVered by Galileo and the extensive work already being carried
out for the Galileo Masters UK Challenge.

8. With such emphasis and significants being thrown upon the downstream markets due to the space
sector in which the UK has such a significant presence, to lose this lead in the upstream would inevitably
cascade into the downturn of the UK’s involvement in the downstream areas.

The benefits and value for money obtained from participation in the European Space Agency and other
international programmes

9. HBIC the UK Space Incubator and UK industry, is gaining a significant amount of support and
development through participation in ESA and other international programmes; HBIC continues to strive
to develop relations with other partners, to ensure that it has the ability to bring forward new innovations
to drive forward the UK and the economy.

10. ESA one of the European partners and supporter of the Galileo Masters Competition, is leading the
development of innovation through SME’s, by its European network of incubation centres.

11. ESA also has a role in the FP6 INVESaT programme, lending it support to the brokerage,
networking, technology transfer and development of the initiative.

12. It is vital for the success of the space sector that the development and exploitation of the downstream
markets is harnessed. This is through the dissemination of space technology, enabling ideas to be supported
to break forward into new marketplaces.

Maximising commercial benefits, wealth creation, innovation and knowledge transfer from UK space-based
technologies

13. Does the cost and tragedy of natural disasters like Tsunami, earthquakes and volcanic activities, (the
worst example being the tsunami on 26 December 2004 in the Indian Ocean, that took the lives of almost
300,000 people in countries as far apart as Indonesia, theMaldives, Sri Lanka and Somalia) and the decline
in natural resources (oil, gas and water), outweigh the debate going on across Europe regarding the
uncertain overspend on the revolutionary answer to GPS, Europe’s Galileo Satellite Navigation System?
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14. A UK entrepreneur believes that it does, as he has gone ahead to develop an exciting new system that
could help to predict such events. Due to the timing signals from Galileo (GNSS) it can measure the speed
of sound underground, in particular in earthquake or volcano prone regions; variations in the measured
speed of sound will indicate changes in the subsurface state, stress and composition. These variations could
be used as an early warning system of earthquake or volcanic events.

15. This idea is, therefore, only capable of being realised due to the revolutionary and enabling
technology that is being developed for space.

16. It shows that without Galileo and the UK involvement in upstream and downstream activities, we
could lose more than just a market share of the predicted ƒ10 billion per annum marketplace.

17. As the management organisation for Galileo Masters UK Challenge, HBIC considers the UK
Challenge to be a leading example of an innovative platform which brings together the public and private
sectors, in a way which see’s them supporting new ideas pre-investment.

18. The programme has to be seen as an asset to the UK; the ongoing support that we receive from our
sponsors in industry, government and institutions is invaluable, but significantly more will ensure that the
UK can continue to progress new innovative ideas to a marketplace that will be worth billions to the UK
economy.

19. This is the right time to recognise space as an opportunity

The delivery of public benefits from the space-related activities of diVerent Government departments
(eg DEFRA, MoD, DTI, DfT), and the co-ordination of these activities

20. The downstream marketplaces that will develop due to Galileo are immense and are not directly
associated with SPACE, as noted by this year’s Galileo Master; they range fromMobile Comms, Medical,
Environmental and Logistics, through to Agriculture and natural resources.

21. Last year’s UKWinner, Tracker''Back has developed a duty of care technology which is unique
in ensuring secure transfer of goods. This is a technology which is ideally placed to support and combat the
growing trend for fly tipping, which costs local and national government millions of pounds each year. It is
also undergoing trials by EADSAstrium as a live case study and is being reviewed by investors as significant
technology which fits a wide range of uses.

22. What has also been seen by the development of space in the UK, and the visibility of the downstream
throughGalileoMasters UKChallenge is a unique platform being created which Government departments
could use for ideas or challenges and thereby identify opportunities to fit their ambitions.

23. Probable Applications & Markets (downstream/service provision)

(a) Security—Tracking of valuable equipment and confidential documents.

(b) Vehicle insurance, tax control, monitoring (safety of life in accidents for emergency services).

(c) Environmental and Humanitarian aid—Advanced warning on natural disasters, location of
natural resource (oil, gas and water).

(d) Agricultural—live stock tracking for land and fishery, crop and harvesting.

(e) Education in technology and markets, engineering and advancement in technologies.

November 2006

Memorandum 68

Submission from Stephen Ashworth, Fellow of the British Interplanetary Society

1. Executive Summary of Main Points

1.1 Space tourism is about to become a major new industry, but requires an economic method of access
to orbit. British engineers have been trying to interest successive governments for at least 15 years in a public-
private partnership to build a space plane to serve this market, but without success.

1.2 Solar power harvested in space is likely to make a major contribution to future industrial energy use.
Since it is infinitely sustainable, low-pollution and capable of long-term growth, its importance is hard to
overstate. But Britain does not seem to be taking any action to develop it.

1.3 Britain’s Beagle 2 Mars probe was popular with the public, and represents technologies with future
commercial and security applications. But no successors have been funded.
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1.4 Given that these opportunities are falling by the wayside, it seems that Britain’s current Space
Strategy is not being eVectively implemented, but is in realitymore show than substance. British government
policy appears to be to allowour international competitors to develop new space services first, so that Britain
ends up impoverishing itself as a purchaser rather than a supplier of them.

1.5 Exploration of the natural resources available in space and on other worlds is a matter of strategic
importance to Britain, just as was global exploration in earlier centuries.

2. Introduction to the Present Writer

2.1 I work in Oxford University as a freelance academic typesetter, and am 53 years old.

2.2 I have formany years taken a non-professional interest in spaceflight. Recent articles bymyself on the
subjectmay be found inSpaceflightmagazine forApril and June 2006, and I have contributed a discussion of
lunar exploration to the correspondence section of the May 2006 issue. I edit an e-mail newsletter called
Astronautical Evolution to promote discussion of space and society.

2.3 I am the author of a booklet-length science-fiction poem entitledCreation (ISBN0-9536158-0-4), and
have also written some unpublished stage plays with space themes which have been presented as rehearsed
readings with actors in Oxford.

3. Relevant Factual Information

3.1 In his Foreword toTheUKSpace Strategy 2003–06 and beyond,Lord Sainsbury,Minister for Science
and Innovation, wrote:

“This document sets out the strategy for realising our vision against three clear objectives:

— enhancing the UK’s standing in astronomy, planetary and environmental sciences;

— stimulating increased productivity by promoting the use of space in government, science and
commerce;

— developing innovative space technologies and systems, to deliver sustainable improvement in
the quality of life

[. . .]

We will continue to encourage new ideas, which are the lifeblood of scientific and technological
advance and ultimately of commercial success. This strategic framework will allow us to do this
in a coherent way.”

3.2 In December 2003, Britain’s Beagle 2 probe was lost while attempting to land onMars. It was a one-
oV mission, with no follow-up flights planned, either to overcome failure or to capitalise on success. Calls
from Professor Colin Pillinger, who has been the driving force behind Beagle 2, for government money for
a successor have been ignored. All future British Mars exploration has been united with the Aurora
programme of the European Space Agency (ESA).

3.3 In April 2005, ESA responded to the success of its Mars Express orbiter and the failure of the Beagle
2 lander by postponing its next Mars mission, the planned ExoMars lander, by two years, thus leaving a
nine-and-a-half-year hiatus between one landing attempt and the next. If, as seems likely, only a single
spacecraft is sent, it will be as vulnerable as was Beagle 2 to random failure and, in the event of failure, to
long delay before any successor is despatched.

3.4 In February 1994, Bristol Space planes Ltd completed a feasibility study of an economical ground-
to-orbit space plane for ESA. The study concluded that such a vehicle could be built with existing engines
and proven materials and systems for a development cost of less than £2 billion. ESA did not take the study
further, but developed instead the Automated Transfer Vehicle, now due to go into service in late 2007. At
ameeting inNovember 2005,DavidAshford, the principal author of theBristol Space planes study, asserted
that the ATV cost about the same to develop as a first-generation reusable space plane, but about 100 times
as much to fly, and described ESA’s decision as one of the most wasteful in the history of spaceflight. He
concluded by repeating his long-standing call for a public-private partnership to develop space plane access
to orbit.

3.5 Another British company, Reaction Engines Ltd, has also for many years urged the British
government to establish a private-public partnership to build an economical reusable space plane, so far
without success.

3.6 After pressure from Lembit Öpik MP, the government set up a Near Earth Object Task Group to
examine the security hazard from near-Earth asteroids, and the contribution the UK might make to
researching them and reducing the risk. In September 2000, it published 14 recommendations for action,
which were accepted by Lord Sainsbury. Since then, one recommendation has been implemented, resulting
in the setting-up of the Near Earth Objects Information Centre in Leicester. The other 13 recommendations
have not yet been acted upon.
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3.7 The basis of modern civilisation is economic growth. It is certain that almost all the natural resources
of potential interest to industry are extraterrestrial, including notably solar energy, and water and strategic
metals in the near-Earth asteroids. Therefore exploration of the resources found in space and on other
worlds in space is not a question of pure science alone. It is above all an economic question,which will assume
ever increasing significance as the 21st century progresses and terrestrial resources come under increasing
pressure.

3.8 The economic aspect of space exploration has been obscured by the focus of the major space agencies
of the world on prestige projects, notably the International Space Station. Yet the advent of private space
explorers, including Britain’s Helen Sharman in 1991 and the current work being done by the British
company Virgin Galactic, demonstrates that even without government support economic applications of
manned spaceflight will emerge, though more slowly than otherwise.

4. Discussion and Recommendations

4.1 The UK Space Strategy focuses on, amongst other things, innovation and commercial return.
Obviously, in doing so it ventures into the realm of speculative enterprise. Yet it has strong foundations for
doing so: communications and Earth observation satellites have become economically justified and
indispensable parts of modern life. Given that the space age is only in its infancy (next year sees the fiftieth
anniversary of the launching of the first artificial satellite, Sputnik 1), other commercially important
applications of space are very likely to arise as technology progresses.

4.2 Among those who have studied the subject, there seems to be little doubt that in the near future two
new space enterprises are likely tomake the breakthrough tomulti-billion pound industries. These are space
tourism and solar power from space.

4.3 Space tourism in the sense of a mass leisure pursuit has not yet arrived. But private space exploration,
in which a company or a wealthy individual pays for a seat on an existing government spacecraft, began as
early as December 1990, when the Japanese reporter Toyohiro Akiyama visited the Mir space station, and
has continued with regular visits to the International Space Station by private individuals, most recently the
Iranian-born US engineer and entrepreneur Anousheh Ansari.

4.4 Given the success of the X-Prize-winning SpaceShipOne and the further work now being done,
particularly in the USA, it is clear that the age of true space tourism is rapidly approaching. The Select
Committee will be aware that much pioneering design work has been done over the past twenty years by
British engineers towards are usable space plane to open up this newmarket. If theUKSpace Strategymeant
what it said, at least one of these designs would be being energetically promoted in a partnership of public
seed-corn funding and private investment.

4.5 Regrettably, it appears that this is not happening, and that instead of selling space planes to the world,
the UK has decided to position itself as a purchaser of products from the United States. In this regard, the
Select Committee will have already noted that Richard Branson’s Virgin Galactic company, although
British, is buying its hardware from American manufacturers, despite the fact that equivalent designs have
been promoted by British engineers for the past 15 years.

4.6 It is hard to overstate the importance of space plane access to low Earth orbit, given that all activities
in space are currently restricted by the enormous costs of launching them into space. These costs are a by
product of the ColdWar, which caused ballistic missiles to be pressed into service as space launchers, rather
than high-speed aeroplanes along the lines of the X-15.

4.7 The lack of UK government interest is felt all the more acutely since the removal from service of
Concorde deprived Britain of a universally loved national icon. The Select Committee will be aware that
Concorde provides a useful technological basis for the launcher of a two-stage orbital commercial space
plane, and that the potential market for such a vehicle is very much greater than the market for supersonic
air travel turned out to be.

4.8 Two of the most important issues facing current and future UK governments are the sustainability
of industrial energy supplies, and the problems of dealing with the pollution caused by energy use.
Obviously, there is no magic solution, and the future of energy will be characterised by diversity in energy
sources as well as increasing eYciency in their use. Yet solar power has not received the prominence which
it deserves.

4.9 Since almost all solar energy passes by our planet or is partly obscured by the atmosphere and the
day-night cycle, solar energy needs to be harvested in space. Unlike fossil fuels, which will only be available
for centuries to come, solar energy can be guaranteed for billions of years. Unlike fossil fuels, whose ability
to match increasing global demand is in doubt, solar energy is in vastly greater supply than humanity’s
current needs, provided that it is captured in space, allowing a significant margin for future growth. And
unlike fossil or nuclear fission fuels, the use of solar energy from space on Earth would cause relatively little
pollution. (The main pollution concerns are the rocket launches necessary to send equipment for
manufacturing solar cells to the Moon, where raw materials can be mined in quantity, and the microwaves
with which the energy harvested in space would be transmitted to the ground, though the semicrowaves
would be deliberately defocused so as not to create any health hazard at the receiving station.)
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4.10 A fully fledged space solar power system would require very large photovoltaic arrays in orbit, and
would therefore represent a huge investment. But there is scope for a country such as the UK to build and
operate a small prototype demonstration satellite. The image of the first light bulb lit by power harvested
in space—carbon-free, nuclear-safe and infinitely sustainable—is likely to become an icon of hope for
humanity, as well as a forerunner of export orders for developing a mature system for energy-hungry
developing nations such as China, India and Brazil. Such a prototype would need a public-private
partnership. If theUKSpaceStrategymeant what it said, this project would have high priority. Regrettably,
this appears not to be the case, and the UK appears to have decided to leave the opportunities of satellite-
based solar power to our international competitors.

4.11 A few words on the significance of the Beagle 2 project are in order. Firstly, the fact that the
spacecraft was completely identified with the UK created immense public interest—much more than was
the case with the successful Huygens probe to Titan, which, although it had British equipment on board,
including the first experiment to contact the surface, was owned by Europe and was never seen as British
by the public in the same way.

4.12 Secondly, the technologies in Beagle 2 are of more than purely scientific interest. For the same
technologies, applied to exploration of the near-Earth asteroids, are of potential economic significance,
given that their natural resources are likely to become important as activity in space increases. At the same
time they have a security application, in the event that an asteroid is found on a collision course with Earth
and needs to be diverted in order to avert a major natural disaster.

4.13 It is hard to see how our eVectively abandoning Beagle 2, by allowing it to become absorbed into
the multinational and slow-moving Aurora programme, fulfils the SpaceStrategy’s goal of “enhancing the
UK’s standing” in planetary science.

4.14 Other witnesses may argue that the UK should rejoin the European astronaut corps, with the object
of flying British government astronauts on the International Space Station. Assuming that this represents
a cost-eVective way of conducting medical research and inspiring young people to take up science and
engineering at university, it would be logical for the Departments of Education and of Health to share the
cost. Since their combined annual budgets come to about £160 billion, whereas the annual cost of a modest
astronaut programme would easily be less than one thousandth of this, it would appear to be reasonably
aVordable, even given the current high costs of space station access.

4.15 To conclude, I invite the Select Committee to consider the following menu of opportunities for
possible greater UK government commitment to space:

(a) Most significantly for the future of aerospace in this country, the UK could implement its current
Space Policy by supporting the embryonic British space planemanufacturing industry in a private-
public partnership, under the auspices of the Department of Trade and Industry.

(b) The Department of Energy could develop a prototype solar power satellite as a practical
demonstration of a sustainable and low-pollution industrial energy supply.

(c) The current space science budget could be supplemented with new money to permit an ongoing
programme of scientific probes modelled on Beagle 2, to Mars and to selected near-Earth
asteroids. The increase in funding should be justified not so much by scientific return as by the
strategic need to keep the UK abreast of emerging technologies with future commercial and
security applications.

(d) The Departments of Education and of Health could share the cost of sending British scientists to
the International Space Station.

(e) The recommendations of the Near Earth Object Task Group could be implemented in full.

4.16 Finally, rather than specific recommendations, I oVer the Select Committee the following general
points to bear in mind when considering options for government action:

(a) Given the natural resources of space and the continuing need for economic growth, it is in Britain’s
strategic national interest to cultivate development of those resources(solar energy, space tourism,
asteroidal metals) through public-private partnerships.

(b) Given the slow pace of international collaborations, including the European Space Agency, and
their habitual focus on high-cost methods, Britain should consider carefully whether a given
project would be more cost-eVective as a national project, or as a collaboration with one or two
selected international partners. We should not simply assume that anything to do with space
should be handed to ESA to deal with.

(c) Value for money to Britain may be achieved not so much by copying what other countries are
doing as by identifying potentially valuable areas of activity which have so far escaped serious
attention. Obviously, this includes low-cost access to space, which currently is mainly in the hands
of the private sector, and would possibly oVer the greatest leverage per pound spent. Other such
areas include a practical demonstration of solar power from space, and asteroid prospecting for
volatiles and minerals.
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(d) Any political party or government which regards itself as progressive has an interest in sharing
the commercial and technological risks of developing the resources and opportunities of the space
frontier. It is time that this was reflected in political rhetoric and practice, in Britain and elsewhere.

October 2006

Memorandum 69

Submission from Surrey Satellite Technology Limited (SSTL)

1. This is an independent submission to the Committee from Surrey Satellite Technology Limited
(SSTL). SSTL has participated fully in preparation of the submission by UKSpace, and strongly supports
theUKSpace conclusions. Nevertheless, SSTLwould like to provide the Committee with observations from
its own unique perspective as a UK-owned SME acting as prime contractor for ESA, UK and export
missions. We will not reiterate points made by UKSpace, but rather will concentrate on additional areas we
feel are important.

2. Our position can be summarised as follows: whilst ESA is essential and successful for large multi-
national space missions, the UK needs a strong national space mission program in order to retain an
internationally competitive, independent space industry, and in order to pressure ESA to provide the best
possible value-for-money.

3. While the UK makes very eVective use of technology investment, it is missions, not individual
technologies, which drive a competitive, value-adding space industry. Missions and systems are where
upstream technologies and downstream applications meet. If the UK is to retain control over this critical
point in the value chain—capturing both downstream and upstream value—it must invest in missions as
well as technologies.

4. All of the major ESA nations use regular nationally funded space missions to position their industry
for major roles in ESA programs. France, for example, has launched or recently approved 18 small satellite
missions and Germany is supporting SAR-LUPE and TANDEM-X. Italy, Spain, Sweden, Belgium,
Denmark and Canada all have small satellite programmes under way.

5. As a result of these national programmes, these industries are also positioned to out-compete the UK
in global and European export markets. In our experience, products from France, Germany and Italy,
developed through national missions, are now eroding the UK market share overseas.

6. In the past, the UK has achieved outstanding results through investment in national space missions.
We refer primarily to the Micro Satellite Applications in Collaboration (MOSAIC) program initiated in
2000, which successfully positioned UK industry to win both ESA and export contracts—achieving a five
times ROI.

7. The MOSAIC investment in the UKDisaster Monitoring Constellation (UK-DMC) satellite catalysed
the formation of the world’s first coordinated constellation of nationally owned satellites. This directly
resulted in orders for three similar satellites (the most recent having been signed only this summer). As a
result of this success, a profitable remote sensing data service company (DMC International Imaging
Limited) has been formed to exploit the constellation’s data, and the BNSC has become a member of the
prestigious International Charter: Space and Major Disasters. The DMC has now become an
internationally-recognised exemplar for modern EO systems—led by the UK.

8. The MOSAIC investment in TopSat has placed the UK at the forefront of the new trend towards
“responsive space” for security users. In addition, it provided the technological basis for SSTL to secure the
£20 million RapidEye constellation contract, the £10 million Beijing-1 contract and expected £50 million in
further export contracts to be signed before the year end.

9. The MOSAIC investment in Gemini has had a very significant impact, positioning the UK to win the
GIOVE-A contract. GIOVE-A, the only satellite thus far launched for the Galileo program, was essential
for Europe to meet the requirements of the International Telecommunications Union to secure the Galileo
spectrum allocation.GIOVE-A has also demonstrated conclusively that theUK-ledmove to smaller, faster,
better-value space missions can be used by ESA. If the lessons of GIOVE-A are properly understood and
reinforced, European taxpayers could save tens (maybe hundreds) of millions of Euros onGalileo and other
large space systems. The GIOVE-A success for Europe was only possible because of the UK expertise in
small satellites.

10. In total, the £15 million of DTI funds invested in MOSAIC have resulted in at least £80 million of
economic activity in theUK. On the basis of these results, we strongly recommend that HMGplan a further
MOSAIC initiative—where modest government pump-priming funding is more than matched by industry
to enable advanced small satellite missions. Now is an opportune time for such an initiative, which would
stimulate specific industrial, public-sector and economic benefits. The paragraphs below highlight specific
possibilities we feel would be of interest to the Committee.
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11. Small missions for Global Monitoring for Environment and Security (GMES): Whilst the European
GMES programme is now entering its implementation phase, we are very concerned that it will become a
massive programme subject to the associated delays, risks and political compromises. HMGmight seek to
stimulate a more aVordable and rapid implementation of some GMES goals through small missions. This
would also allow the BNSC to take a leading role within the UK in promoting the practical use of space by
other government departments.

12. UKMoD Synthetic Aperture Radar Mission: SSTL is presently working with Astrium and other UK
space companies to provide the UK with a highly responsive, UK-controlled, all-weather remote sensing
capability. Such a system involves the very best of UK industry, exploiting decades of HMG technology
investment and bringing the UK on par with France and Germany. In addition, it gives the UK a state-of-
the-art quid pro quo in the security relationship with the USA.

13. UK-Led Lunar Exploration:With Europe, the U.S.A., China and even India planning extensive solar-
system exploration for the coming decades, now is the time for the UK to stake its claim to a substantial
industrial role in these programs. Using existing UK technology and knowledge in robotic space missions,
demonstrated through a national or bi-national lunar exploration mission, UK industry can position itself
for future roles both in international scientific exploration and in the provision of critical communications
and navigation services at the Moon and Mars. SSTL is aware of strong support within NASA for a UK
led bi-lateral lunar mission with the USA based on Surrey’s small satellite expertise, and this could become
a centrepiece for a UK national initiative. Such an initiative would enable the UK to develop and enhance
its expertise in robotic space exploration and allow the UK to “punch above its weight” in support of
international exploration projects by providing essential infrastructure elements and addressing key
scientific or technological issues.

14. We are aware that our promotion of a UK national small satellite mission initiative may be seen as
parochial and self-serving. We believe, however, that such an initiative would benefit HMG and the entire
UK space industry—from instrument suppliers to value adding operators. SSTL’s mission is to “Change
the Economics of Space”, not simply to benefit our own Company, but because we believe that this brings
better value-for-money from all space endeavours and creates more opportunities for the exploitation of
space by UK stakeholders across the government, scientific, industrial and commercial sectors.

15. Because the preponderance of UK government funding for space is spent through ESA, we are aware
that a national initiative alone is insuYcient to substantially improve value-for-money for UK taxpayers.
In addition to a national initiative, we recommend that HMG place the utmost pressure on ESA to reform
its procurement and technical approaches, including the management of the science programme.

16. The GIOVE-A mission demonstrated that the pragmatic value-for-money approach to space
engineering pioneered by SSTL in the UK can be eVectively applied to critical European programs. We
believe that this success should lead ESA to adopt a more flexible approach to procurement, reserving the
more traditional and expensive processes for launch vehicles and the largest missions, and following cost-
eVective commercial processes elsewhere. Not surprisingly, there are substantial conservative pressures
within the industrial and institutional structure of European space. Without pressure from the member
states, ESA will naturally retain its existing processes.

17. Finally, we have come to take space for granted—so much so that we do not realise how deeply
embedded it has become in our everyday lives. Most people would recognise that space provides us with
satellite TV, weather pictures, images of far galaxies from Hubble, the rovers on Mars, but all too few
outside the space community realise that their personal in-car navigation system is using transmissions
received directly from a constellation of US military satellites. Indeed, as a nation, we have become
fundamentally reliant on space to underpin our lifestyle and security. Fortunately the UK possesses a
vibrant and capable space industry—both manufacturing large & small satellites and exploiting their use
once in orbit contributing billions into the UK economy and creating a world-class technical workforce.
However, space does not at present command significant attention at the top levels of UK government—
and this represents a substantial risk to the UK.

If, hypothetically, space were to be “switched oV”, the UK would experience major infrastructure
problems.

— Disruption to telecommunications to remote locations around the world; to ships or aircraft in
flight; no live news feeds from many parts of the world; no ability to support disaster relief
operations; no satellite TV and consequential loss of revenues to the UK.

— Loss of accurate weather forecasts—with a £1.5 billion/year impact to the economy of the UK
alone. We would be blind to the progress of global warming.

— Loss of SatNav—most vehicle fleets could not operate eYciently; our military campaigns would
falter—or increase collateral damage and civilian losses.

— Loss of universal timing—used to synchronise power and telecoms networks; banking and share
trading; the mobile phone networks—most of these would stop operating.

Very rapidly the UK economy would falter—we would experience severe problems with food
distribution, availability of cash, communications and our national security would be vulnerable. These
considerations are not lost on other nations—such as the US, France, Germany, Italy, India and China—
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and developing countries have been quick to realise the importance of space in providing the tools for
development and improved economic security (for example, Algeria, Nigeria, Turkey now have their own
Earth observation satellites . . .).

In this context, the UK government would be wise to place space further up its agenda—not because it
is exotic, but for the benefit, well-being and security of the country without dependence on the assets of
other nations.

18. TheUK currently enjoys a world-leading position inmodern small satellites that now enables theUK
to access space aVordably and exploit its use for the benefit of the nation. We should not miss this
opportunity.

November 2006

Memorandum 70

Submission from Andrew Weston, University of Warwick

Based on historical evidence and current analyses I submit the following recommendations to the
Committee in the hope that members will both be able to address the shortcomings of UK space policy in
the current and longer term interests of the country and to re-awaken a belief that the UK has a future in
space alongside any nation and a sense of how neglected British involvement in space has been over the past
30 years.

My own background is not in space science but as a researcher it is ever striking how through existing
space policy the country eVectively has set itself a technological upper limit on what it is prepared to do. It
is hoped the following enlightens on these restrictions.

1. UK Space Funding is Insufficient

Abandonment of theUK’s original space project was primarily on economic grounds eg universities being
built in the 1960s. The fact remains however that this diversion of resources was not intended to be
permanent. The UK economy has grown consistently since 1991 and anyway is more stable than the post-
war three or four decades.

A recent report by the Parliamentary OYce for Science and Technology summarised important concerns:

— It recognised concern over the amount spent by Government despite UK policy being tightly
objective-based. “China, India and Japan have rapidly expanding space programmes. In October
2005 China completed its second human space mission, while India is developing an indigenous launch
capability.”

— Collaborations are often sought by countries with major or expanding space programmes but
“since 65–70% of the UK’s budget is spent through ESA, such collaborations often have to be turned
down. In 2004–05, £55 million of PPARC’s £66 million expenditure on space went to ESA.”

An expenditure of £200 million on civil space activities puts Britain, according to a BBC News Online
article, 16th in the world behind India and far behind France.

Labour and Conservative MPs have remarked on current investment in the space sector at the end of
last year:

— Conservative MP Nigel Evans, “Britain will be seen as a country that really isn’t interested, that’s
not committed to the space industry. When there are other collaborations in the future Britain won’t
even be thought of.”

— Labour MP Bill Olner “It’s no good the government giving warm words and reassurance. That’s got
to be matched by investment.”

2. A National Space Agency is in the Interests of the United Kingdom

The Parliamentary report also remarked:

— “A report by the House of Commons Science and Technology Committee into government support
of Beagle 2 pointed to a lack of oversight of the project both on the part of ESA and of the UK
government, although it praised the government’s enthusiasm for the project.”

— “Some concerns remain over a lack of ‘joined-up thinking’ across government and lack of appreciation
of the benefits of space.”

In view of calls having been made across the government that the UK must be able to compete
economically with China to survive, it is essential that the UK allocates funds to whichever collaborations
serve the public and national interest best rather than an unthinking bias towards solely European
collaboration. It simply does not appear to be a coherent, “joined-up” approach to divert most space
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resources to ESA and then have to compete to harvest the benefits from them. If, as the National Audit
OYce thought, that the BNSC is an eYcient and praiseworthy structure through which funding is
coordinated then itmakesmore sense that the coordination of space strategy is also undertaken at a national
level at all times which evidently it is not at present.

The report recognises the possibility of a UK space agency as a national coordination body but which
would require adequate funding to be successful. The validity of such an organisation has been lent support
by recent comments from British-born astronauts, academics and organisations who lament the eVective
decline in the UK’s historic space ambitions despite the current economic revival:

— A Royal Astronomical Society report warned that the UK could become isolated on the
international stage if a re-evaluation was not conducted of the government policy not to fund
human exploration of space. Co-author Dr John Dudeney: “The UK is the fourth largest economy
in the world. We have an amazingly rich and diverse capability in engineering and science; we have
an enormously powerful capability and it could be used in this context to great eVect.”

— British-born astronauts, with suspected significant loss of national public interest, have to obtain
foreign citizenship and wear foreign badges on their person to fly into space. Astronaut Piers
Sellers has recently voiced his support for UK funded astronauts.

The inspirational value of seeing British eVorts in space is hard to quantify despite the obvious interest
in the Beagle 2 mission. Speaking of the Surrey Satellite Technology constructed Galileo satellite precursor
Giove-A launched last year, University of Surrey vice-Chancellor Chris Snowden remarked: “This is an
international stage we are on today in higher education, so having a successful programme like this heightens
the level of interest for students. I hope it will encourage them to pursue this type of career. I think it shows that
the UK can still be at the forefront in science and space technology despite what we see going on in the rest of
the world.”

However, the problem of coordination seems to be summed up by IanWaddell of Amicus who stated last
year in relation to the impact on the UK space sector’s industrial and high-level skill base: “The underlying
problem to all this is that there isn’t a coherent space policy in the UK . . . The DTI’s contribution is only one
part of the total UK space budget; and the other departments don’t see space as being that important to them
in the grand scheme of things.”

The delivery of public benefits and wealth creation through space and the ability of the UK to be a
technological leader cannot be achieved if the arrangement under which space strategy is ultimately directed
represents derogation of control. This does not represent international cooperationwhich could be achieved
by a national space agency in full control on a case-by-case basis but cut-throat competition—within a small
group of regional neighbour countries—from the outset which to an area so vital to the future of the nation
appears extremely self-defeating. Turning down collaborations with willing potential international partners
as a result looks bad in itself and surely bodes extremely badly for the future.

3. An Indigenous Launch Capacity is Possible and Beneficial

British involvement in launchers for satellites and orbit payloads ceased in 1971 shortly before the
ascendancy of commercial launches through Ariane (largely a product of initial British investment), NASA
and Russian launchers. C N Hill estimates that up to 20 of the satellite launches for 1999 would have been
within the capability of 1960s–1970s UK launch technology alone and that given investment in a suitable
launch site and starting from existing blueprints of UK projects a launch capability would still be feasible.
Satellite design and manufacture is the major component of the British space industry and is a beneficiary
of the national investment into the original launch facilities.

Additionally, work was started on a re-usable innovative single-stage-to-orbit launcher (Hotol) in the
1980s but was cancelled by Margaret Thatcher’s government in 1985. The ability to de-classify the designs
for this project remains with the government of today and the technology has been taken forward in the
form of Skylon by Reaction Engines Ltd ( http://www.reactionengines.co.uk/ ). Furthermore, launch
technology exists today in Trident (its American predecessor Polaris was also upgraded by the UK). With
modification—eg boosters—this system is a candidate for a launch vehicle.With a debate on today’s nuclear
deterrent replacement imminent and one option being to upgrade Trident, what might be described by some
as a “necessary evil” might be more palatable if the technology had a wider, more pro-active use to the
economy and progress.

Re-establishing a national launch capacity in some form is thus likely to provide economic gain and to
provide a legacy of capabilities in an area that is only set to increase in usage in the future. It would provide
the opportunity to bid for launch contracts within the EU and outwith benefitting the UK economy and
expand the worldwide market thereby providing the widest possible benefit.

It is surely a lazy assumption that space is any less the UK’s concern than any other country in view of
the space-faring plans of a multitude of nations including China, India and Japan. Prioritizing future
technologies in the past has led to the staple transport, energy and defence means that we rely on today. It
is incumbent upon the political leadership of the present to make such an investment in the future.
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“As so often in the development of new technology, economy in expenditure has resulted in too little being
done to achieve success and the money, time and eVort that has been expended has been spent to little purpose.
It seems to us to be a classic case of ‘penny wise, pound foolish’.”—Select Committee on Science and
Technology, 27 October 1971 on Britain’s involvement in space.
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Submission from Reginald Turnill

Source

As BBC Aerospace Correspondent, Reginald Turnill has covered spaceflight, and especially human
spaceflight, since 1956. He was at Cape Canaveral and Houston for all the Mercury, Gemini and Apollo
missions, and created Jane’s Spaceflight Directory. His other books includeFarnborough: The Story of RAE;
Celebrating Concorde; and The Moonlandings.

Executive Summmary

This paper provides a first-hand account of the negative decisions which have led to Britain being the
world’s only major country not to participate in human spaceflight. Other submissions will no doubt draw
attention to the need for a more positive space policy aimed at reviving academic and public interest in
advanced technology—as supersonics and Concorde did for many years. It concludes by drawing attention
to Mr Roy Gibson, the first DG of the ESA and then BNSC, who must be the most distinguished civil
servant never to receive an award.

1. In the mid-50s my job was to watch and report on the US and Soviet scientists working themselves,
their populations and their rocket engineers into a state of near-hysteria in the technical contest to be first
to establish men on “the high ground” of space,—the Moon. Alongside it all, I was monitoring successive
British Government decisions to pull out of the missile race, with accompanying ditherings as to whether
past missile investments could be put to some use in space technology.

2. Mention of Hawker Siddeley’s Blue Streak intermediate range missile, had been forbidden by the
Ministry of Defence in the late 1950s—even though it stood proud in its gantry for all to admire as we drove
past Hatfield on the A1. Very reluctantly—because Ministries felt more important if they had secrets to
guard—Blue Streak ws finally declassified in 1958. But the decision to abandon it as a defence weapon, even
when sunk for protection in concrete bunkers, was not announced until April 1960, when its future already
looked bleak.

3. The question in 1958 was whether the millions consumed during its development could be recovered
by using it as a spacecraft launcher. As you know, Peter Thorneycroft, then Aviation Minister, was given
the task of trying to create a joint European and Commonwealth “space club” around Blue Streak.

4. At the same time the Government was vacillating about Black Knight, a 35ft-tall research rocket
developed by Saunders Roe in the Isle of Wight. At the still all-British Farnborough Air Display in
September that year its makers had enthusiastically prepared a site in the GuidedMissiles section on which
they planned to display a full-size mockup to the public.

5. To most people rockets and missiles still meant weapons of war and the ability to deliver nuclear
bombs, and few as yet thought of them as potential spacecraft launchers. Arriving at my first Farnborough,
I expected to make Black Knight a major feature of my radio and TV stories, but when I hurried there with
the camera crew on Press Day the site was empty, and the Ministry of Supply remained obstinately silent
about the reasons.
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6. Not until eight days later, on the last Sunday evening, with thousands jamming the exits on their way
home, did oYcials manning the Ministry of Supply stand produce from under the counter a one-twelfth
model of Black Knight—passing word to their rather limited number of friends that it was on display. I was
not among the friends.

7. Called to account at a Press conference next day, Minister of Supply Aubrey Jones said the model had
been produced a few hours after Black Knight had been successfully test-fired in Australia. No aircraft was
ever shown at Farnborough, he explained, unless it had accomplished ten hours of test-flying. There were
no rules governing the display of rockets, so he had made one—that none should be shown at Farnborough
unless it had been successfully test-fired. He still thought he was right, he said, despite all the criticism. The
actual reason for his ruling—the pathological fear of failure—was of course not mentioned.

8. In an interview I extracted from Jones the information that his Ministry—probably the most secretive
of all Ministries when it came to accounting for its expenditure of the public’s money—had spent £5 million
on Black Knight. It was a one-stage research vehicle able to reach an altitude of 600 miles, and was intended
to explore the problems of heating, etc, when a space vehicle was re-entering the Earth’s atmosphere
from orbit.

9. “It doesn’t put us into the satellite business, but it puts us halfway there—if we choose to go there” he
said. Trying to sound less critical, I asked how Britain had managed to produce Black Knight so cheaply,
compared with American eVorts. “We do all our research, compared with the Americans, on a shoe-string”,
he boasted. “That’s one of the exciting things. We do achieve results by much more economical means.”

10. This, however, did not quite tie-up with what his fellow Minister, Harold Watkinson of Transport
and Civil Aviation, had told the pre-show dinner guests of the Society of British Aircraft Constructors.
InsuYcient attention had been paid, he said, to the need for planemakers and airline operators to earn some
sound profits. There were then still six years to go before relationships between the aerospace industry and
Harold Wilson’s Labour Government were to explode into public snarling, but Whitehall was already
becoming noticeably impatient with demands from these industries for subsidies and financial backing.

11. These were the years when Governments as well as the Services and the airlines, began to prefer
American products to those produced in Britain. The catch phrase was that it was so much cheaper to buy
them “oV the shelf” from our US ally than to invest millions of pounds doing our own development work—
disastrously encouraged by a shortage of skilled labour and no serious worries about unemployment.
Needless to say, this approach was warmly applauded as sensible and far-sighted by our much shrewder
American competitors. The unions, obsessed with trying to improve the conditions of their lowest-paid
workers, were less interested in long-range prospects for engineers and technicians who were still in short
supply and could easily get jobs.

12. The British-built V-bombers and their stand-oV bombs were still not fully operational, but I was
already covering the arrival from the US of “the ultimate weapon”—60 Thor IRBMs (Intermediate Range
Ballistic Missiles). We were told that they were “intelligent monsters”, 65 feet long, 8 feet in diameter, able
to work out their own trajectories if and when they delivered their H-bombs on the 1,500 mile journey from
the Norfolk coast to their Soviet targets. They lay prone in their specially-built air-conditioned shelters,
ready at the touch of a button to roll out on their private railway, raise themselves into the vertical position,
slurp up around 50,000kg of liquid hydrogen and kerosene, and set oV.

13. Having described their arrival and explained how national pride was salved by arrangements that
they could be fired only when both US and British Air Force oYcers produced their twin keys, I almost
forgot about them until I returned for the dismantling story six years later. In between, RAF crews faithfully
serviced their 60 intelligent monsters, their boredom relieved with occasional trips to Cape Canaveral to
make test-firings of the oldest of their charges. For most of that time the Thor IRBMs had been “sitting
ducks”, totally vulnerable to a Soviet first-strike. But one supposes they did give British engineers and
technicians some second-hand, but much restricted familiarity with the technology of what later became the
Delta space launcher.

14. A modest beginning to a national space programme was announced to the House of Commons by
Prime Minister Harold Macmillan on 12 May 1959. Expenditure, he said, would be in hundreds of
thousands. rather than millions of pounds. He appeared to be in substantial agreement with a Labour MP
who queried whether there was any value in the work apart from “keeping up with the Joneses”. Neither by
nature nor education said Mr Macmillan was he “inclined to swallow everything that scientists told him”,
but he was impressed by the universal opinion of the distinguished people who had been consulted.

15. Foremost among these was Prof (later Sir) HarrieMassey , whowas appointed to head a British space
research team sent oV to Washington to discuss possible co-operation on satellite launchers. But the main
British eVort, it was made clear, would be directed at the design and construction of instruments for
satellites, rather than either complete satellites or complete launchers.

16. Space research was made the responsibility of Quintin Hogg, former MP, then Lord Hailsham, Lord
President of theCouncil. I interviewed both him andMassey after they had held a news conference following
the Prime Minister’s announcement. Massey, calm and courteous, was always an eVective advocate of
British space activities, but he made it clear from the start that his preference was for “instruments
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automatically operated”, and he specifically ruled out even biological studies of animals in space. The
attitude of this much-respected scientist was to make it impossible to obtain any eVective support in Britain
for manned spaceflight for the remainder of the 20th century.

17. Lord Hailsham, as always, found it a great eVort to bring himself down to the mental level required
for a radio and TV interview. He did not relish my questions about “hitching a lift” in American satellites,
and whether, once we had started, Britain would “go for the moon”.

“Is there no hope then that the Dan Dare of the future won’t be American and won’t be Russian, but will
be British?” “Well I don’t know, I don’t know at all”. “You’re not oVering us any hope.” “Well, I don’t
knowwhy you should call it a hope. I’m quite happy with the Earth, but I dare say we can arrange something
for you in one of our satellites of the future.”

18. By then Prime Minister Macmillan had accepted the US oVer to supply Skybolt missiles at knock-
down prices—we would not, it seemed, have to contribute to their development costs. This air-launched
missile would be dropped from an under-wing pod up to 1,000 miles from its target by second-generation
British V-bombers. The independence of Britain’s nuclear deterrent would be maintained by the fact that
Skybolt would carry British-made nuclear warheads—even if they could not reach their targets without US
help. Macmillan, it was clear, had also half-committed Britain to follow Skybolt with the purchase of US
Polaris missiles for launch from submarines. The rivalry of the US Air Force and Navy in promoting these
weapons I will come to later; and already Britain’s few knowledgable space enthusiasts foresaw a bleak
future for British technology in the anticipated spin-oV area of space launchers.

19. I had diYculty pulling together all the threads of events in 1960.Muchwas happening simultaneously
in defence, aviation and space—accelerated so far as Britainwas concerned by the appointment inDecember
1959 of Duncan Sandys as the country’s first Minister of Aviation. He immediately started to force the
famous aircraft companies tomerge themselves into two large groups by the simple expedient of telling them
that any company not merging would get no more Government contracts. Handley Page, Britain’s oldest
aviation company, refused to comply and was driven into bankruptcy.

20. In the US the state of mind was vividly illuminated when an Air Force general in the Pentagon told
me: “The real danger is that Russia will invent something we haven’t invented!” This sort of panic mentality
meant that it was a golden age for the inventors—and there were some areas which the US was glad to leave
to Britain. They included vertical take-oV aircraft, and within days of building a broadcast around the
General’s remark I was watching Tom Brooke-Smith giving the first demonstration at RAE Bedford of the
Short SC1—soon overtaken by Bill Bedford and the Britsol Siddeley 1127.

21. The US Air Force watched British developments with close interest—and especially, while they were
introducing their 8-jet B52 bombers, the parallel development by Britain of three diVerent V-bombers—the
Valiant, Vulcan and Victor.WithMoscow only 1,500 miles away fromLondon, the V-bombers needed only
one-third the range of their US rivals. Nevertheless, the RAF decided to demonstrate to the world that by
means of inflight refuelling, the Vickers Valiant V-bomber could fly 8,100 miles non-stop from Singapore
to Marham in Norfolk—a gimmick perhaps to attract export orders.

22. So, one day inMay 1960 a BBC camera crew and I set oV fromNortholt Airport to cover its arrival—
but I never learned whether it did arrive. Two small RAF Ansons were provided to ferry newsmen who had
dutifully signed forms absolving the Air Force from any liability in the event of accident, to Marham. The
second Anson, carrying the camera crew, suVered an engine failure on take-oV, and the pilot shut down the
good engine instead of the failed one, and ended by pancaking on to the roof of an ExpressDairy egg factory.
Happily the only serious casualties were thousands of neatly-packed eggs—so we covered that story
instead—to the great annoyance of the RAF and the Valiant bomber crew.

23. Next day I was back on the Skybolt story, demanding from Harold Watkinson, now the Defence
Minister, what would happen if the United States suddenly cancelled Skybolt, as had happened so often
with such ambitious projects. No problem, retorted Watkinson: “We are full partners in the project, so any
such decision would have to be made by both partners together”. It was not a bit like that when cancellation
did come—and even I did not believe it possible that an ally could be given such short shrift.

24. Between doing a sensational “lead” that the Skybolt deal had been accompanied by an unannounced
US-British plan for a round-the-world H-bomb patrol with their combined fleets of nuclear bombers, I
visited the College of Aeronautics at Cranfield. There was little interest in my report from there that because
of the urgent need for training in space technology the College was about to start a 12-months’ course on
the subject.

25. “Is it possible,” I asked the unfortunate professor, “for Britain to teach space techniques when she
hasn’t got a space programme of her own?” “Yes Mr Turnill, we don’t see any diYculty or inconsistency
becausewe believe that space technology is just a continuation of aeronautical engineering along a particular
line.” Britain and its young scientists have indeed been fortunate that such people have never given up. The
result has been a steady flow of British scientists right through the second half of the 20th century—into the
space programmes of course of other countries.
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26. In the second half of 1960s the Soviets followed up the shooting down of Gary Powers in his high-
flying U2 by shooting down a USAF RB47 reconnaissance aircraft, with six-crew aboard, because they
alleged it was inside their territorial waters over the Barents Sea while taking a sideways radar look at Soviet
defence systems.

27. Ten days later two Soviet dogs were launched into orbit and safely recovered, and I was interviewing
Squadron Leader Peter Howard of the RAF’s School of Aviation Medicine for an explanation of why the
Americans sent up monkeys and the Soviets dogs. Physiologically, explained Peter (who became a friend as
well as an Air Marshal in the ensuing 30 years) a dog was more like a man; but while monkeys were smaller
they had the great advantage that you could train them “to push buttons and work knobs” as men would
have to do. The Soviets, we were to discover, were eight months away from placing Yuri Gagarin in orbit.

28. A week after that I was in a Vulcan of 617 Squadron, describing the RAF’s new procedure for getting
Britain’s V-bomber fleet into the air within twominutes of a warning that Soviet missiles had been launched
against us. The theory was that the BMEWS radar warning system could give us four minutes’ warning that
missiles had been launched—just time to boil an egg, said some wag. But, it was argued, if we could get the
V-bombers, with their H-bomb loads, airborne in half that time, there would be no point in the Soviets
launching their missiles in the first place, since the V-bombers would utterly destroy Russia no matter what
damage their missiles did.

29. To convince the public—and of course theUSAir Force—of this, I sat in the dark below and between
the pilot and co-pilot—the inside of the Vulcan was more like a cellar than a flight deck—recording: “This
is the Bomber Controller. Scramble, scramble, scramble.” Five pairs of hands reached in all directions for
those knobs and buttons envisaged by Peter Howard; pilot and co-pilot, facing forward, used a new
procedure to start all four engines simultaneously instead of in sequence. Behind them, three technicians
facing backwards and looking at TV displays and radar screens, were equally busy, arming and targeting
their weapons. We lifted oV the runway at Scampton, Lincolnshire, in 1 minute 57 seconds.

30. At the Farnborough Air Show a week later, Valiant, Victor and Vulcan squadrons took daily turns
to demonstrate that they too could achieve such take-oV times. It certainly impressed—as well as
deafening—the visiting public, but the hope was that the numerous “military attaches” attending from
London’s Soviet Embassy would be evenmore impressed and send warnings toMoscow in their intelligence
reports. The cold war was at its frostiest.

31. At this time America felt that they needed British approval of their policies as never before—with the
result that a few days after the end of Farnborough, I became an “honorary major-general” in the US Air
force for a memorable three weeks. Seventeen British air and defence correspondents were provided with a
40-seater Convair of the US MATS (Military Air Transport Service, fitted out with a seat and worktable
for each of us for a 20,000 miles tour around US military establishments, in Greenland and Iceland,
culminating in top-level briefings at the Pentagon and State Department.

32. In addition to periodic broadcasts during the tour on America’s long-range missile and space policies
(the fulfilment of which I followed for 20 years afterwards) I had a fascinating encounter with Dr Edward
Teller, an excitable scientist world-famous as “Father of the H-bomb”. He was foremost among top-level
Soviet-haters, who scared us with their mindset of “If we’ve got to have a war, let’s get it over with”. Teller
sat across the table from me criticising his fellow scientists for arguing that the Soviets would learn nothing
of military value by their planned space probes to Mars and Venus. “That’s all very well” he declared with
passion, “but what I want to know is: what KIND of nothing?”

33. At that time Teller was campaigning for the resumption of nuclear tests, arguing that the US had
given the Soviets a huge military advantage by suspending tests and saying that they would never be the first
tomake a nuclear strike. This was amiscalculated risk, he told us.More tests were needed to develop smaller
rockets and bases. How would nuclear explosives work in a vacuum, and what kind would be needed to
destroy military satellites? The Soviets might be doing nuclear tests far out in space, where it would be
diYcult to detect them, with none of the radioactive fallout coming back to earth.

34. Then came rival briefings from US Air Force seeking to convince us that what was needed was their
airborne ballistic missile Skybolt, while the US Navy (who were to win) argued that they should be allowed
to develop the submarine-borne missile Polaris. General Raborn, its chief advocate, told us: “It’s sort of like
Marilyn Monroe; it can do something for everybody!”

35. Meanwhile Peter Thorneycroft, in pursuance of Macmillan’s orders 18 months earlier for “a modest
beginning” in space, had completed talks with Australia, Canada and France, aimed at persuading them to
join a European/Commonwealth “space club” using Blue Streak as a first stage launcher for placing “heavy
satellites” in Earth orbit. There was no obvious role at that time for Canada, but it was probably that
stimulus that led to Canada becoming a major player in the space game in later years; Australia was eager
to join in anything that would enable the Woomera rocket range to survive.

36. The French alone seemed lukewarm. It was all much too British-led. But they were obsessed with
fulfilling de Gaulle’s insistence on an independent French nuclear strike force, and the need to replace out
of date bombers with long-range missiles as a delivery system. They wondered whether a version of Blue
Streak, suitably de-Anglicised, might save them a lot of development money. So the French had told
Thorneycroft that they would consider it and let him know.
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37. So, as 1961 began, hopes rose that there would be a future after all for the British scientists and
engineers who had built a reservoir of knowledge during their work on space-related defence projects. After
weeks spent touring Europe, Aviation Minister Peter Thorneycraft attended a 12-nation conference at
Strasbourg which agreed in principle to the idea of forming a European space club around the abandoned
Blue Streak missile. Britain contributed that as the first stage of a space launcher free of charge, and also
agreed to pay a major share of an (under)estimated £70 million needed to fund a five-year test programme.
Arguments followed as towhether the second stage should be Britain’s BlackKnight or France’s Veronique,
with other countries contributing their specialities in instrumentation, metallurgy, etc.

38. It was three years later before seven European nations, plus Australia, agreed to form ELDO, the
European Launcher Development Organisation. Europe would challenge US-Soviet supremacy with a
launcher consisting of Britain’s Blue Streak carrying France’s Coralie as 2nd stage, West Germany’s Astrid
as 3rd stage, and test satellites provided by Italy. Belgium was to provide the ground guidance station, and
the Netherlands telemetry links and other equipment. Australia, of course, was providing the use of
Woomera.

39. That was Europa 1, and accompanied by quarrels, failures and some limited success, 10 test firings
were carried out at Woomera. The Australians didn’t want to know when it was pointed out thatWoomera
was not near enough to the Equator for launching satellites, so during that time the cunning French built
a launch site at Kourou in the South American jungle near Cayenne, of pepper fame.

40. And in November 1971 I was there with the world’s space correspondents to witness the first flight
of Europa 2—which also had a French 4th stage perigee motor said to be able to place a 200kg satellite in
geostationary orbit.The British, French, German and Italian teams were talking to each other, but only to
complain about each other’s lack of co-operation. It was impressive to watch, from some miles away, the
rocket rising from the midst of thick jungle. But no one was surprised when, two and half minutes later, a
screen showed it going oV course and exploding. I had a convenient circuit and within minutes the BBC was
broadcasting my description of Blue Streak exploding.

41. There were more explosions among the warring rocket teams, each—and especially Hawker
Siddeleys—insisting that their stage was not to blame for the disaster. A press conference opened with a
violent attack on the BBC, my broadcast having come straight back on World Service. Later came threats
to throw me and my old friend Ronald Bedford of the Daily Mirror, into the swimming pool. We managed
to extract ourselves, and went oV to bed. It was the London Evening Standard man who finally got
manhandled, and in an alcoholic poolside fracas the senior Hawker Siddeley man ended with a broken arm.

42. Later of course Blue Streak was declared innocent, having been overstressed by the course deviation,
and a replacement Europa 2 was aboard a French ship bound for Kourou for another attempt when, on
27 April 1973, the whole project was abandoned.

43. Lessons were learned. Out of it all grew the European Space Agency, and our own Roy Gibson was
appointed its first Director General. A born peacemaker, his policy of “just return”, guaranteeing that every
member country would in the long run get full value for its investment, turned ESA into the world’s finest
example of what international collaboration can achieve. When a media campaign led to the formation of
the British National Space Centre, Roy Gibson was appointed the first DG of that, and asked by the
Government to propose a space policy. He did so, and it included a number of “menu” or alternatives, with
varying costs. The Thatcher government rejected the whole of it, and declared it “classified” so that it could
not be published—and indeed to this day it never has been. Gibson was forced into a resigning position, and
his remarkable services to this country have never been recognised in any way.

November 2006

Memorandum 72

Submission from Simon Pearce

1. I am a practising junior surgeon with an interest in trauma. I have long held an interest in aerospace
medicine and have been fortunate enough to carry out a four-week rotation at NASA’s Kennedy Space
Center and I am one of the founding members of the UK Space Medicine Association.

2. As I understand it there is currently no UK involvement in manned spaceflight. There is also no
support for space biomedical research in the UK. Furthermore I understand that there have been three
recent reports concluding that it would be advantageous for the UK in human space activities.

3. Historically the UK has been at the forefront of exploration and discovery and this small island’s
history is felt throughout the world and beyond. I wonder if the committee appreciates that the artificial
light/dark cycle of the international space station is set to GMT (despite being predominantly staVed by
astronauts and ground crew from the US and Russia).

4. The UK also has an internationally respected reputation for scientific research endeavour although we
seem to be ignoring the field of space medicine.



3553511072 Page Type [E] 12-07-07 01:53:06 Pag Table: COENEW PPSysB Unit: PAG1

Ev 280 Science and Technology Committee: Evidence

5. By not supporting manned spaceflight the UK is losing a large skillbase of professionals abroad. I
wonder if the committee appreciates that the “Advanced project leads” forNASA and ESA are both British
citizens (ex in the case of the former).

6. By not supporting manned spaceflight the UK is denying the future of today’s youth many
inspirational careers. I wonder if the committee appreciates the number of children who want to be
astronauts when they grow up.

7. It is known that NASA has submitted several thousands of patents and serendipitous income revenues
from their projects so far as well as the advantages gained in healthcare as a direct and indirect result of
their research.

8. The company at the forefront of the new space tourism also originated in Britain.

9. There is a wide interest base in the field of manned spaceflight and the UK should not deny its citizens
the right to participate.
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Submission from the Department for Environment, Food and Rural AVairs

Executive Summary

1. This paper represents the Department for Environment, Food and Rural AVairs (Defra) submission
to the Science and Technology Committee Inquiry on Space Policy. The paper sets out Defra’s approach
to the use of space-based technology and services including detail on past and current investments. It
includes plans for the future and oVers views about the public benefits derived from space, the coordination
of UK space activities and the value obtained from international programmes.

Space-Related Activities and Investments at Defra

2.1 Defra is interested in space insofar as space-based technology and services contribute to the objectives
and mission of the Department. Defra involvement in and use of space occurs at two levels:

— Providing HMG policy lead on specific space-related projects.

— Investment as a user of space-related technology, data and/or applications.

2.2 In addition to this, Defra is represented in various fora as a Member of the British National Space
Centre (BNSC). These include:

— Space Advisory Council.

— Earth Observation Programme Board.

— European Union Advisory Board.

2.3 Annex A provides a summary of the various groups that Defra belongs to or leads that have direct
or indirect interests in space.

Providing HMG Policy Lead on Specific Space-related Projects

Global Monitoring for Environment and Security (GMES)

3.1 Global Monitoring for Environment and Security (GMES) is a joint “flagship” initiative of the
EuropeanCommission and the European SpaceAgency (ESA).GMES aims to provide the information and
services to improve the development, implementation and monitoring of environment and civil security
policy in Europe.

3.2 In theory, theCommission has the lead forGMES in terms of specifying the information and evidence
that is required to underpin current and future environment and civil security policy. It is the responsibility
of ESA to manage the space-based observation component to meet these needs, building on existing
infrastructure and complementing in-situ data sources.

3.3 Defra is the UK policy lead on GMES, reflecting the potential for GMES to play an important role
in developing future environment policy in Europe and the UK. However, the potential impacts of GMES
are not confined to Defra and, in the future departments and organisations such as DfID, DTI, MoD,
NERC, Met OYce may be faced with opportunities and threats.
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3.4 In view of the wide remit of GMES and relevance to a number of UK stakeholders, Defra has been
workingwith a number ofGovernment departments through aGMESWhitehall Group (chaired byDefra’s
Environment StrategyDirector). This group is underpinned by aworking level team, withmembership from
Defra, DTI, NERC, MoD and Met OYce.

3.5 In December 2005, the UK subscribed £7.23 million over three years to the first phase of the ESA
GMES Space Component Programme with contributions from Defra (£2.5 million), NERC (£2.2 million),
DTI (£1.53million) andMoD (£1.5 million). This subscription level amounted to approximately a 5% share
of the ESA programme, compared to a 30% share for Italy and 31% for Germany. The UK contribution
has been heavily criticised by industry as the geographic return rules of ESA mean that UK companies are
unable to secure major contracts in this programme.

3.6 The Defra funding contribution is based on a recognition that space-based observations are an
important element of GMES and that GMES has the potential to deliver to our policy needs in the future
and is based on a sound concept of addressing common European user needs. However, at this stage of the
ESA programme, the main benefits of UK investment are industrial. At present there is no UK funding
model for this type of programme and this is a major challenge that BNSC and its partners need to address
urgently. Defra employ a full time GMES Coordinator to handle the work load associated with our policy
lead position.

Group on Earth Observation (GEO)/Global Earth Observation System of Systems (GEOSS)

3.7 The Group on Earth Observations (GEO) was established by a series of three ministerial-level
summits. GEO includes 65 member countries, the European Commission, and 43 participating
organizations working together to establish a Global Earth Observation System of Systems (GEOSS). The
GEO vision for GEOSS is to realise a future wherein decisions and actions for the benefit of humankind are
informed via coordinated, comprehensive and sustained Earth Observations and information.

3.8 GEOSS will build on and add value to existing Earth Observation systems by coordinating their
eVorts, addressing critical gaps, supporting their interoperability, sharing information, reaching a common
understanding of user requirements, and improving delivery of information to users.

3.9 Defra currently provides HMG policy lead on GEO by virtue of ‘owning’ many of the policy areas.
These include nine so-called societal benefit areas, namely:

— Reducing loss of life and property from natural and human-induced disasters.

— Understanding environmental factors aVecting human health and well-being.

— Improving management of energy resources.

— Understanding, assessing, predicting, mitigating, and adapting to climate variability and change.

— Improving water resource management through better understanding of the water cycle.

— Improving weather information, forecasting and warning.

— Improving the management and protection of terrestrial, coastal and marine ecosystems.

— Supporting sustainable agriculture and combating desertification.

— Understanding, monitoring and conserving biodiversity.

3.10 The climate component of GEOSS is eVectively GCOS, the Global Climate Observing System.
Defra GADivision funded Prof. Paul Mason, former Chief Scientist of the Met OYce, in his role as GCOS
chair, and continues to fund him now he is vice-chair. Defra GA Division represents the UK on climate
observing systems at the international level, eg at the annual meetings of the UNFCCC and its subsidiary
body SBSTA, and on the Donor Board of the GCOS Co-operation mechanism. Defra GA Division funds
contributions to a number of climate monitoring and observing systems eg AATSR (see Table 5.1) and
ARGO (a network of buoys that acquire various in-situ marine measurements). GA also sit on GECC
Observations sub-committee and represent the Department’s interests in all fora where observations for
climate are discussed.

3.11 The UK line on GEO suVers a similar problem to that aVecting GMES, namely the cross-cutting
nature of the project and the related interests in government, academia and industry. Defra is currently
considering development of a UK GEO strategy but is first seeking the views of various stakeholders on
whether such a strategy is (a) necessary and (b) what should such a strategy look like? It would require broad
support to be successful.

Investment in Space-related Technology, Data and/or Applications

Earth Observation

4.1 Meteorology:Defra is amajor government customer for a range ofMetOYce services. As such,Defra
is indirectly a major user of services with a large satellite component. Defra contracts with the Met OYce
cover a wide range of areas including weather forecasts, climate modelling, air quality monitoring and flood
warning systems.
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4.2 Envisat Advanced Along-Track Scanning Radiometer (AATSR): Defra agreed to take the lead in
commissioning AATSR when NERC, having funded its predecessors ATSR1 and ATSR2, was unable to
fund the 3rd instrument, vital for providing a suYciently long data record for the detection of an emerging
global-warming signal. AATSR contributes data of unprecedented accuracy to the global sea surface
temperature datasets compiled and analysed by the UK Met OYce.

4.3 Ozone and UV measurement: The observations we fund, to fulfil our monitoring obligations under
theMontreal Protocol, are surface-based.Defra is a “customer” for scientific developments and assessments
which rely on observations of all kinds, both surface- and space-based.

4.4 Jason-2: Jason-2 is an international satellite mission to provide high quality radar altimetry data. The
Chief Scientific Advisor provides a small annual contribution towards the UK share of the funding
contribution via the Met OYce. The mission is due to launch in 2007.

4.5 RPA IACS checking: The Rural Payments Agency uses satellite remote sensing for subsidy claim
checking in accordance with EC rules.

4.6 LCM 2000/2007:The Countryside Survey provides a UKLand Cover map as one of its outputs. This
map is generated using satellite imagery for the reference year in question. The product has over 1000 users
and is an important dataset within many research, policy and commercial applications.

Satellite navigation and positioning

4.7 Various Departments within Defra are users of satellite navigation related technology. Major uses
include animal tagging and tracking (livestock and wildlife) and surveying.

Summary of Investments

5.1 Table 5.1 shows the investments made by Defra into EO technology and applications.

Table 5.1

DEFRA INVESTMENTS IN EO TECHNOLOGY AND APPLICATIONS

Technology Application (whole project,
(incl data purchase) % of EO unknown)

Responsible Technology Amount (£) Application Amount (£)

Climate Global AATSR £11 million AATSR data £228k
Atmosphere validation and

plans

AATSR flight £593k
ops

AATSR £337k
management
info system

AATSR archive £300k

Measurement of £316k
ozone over UK

Baseline £797k
measurements and
analysis of ozone
and UV

Marine Science Jason 2 £60k pa
Directorate

Agri and land RPA Satellite imagery £0—data Analysis x£450k pa
management for IACS purchased

by EC

Methods for soil £200k
mapping

Environment European LCM2000 £260k (from
protection wildlife total of £769k)
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Future Use of Space Technology

Earth Observation Strategy

6.1 Defra SESDG is leading development of a Departmental strategy on the use of Earth Observation.
The stated vision of the EO strategy is:

Defra will be an intelligent customer for policy-driven applications of Earth Observation data and
services and will be an active partner in developing national and international programmes that meet
our needs.

6.2 Further work is now underway to determine Defra requirements from EO over the next decade
and devise the best means to deliver those requirements. Defra has employed a full time Earth Observation
Co-ordinator to undertake this work and act as a focal point for EO activities within the Department.

Earth Observation Forum

6.3 The growing interest in EO across government has led to the formation of a small but growing interest
group composed of various government departments. The Forum is discussing where common interest in
EO lies and what activities should be undertaken to make the availability and use of EO data more eYcient
for all.

6.4 The Defra Earth Observation Coordinator is helping manage the Forum and lead discussions on
issues such as potential for a UK Earth Observation Data Acquisition strategy.

Defra View on Delivery of Public Benefits of Space

7.1 The use of space clearly has significant public benefit where related to specific applications. Where
the market can supply these benefits through particular products or services, Defra invests where most
beneficial to do so.

7.2 The greater diYculty lies in delivering public benefits that cannot be captured through normal market
processes (ie where there is a market failure). Long-term monitoring of climate variables is a good example
where there are continuing problems in identifying the right model for public financing of the UK share of
these activities. This issue has been raised for some time now. Activities such as GMES and GEOSS and
bringing the issues to fore again and Defra is working with other stakeholders to see what, if any,
solutions exist.

7.3 Maybe the answer is a climate equivalent to the National Interest in Mapping Services Agreement
(NIMSA) whereby HMG pays the Ordnance Survey a sum to undertake various mapping activities that do
not get funded by normal commercial means. This ensures critical public good benefits are ensured, such as
good quality mapping in times of severe emergency.

Defra View on Coordination of Space Activities in the UK

8.1 UK space policy is rightly to pursue user-driven applications of space. When these applications
require a direct UK investment in space hardware or infrastructure, then coordination and management of
that investment is usually undertaken by the British National Space Centre (BNSC), particularly where it
involves dealing with ESA.

8.2 Defra is a partner within BNSC but since Defra does not invest heavily in space infrastructure
(preferring to purchase products and services that meet specific policy needs) our role within BNSC is more
in terms of policy advisory function rather than as funding body. This distinction between policy lead
function and space infrastructure funding function has lead to diYculties with the UK position within
programmes such as GMES and GEO and highlights one of the diYculties for a partnership organisation
like BNSC.

8.3 The situation is often made more diYcult given strong industry interests in these programmes and
the central role played by DTI as host to BNSC. UK industry rightly expects to play a role in delivering
space infrastructure but can only do this if the UK invests through the usual mechanisms (normally ESA).
So while industry may look to the likes of Defra for policy lead and user requirement, the early stages of
infrastructure investment have to come from elsewhere.

8.4 Defra accepts that there are many aspects of space that command industry interest and subsequent
benefit to the UK. However, we would like to see a more transparent mechanism for aligning industry and
user interests in the early stages of project development, especially where the “user” investment (from the
likes of Defra and other government departments) is relatively small compared to say, investment coming
from DTI.

8.5 There needs to be a more transparent process by which conflicts of interest can be resolved. Defra
would also like to see more user representation in key BNSC advisory boards such as the Earth Observation
Programme Board.
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Defra View on the Benefits and Value for Money Obtained From Participation in the European

Space Agency and Other International Programmes

6.1 Defra experience is derived mainly from participation in projects such as AATSR and GMES.While
Defra accepts the necessity for organisations such as ESA to play a role in coordinating European space
R&D funding, the ESA approach often gives rise to costs and decisions that do not sit well with a user-
oriented approach to space (usually driven by the need to find the most cost-eVective and eYcient solution
rather than the best technical solution). This leads to diYculty in justifying user investment in systems that
are perceived as driven by criteria other than the value for money criteria.

6.2 A good example is the GMES Space Component Programme funding experience. For a Department
used to an environment where the drive is to reduce financial exposure, it was enlightening to see how
European counterparts competed to increase their commitment to the GMES programme. This was driven
largely by commitment to their respective national space industry and demonstrated the diYculties of a user-
driven approach in an environment that is not driven by the common constraints and objectives.

November 2006

Annex A

REVIEW OF SPACE-RELATED GROUPS THAT DEFRA HAS INVOLVEMENT WITH

The following table summarises the range of groups that Defra convenes or are involved with that have
a link directly or indirectly to space.

Green shading—direct relevance to space

Yellow shading—indirect relevance to space.

The table summarises:

— Purpose of the group.

— Defra policy lead.

— Defra group representative.

— Comments on current status of group and issues associated with it.

Group/committee Purpose of group Defra policy lead Defra representative Comments

BNSC groups
Space Advisory Council Forum of government SESDG Andy Shaw (for Broad brush agenda

departments, RC’s and Catherine Boyle) with little of direct
lobby groups to advise relevance to Defra.
BNSC Space Board on
space-related issues.

Earth Observation Advisory board to SESDG Andy Shaw/John SuVers from two
Programme Board BNSC on Earth Harmer things:

Observation matters. 1. Lack of a defined
There is no Earth
Observation
“programme”.
2. It does tend to get
dominated by industry
lobby to DTI/BNSC.

European Union Advisory board to Unclear, both Andy Shaw/John Interest to Defra via
Advisory Board BNSC on European SESDG and EISD Harmer. GMES, a joint EC-

space matters in the have sent attendees. ESA programme with
context of emerging a strong space
European space policy. component. GMES

seen as a pillar of
European space policy.

GMES—European Commission
GMES Advisory Council of Members EISD Robert Lowson GAC meets
Council States responsible for approximately every

advising the EC on the 6 months. Experience
objectives, governance suggest meetings are
and funding of GMES. poorly managed with

lack of focus on key
agenda items and
constant overruns.

GMES—National
GMES Programme Core group of HMG EISD John Harmer Main group for
Board departments responsible determining HMG

for UK policy on policy and strategy on
GMES. GMES. Hampered by

diVerences over
objectives and funding
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Group/committee Purpose of group Defra policy lead Defra representative Comments

responsibility but
things improving.

GMES Cross-Whitehall Wider HMG group of EISD John Harmer Has not met for a
Group parties interested in while as GMES PB

GMES. discuss next stages of
GMES programme and
implications for UK.
Other government
departments need
convincing why GMES
is important for them.

GEO
GEO Plenary High level meeting GA David Warrilow/ Next plenary likely to

of signatories to the Cathy Johnson be attended by BNSC,
GEO declaration. NERC and Met OYce.

Defra has policy lead
but uncertain what
Defra interests are.

GEO Working Groups Various working GA David Warrilow/ Similar issue to that
groups exist in Cathy Johnson In raised above. GEO
accordance with the reality, responsibility tackles 9 societal
GEO Work Plan has been devolved to benefit areas including
and governance the UK Met OYce but not limited to
arrangements. who are keen to act climate. Therefore GA

as UK representatives. have diYculty in
representing all Defra
interests. Likely that
other policy groups are
unclear about relevance
of GEO to them.

AATSR groups
SAG/QWG Various technical groups GA TBD Managed by GA as

responsible for AATSR part of the suite of
science programme. AATSR related

contracts.
European Space Agency
Programme Board— Meeting ESA Member None. BNSC hold Ian Davidson is Need to decide
Earth Observation States to oversee and lead on UK PB-EO attending the next whether PB-EO has
(PB-EO) advise on ESA’s attendance. PBEO with BNSC long term interest to

Earth Observation colleagues. Defra and which
programmes (including division should be
but not limited to responsible for
GMES). attendance.

Global Environmental Change Committee (GECC)
GECC Observations Advises Defra on issues GA Cathy Johnson Group has consistently
Sub-group related to all forms of raised the point that

observation, including funding for critical
EO to a certain extent. long term datasets is

problematic. Some
attention paid to EO,
but not to any great
extent.

GECC Global Advisory committee on GA Cathy Johnson Not directly space
Environmental issues related to global relevant but starting to
Research (GER) environmental research tackle issues related to
Sub-group EO.
GECC Global Advisory committee on SESDG Miles Parker chairs Not directly space
Biodiversity Sub issues related to global relevant but starting to
group biodiversity tackle issues related to

EO. Importance of
GEOSS to
DIVERSITAS has
been mentioned.
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Memorandum 74

Submission from Daniela Garelick, Medical Student

Executive Summary

Involvement in space exploration is important in order to help answer fundamental scientific questions,
advance scientific understanding of technology, medicine and other related sciences. It also provides unique
training opportunities and skills for those involved, and helps inspire the younger generation to become
involved with the sciences.

I am a medical student studying at University College London. I have taken a BSc in Physiology and
Pharmacology, which included a module on Space and Extreme environment medicine. I found this subject
hugely interesting and it has resulted in me gaining the opportunity to spend four weeks in NASA, Kennedy
Space Centre Florida for my medical elective. The study of Space medicine has greatly increased my
understanding of physiology. It has also taught me about having to create novel approaches to research, a
skill that will help me in whatever field I enter into.

I believe that the British government should invest in areas related to Space exploration. This would be
advantageous for the general population, the scientific community and British industry.

Evidence for a Change in British Policy Towards Human Space Flight

1. Space exploration currently has its sights set on Mars, primarily to look for signs of life. The
importance of the question “is there life on other planets?” cannot be underestimated.

1.1 One of the most fundamental questions humankind can ask is what is the basis of life? If we are able
to find and to study life, which has originated from an environment other than Earth, it may bring us closer
to answering that fundamental question.

2. However, space exploration has many more benefits than striving to answer scientific/philosophical
questions. Involvement in space related activities have more practical implications.

2.1 Space medicine oVers a unique environment in which to study human physiology and has resulted in
a much greater understanding of this subject. Our greater knowledge of bone physiology, for example, has
lead to novel interventions for conditions such as osteoporosis, which will be of benefit tomillions of people.

2.2 These advances in research are also applicable to technology, especially material science that has
massive commercial implications.

Currently, since Britain is not involved in space activities it is unable to utilise any of these advances. There
is also increasingly commercial interest in space flight and British government involvement would increase
commercial investment in Britain.

3. The knowledge itself is not the only asset to be gained. British involvement in space activities will give
unique training to the personnel involved. This will enable them to provide innovative approaches to
their sciences.

3.1 Not least, space exploration inspires enthusiasm and the imagination of the young, generating great
interest in the related sciences. This is particularly important at a time when interest in subjects such as
physics is at an all time low. As a medical student, I found that studying space medicine was an exciting
experience that has inspired me to get involved with research.

November 2006

Memorandum 75

Submission from the Department for Transport

Summary

The Department for Transport is the Government’s lead Department for Galileo—the EC project for a
civil Global Navigation Satellite Systems (GNSS). Decisions fall to the Transport Council because GNSS
has potential uses in all transport modes, including road pricing and congestion charging, and is therefore
funded from a Transport budget. It also has potential for other applications, including precision timing.
GNSS is one of the tools capable of helping to deliver improvements to the UK transport system, for
example in reducing congestion, improving safety and reducing the impact of transport on the environment,
as well as supporting the UK economy.
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Introduction

1. The Department for Transport’s (DfT) interest in space revolves around the use of Global Navigation
Satellite Systems (GNSS) to help deliver improvements to the UK transport system. GNSS based
applications have potential benefits across all modes of transport, and are expected to be useful in delivering
Departmental objectives, for example in reducing congestion, improving safety and reducing the impact of
transport on the environment, as well as supporting the UK economy.

2. The Department has the UK Government lead on the development of the EC’s global satellite
navigation programme,61 which will deliver to users worldwide a more robust, precise and continuous
service than is currently available.

The Galileo Programme

3. The EuropeanCommission and the European SpaceAgency (ESA) are partners in developingGalileo.
ESAmanages the technical development of the project on behalf of the EC. The deployment and operational
phase will be an EC funded PPP, owned and managed on behalf of the Community by the GNSS
Supervisory Authority (GSA).

4. Galileo will provide a highly accurate, guaranteed, global positioning service, under civil control. It
has been developed as a civil programme and will be capable of providing a more accurate and reliable
service than the two current GNSS systems: the US GPS (Global Positioning Satellite) and the Russian
GLONASS—both originally developed for military purposes. Galileo will be independent of but
complementary to GPS and GLONASS, while providing full interoperability with existing and future
satellite-based navigation systems to deliver a worldwide service.

5. Galileo is expected to oVer five services: the open service (which, like GPS will be free to users); a
commercial service (with service guarantees); a safety of life service (for safety critical services); a search and
rescue service; and an encrypted Public Regulated Service (PRS) for secure governmental applications. It
will therefore enable a greater range of applications in transport and other sectors including guidance,
signalling and timing services, interactive search and rescue, and added value facilities linked to mobile
telephones.

6. The first, UK built, test satellite was launched in December 2005. A second test satellite is planned for
2007, with the launch of the total constellation of 30 satellites and construction of the ground stations by
2010. The commercial operation would then eVectively commence.

7. The deployment and operational phase will be taken forward as a PPP (public-private-partnership),
which will have exclusive rights to use the infrastructure for 20 years. In return, the organisation will bear
at least two-thirds of the infrastructure construction costs. The task of managing the development phase
and selection of the concessionaire is the responsibility of the Galileo Joint Undertaking (GJU)—set up by
the Commission and ESA. It is currently engaged in negotiations with a consortium of eight European
companies. The consortium’s overall structure and governance has not yet been settled, but it has been
decided to locate the operations company in London. If the negotiations are successful, and the European
Parliament and Council approve the proposed financial regulation, the GSA is expected to sign an
agreement with the consortium in 2007.

Galileo Programme Expenditure

8. Galileo programme costs are shared equally between the EC and ESA. The EC share comes from its
transport trans-European Networks (TEN-T) and Research and Development Framework Programme
budgets. ESA obtains its funds from contributions from its Member States; the largest contributors are the
UK, Italy, Germany and France (roughly equal at around 17%). Under the ESA’s “fair return” rules
industries of member states receive contracts on a pro-rata basis proportional to the level of national
subscription to individual projects. UK contributions are paid through BNSC, which represents the UK
in ESA.

9. After additional work requested by the Transport Council the total cost of the definition phase
increased from ƒ80 million to ƒ133 million. The UK contributed the equivalent of ƒ15.3 million to this
phase—(approximately £10.4 million–£4.1 million and £6.3 million from DfT and DTI respectively).

10. The total cost of the development programme is now estimated to be ƒ1.5 billion, an increase of
ƒ400 million over the original ƒ1.1 billion estimate. ESA and the EC will each provide an additional
ƒ200 million to plug the shortfall. The UK’s contribution to ESA was originally set at ƒ95.7 million
(approximately £65 million–£20 million and £45 million from DfT and DTI respectively), but in August
2006 the Government agreed to a further ƒ31 million (£21.2 million) to maintain the UK’s share of the
programme against the other major contributors. EU funding will not be agreed until the detailed
breakdown EU budget for 2007–13 is decided during 2006.

11. The Government, through BNSC, is investing a total of £96.6 million into the programme (including
£24.1 million from DfT).

61 Department for Transport Annual Report 2006 (Cm 6817).



3553511075 Page Type [E] 12-07-07 01:53:06 Pag Table: COENEW PPSysB Unit: PAG1

Ev 288 Science and Technology Committee: Evidence

UK Government’s Objective

12. The UK’s priority objectives are to maintain Galileo as a civil system under civil control and to
achieve a robust and aVordable PPP. Value for money in the PPP concession through open procurement
and fair competition is the best means of delivering a successful PPP fromwhich all member states and their
industries will have the opportunity to benefit economically.

13. The UK Government has some concerns that the estimated costs of the programme have increased
andwe have beenworking to increase transparency and ensuremore clarity of the emerging contingent risks.
Complete details of the full costs of the PPP are unlikely to emerge until the core elements of the concession
contract are agreed later this year.

14. A Transport Council Resolution of December 2004 made the start of the Galileo deployment and
operational phases conditional on the Commission providing a reasoned analysis of the results of the
negotiations, the risk allocation and the final costs. We will hold the Commission to that commitment so
that member states will have a basis for judging the acceptability of the emerging deal and its impact on the
costs and risks to the public sector.

UK Bid for the Galileo Supervisory Authority (GSA)

15. The EC GNSS Agency that will be responsible for regulating and overseeing the overall Galileo
programme once the GJU has negotiated the contract with the concessionaire is the GSA. The Welsh
Assembly Government is leading the UK bid for it to be located in CardiV. The Netherlands, France, Italy,
Spain, the CzechRepublic, Slovenia,Malta, Belgium andGreece have alsomade bids—and othersmay also
bid. The Finnish Presidency is hopeful of facilitating a decision on location by December 2006, but this may
be diYcult to achieve, given other priorities in the Galileo programme and that some Member States are
likely to want more time for lobbying on behalf of their comparatively late bids.

16. The Government is pressing for the decision on location of the GSA to be based on the merits of the
respective bids and the technical and practical requirements of theAuthority, and criteria have been brought
forward by the Presidency.

European Geostationary Navigation Overlay System

17. The European Geostationary Navigation Overlay System (EGNOS)—Europe’s first venture into
satellite navigation—will improve the integrity of existing satellite navigation systems, by augmenting GPS
and GLONASS signals, making them suitable for safety critical applications such as the navigation of
aircraft and ships. EGNOSwill allow users in Europe to determine their position towithin fivemetres (about
20metres is possible withGPS). EGNOS is operating well, although some problems remain, and is expected
to be certified for safety-critical applications inMarch 2008. In 2004DfT agreed to £5.4 million (in 2007–08)
to support certification of EGNOS—for aviation use. However, additional funding is required to keep the
system fully operational while the certification process is implemented. ESA has asked member states to
revise the ARTES 9 Declaration,62 which funded EGNOS. On 21 September ESA formally opened this for
subscription, seeking agreement by 16 November. It hopes for ƒ55 million to cover costs until March 2008,
when transfer to the PPP concessionaire should take place following successful certification.

18. ESA proposes aUK contribution ofƒ6million. DfT understands the need tomaintain EGNOS until
certification and that the investment should lead to eYcient deployment of navigation aids. Ministers will
consider the basis for an additional UK contribution.

Benefits to UK

19. TheUK is well placed to benefit from the downstream applications which will be themuch the largest
proportion of the operational benefits of Galileo. The Commission has estimated the potential market for
GNSS products and services (Galileo and GPS combined) could reach ƒ400 billion63 in the next decade, of
which UK industry can expect to capture perhaps as much as ƒ24 billion64.

Applications

Road User Charging

20. DfT is investigating the scope for charging for the use of roads, as a mechanism for managing
congestion. Although not the primary objective, managing demand is also expected to have knock-on
environmental benefits. DiVerent charging regimes have been suggested, but all depend on the ability to
identify the time and location of road users/vehicles. A number of technologies could be used to achieve this.
However, it is recognised there are many potential benefits to using a GNSS-based system.

62 ARTES 9, “Initial Global Navigation Satellite System”, ESA/JCB(93)66, 17 November 1993.
63 Commission Jacques Barrot’s speech on 12 September 2006.
64 ESYS report for BNSC “Galileo Awareness and Justification Study”, June 2005.
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21. Significant technical issues need to be overcome before a comprehensive GNSS based road charging
scheme could be implemented. These include: the need to secure the necessary level of integrity and coverage,
particularly in urban areas; and the development of on-board units suitable for deployment and use, at an
acceptable cost, applicably to all road vehicles in Great Britain.

22. The Department will sponsor a significant research programme addressing these and many other
questions related to the eVective delivery of time, distance and place charging. Funding of around
£10 million has been allocated for these demonstrations, which will probably include the overall process of
charging using satellite systems and how users of such systems can be have assurance and trust in the
systems’ outputs.

Intelligent Transport Systems

23. As described in “Intelligent Transport Systems (ITS)—The policy framework for the roads sector”—
Nov 2005,65 the Department has many roles in making best use of ITS to give road users higher quality
transport systems and services. These include being a major procurer of ITS technologies and services,
including through direct management of the strategic road network, demonstrations and trials; facilitating
and encouraging the take-up of proven ITS technologies; and promoting innovation by researching the
potential of new ITS technologies.

24. ITS, already an important part of our delivery plans for future transport, will help road users travel
more safely, on less congested roads, and on better public transport services with improved information
services, and bring many economic, environmental and social benefits.

25. GNSS is recognised as an important technical solution for a number of applications, however it is
just one of a number available, and therefore its suitability needs to be considered on a case by case basis.

Shipping and Ports

26. As part of DfT’s shipping strategy66 it will facilitate the use of electronic aids to navigation,
complementing traditional aids where necessary, building on the General Lighthouse Authorities’ vision
statement for 2020. Increasing reliance on GPS has already led to major changes in the provision and
operation of navigation aids. Further new navigation systems are now coming on stream, such asAutomatic
Identification of Ships (AIS), and, by around 2010, Galileo based satellite navigation systems.

Rail

27. The additional integrity information and accuracy of the Galileo Safety of Life service could provide
a complementary source of positioning information for the newEuropeanRail TraYcManagement System/
European Train Control System (ERTMS/ETCS) cab-based signalling standards for high-speed trains.
Satellite navigation systems are also being used to support Selective Door Operation systems, where the
train length is greater than the station platform, and support on-train passenger information systems. They
have the potential to support energy metering and vehicle positioning monitoring as part of fleet
management.

Aviation

28. As described in the Department’s White Paper, The Future of Air Transport,67 there are few areas in
which the UK is free to make policy in isolation from other countries. Most new aviation legislation now
originates from the European Union. In addition, global standards for aviation, including satellite
navigation, are set by the International Civil Aviation Organisation (ICAO).

29. ICAO envisages a gradual transition from the current ground-based infrastructure to the increased
use of GNSS. The use of GPS is already well established in the field of aviation navigation. Refining and
improving satellite navigation through EGNOS and Galileo will provide additional benefits to aircraft in
all phases of flight.

65 DfT, Crown Copyright, November 2005, Product code PPU3617/ES.
See http://www.dft.gov.uk/stellent//groups/dft–roads/documents/page/dft–roads–610509.pdf

66 The Future of Transport—White Paper published on 20 July 2004.
See http://www.dft.gov.uk/stellent/groups/dft–about/documents/divisionhomepage/031259.hesp

67 The Future of Air Transport—White Paper, published on 16 December 2003.
See http://www.dft.gov.uk/stellent/groups/dft–aviation/documents/divisionhomepage/029650.hesp
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Interaction with Other Government Departments

30. The Department coordinates the UK position through a Galileo Coordination Group which brings
together representatives of all interested Whitehall Departments. While DfT has policy lead for Galileo it
collaborates closely with other Government Departments to ensure the complementary objectives fit
together, eg DTI’s aim of enhancing the competitiveness of UK industry with DFT need for applications
capable of improving the UK transport system. DfT is an active partner in the British National Space
Centre.

Research

31. The EC is planning to spend ƒ350 million over seven years on Galileo related research, under its 7th
Framework Programme of Research (FP7)68, 69; covering:

— Exploiting Galileo’s full potential.

— Providing the tools and creating the environment.

— Adapting receivers to the requirements and upgrading core technologies.

— Allowing infrastructure evolution.

32. DfT will fully participate in the Programme Committee overseeing this element of the Framework
Programme. A key objective will be securing greaterMember States’ involvement in specifying the research.
DfT believes that the resources should be devoted to ensuring the success of Galileo, particularly in
developing applications users need and want, and which will therefore provide revenues for the PPP. This
is a higher priority than technology driven research to improve the system.

Impact of DfT Space Activity

33. The Select Committee has identified the following issues as being of particular concern.

Impact of Current Levels of Investment on UK International Competitiveness

34. The primary aim of DfT funded activity, related to the use of space, is to deliver transport objectives.
Nevertheless, DfT supports theGovernment policy of improving the competitiveness of a healthyUKbased
industrial base, delivered by BNSC and DTI.

Benefits of Participating in the ESA and Other International Programmes

35. TheGovernment continues to work tomaintain the priority UKobjectives of: achieving a robust and
viable PPP; maintaining Galileo as a civil programme under civil control; influencing the development and
financial control of the project to ensure a transparent process which delivers a value for money deal for the
Community; and ensuring thatUK industry, already at the forefront of the development ofGalileo, remains
well positioned to exploit it in the long-term. Maintaining our position as a major player within the
programme and as a member state of the EC and ESA, we are able to influence the development of the
project to ensure that the development of Galileo and the necessary expenditure within the EC and ESA are
subject to appropriate scrutiny and challenged when required.

36. Participation in the research Framework Programmes gives DfT influence over the research funded
by the EC supporting the development of Galileo and applications. DfT is seeking stronger oversight in FP7
through the GSA. Tranches of FP6 money were transferred to the GJU where decisions were largely taken
internally.

The Commercial Benefits from Innovation and Technology Transfer

37. A Location and Timing Knowledge Transfer Network (KTN) is managed by the National Physical
Laboratories, building on the successful Pinpoint-Faraday Partnership, the government-backed forum for
GNSS innovation. Location and timing technologies span many areas which touch people’s lives and it is
the KTN’s responsibility to put the UK at the forefront of this growing industry. Their aim is to overcome
barriers by combining academic excellence, industrial expertise and government support to drive
development for the UK in this emerging market. Their role is to:

— Provide a network that has access to the entire industry and provide a forum for identifying people
with ideas and those that can apply them to the real world.

— Help turn ideas into realistic business propositions.

— Provide access to individuals who can explain complex technological issues to the layman.

68 Chief Scientific Adviser’s Evidence and Research Strategy: June 2006.
69 See http://cordis.europa.eu/fp7/
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— Provide newsletters and advice about funding.

38. The KTN, with 700 members, drawn from industry, academia, end users and government, is growing
at a rate of 50% per year. The Galileo team in DfT keeps in close touch with the KTN.

Delivery of Public Benefits

39. DfT’s key objective is to secure public benefit from the development of applications, based on satellite
positioning and navigation systems, aimed at realising amore eYcient, safer and environmentally friendUK
transport system.

Support for Space-Related Research and the UK Skills Base

40. DfT supports significant research aimed at investigating the use of GNSS as the basis of possible
Road Pricing systems and other ITS applications. Much of this work will carried out by UK organisations.

November 2006

Memorandum 76

Submission from the Ministry of Defence

Executive Summary

1. The Ministry of Defence (MOD) as a whole is re-evaluating its approach to space in the light of the
Defence Industrial Strategy (DIS) and the Defence Technology Strategy (DTS). While currently primarily
a consumer of commercial services its aspiration is to engage fully with UK industry and academia
particularly in the provision of niche capability. The Assistant Chief of the Air StaV has recently been
nominated as small satellite champion with the intention of leveraging a UK lead in this important
capability.

2. Overall, the MOD seeks to have suYcient assured access to space-based capability to maximise and
sustain military eVectiveness across Defence. Indeed, the MOD believes that the importance of space in the
prosecution of theUK’smilitary operationswill continue to increase. TheMODmakes extensive use of both
military and commercial satellite communications. The Department is also fortunate to have a privileged
relationship with the US in the exploitation of space capability, particularly in relation to satellite imagery.

3. As an Executive Agency of MOD, the Met OYce is one of the UK’s primary users of high quality
satellite data which plays an essential role in operational meteorology and climate research. The Met OYce
maintains a user-driven, collaborative approach to the provision of data, both within Europe and
internationally. In line with the MOD’s forecast as a whole, demand for data, in particular for climate
monitoring purposes, is growing significantly and continued protection of key radio frequencies is vital. The
Met OYce continues to participate in international initiatives and research activities designed to maximise
the benefit we derive from space data on behalf of the wider UK community.

4. The DIS explains where MOD is currently taking forward space-based capability in communications.
It also sets out broad principles that will deliver improvements in long-term planning for capability, through
greater interaction betweenMOD, defence industries and academia and by promoting innovation in science
and technology that will enable coherence in Defence spend across Research & Development (R&D),
procurement and support. The resultant review of the MOD approach to R&D is set out in the DTS. This
recognises that space-related capability represents a key area for development of priority technologies in
order to maintain a leading edge in Earth Observation for intelligence, meteorological forecasting and
climatology purposes.70 It also reflects the value of continued international collaboration in exchange of
space-derived data. The DTS identifies priorities within the development, design and payload integration
of small satellites71 and it recognises the requirement for MOD to support the UK and European satellite
manufacture industries, noting that consideration must be given to including aspects of space-related
capability in the 2007–08 Defence research programme.

5. Workingwith industry and academia provides the opportunity for theMOD to pool resources in order
to achieve its space policy objectives. The leverage provided by this approach enables theMOD tomaximise
its use of resource in this increasingly vital sphere.

70 See DTS, Section B2, page 56.
71 See DTS, Section B2, Table 2, page 69.
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Military Space Activity in the UK

6. The important role of access to space and space-enabled systems in the conduct of UK Military
Operations is set out in the Future Air and Space Operational Concept (FASOC). The FASOC describes
how space-based capabilities increasingly influence and dominate every aspect of life, most notably with
regard to communications and data-stream technologies. Recent operations in Iraq have confirmed that a
coherent, structured approach to space capability enhances operational eVectiveness and increases
operational tempo, security and agility. The growth in capacity and use of satellite communications has been
rapid. For example, during Operation DESERT STORM, a force of 542,000 exploited 99 megabits per
second of bandwidth available; however, during Operation IRAQI FREEDOM (OIF) a reduced force of
some 350,000 had 3,200 megabits per second of bandwidth allocated. This allowed unprecedented shared
situational awareness, enabled synchronised engagements, and allowed operational and tactical
commanders to implement sophisticated campaign plans based on lethality, boldness and speed of
manoeuvre. The FASOC is subject to scrutiny in an annual RAF-led war-gaming exercise.

7. The MOD, therefore, seeks freedom of action in space to legally exploit space-based capabilities for
military purposes. The MOD sees space situational awareness as fundamental to any freedom of action in
space. A Recognised Space Picture (RSP) is central to this freedom, and the MOD draws on a range of
sources, including RAF Fylingdales, to compile the RSP.

8. The UK is fortunate in its privileged relationship with the US in the exploitation of space capability.
However, many details of this relationship are classified and can not be discussed in open forum. TheMOD
remains committed to the Global Positioning System (GPS), which is also the NATO standard, to meet all
of our military precision navigation and timing needs.

Partnerships in Defence

9. The MOD makes extensive use of both military and commercial satellite communications. The DIS
sets out how space-based capability is currently being taken forward in the critical C4ISTAR area that is
central to Network Enabled Capability.72 The unique SKYNET 5 Private Finance Initiative will provide
MOD with highly robust satellite communication services delivered over military satellites built largely in
theUK, and it will also allow theUK to oVer these services to our allies. SKYNET5will provideUKArmed
Forces with capacity expected to be about 2.5 times greater than existing system and will use satellite links
provided by commercial operators to supplement military satellites. Satcom will in future be delivered to
users as a complete service. The Service Provider is able to view the business as an end-to-end service because
SKYNET 5 will include the satellites, ground stations, and user terminals. This project provides an example
of the type of partnership envisaged in the DIS.

10. TheMODwill continue to evolve its engagement with Europe, and specifically the European Security
and Defence Policy. In an increasingly unstable world, emerging strategic context work suggests a growing
demand for the products of space-based capabilities. Much of this capability will be provided by existing
space-based assets owned either by the UK, sourced through established partnerships, such as NATO, or
hired from commercial sources. However, where theMOD identifies niche capability gaps, andwhere space-
based assets oVer the most cost eVective solution, we will consider working with other states to achieve the
desired eVect.

The Role of Space within Meteorology and Climate Research

11. The Met OYce is one of the UK’s main users of space data. A major British National Space Centre
(BNSC) Partner, and a member of the UK Space Board (UKSB), the Met OYce is responsible for
approximately 12%73 of the national civil spend on space. It adopts a user-driven approach to space; satellite
capabilities are only developed to fulfil a prioritised set of observational user requirements. Space-based
solutions are exploited when they are the most eYcient way of satisfying high priority requirements or when
there are no viable alternatives.

12. Meteorology is reliant on the sustained provision of data fromMeteorological Satellites. Over the last
few decades operational meteorology has become increasingly dependant on advanced Numerical Weather
Prediction (NWP) models that, in turn, rely on satellite data as a vital input. A major problem for
operational meteorology is to determine the initial state of the atmosphere on the global scale. This is
exceptionally diYcult and costly to do by using only in-situ, ground-based observation aids. Remote sensing
from space is the only cost-eVective way to obtain a truly global perspective in real-time. Noting the
requirement for the UK to operate an independent defence capability and global aviation services, there
will be a continued need for a global reach in our forecast predictions which in turn is reliant on the global
observational coverage provided by meteorological satellites.

13. Evidence of the positive impact from satellite data on the quality of today’s weather forecasts is clear.
Many studies have been carried out that demonstrate the significant impact that satellite data has on NWP,
with the quality of forecasts regressing to that of a decade ago when it is denied. Satellite data is particularly

72 See DIS Executive Summary page 10, paragraph xxxviii, and Section B8, page 107, paragraph B8.19.
73 This is an average figure for the years 1997–98 to 2003–04. Source: UK Space Strategy 2003–06 and beyond, Annex 1.
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important over the data sparse oceanic regions where there is no real ground-based observing capability.
As a result of the growing dominance of the space component within the Global Observing System (GOS),74

ground-based networks, particularly in the Northern Hemisphere, have been modified and reduced in an
eVort to implement an “optimised” total system and reduce the cost (eg decommissioning of weather ships).

14. Localised severe weather events often develop very rapidly (frequently within the timescales between
NWP model runs) and can have a devastating aVect on the local region. Early identification of such events
is vital so that warnings can be issued and appropriate emergency responses triggered. Very short range
forecasting, called “Nowcasting”, relies on the use of a rapid sequence of high-resolution satellite imagery
provided by geostationary meteorological satellites. Examples include:

(a) Early warning to aviation of weather related risks such as the identification of embedded
convection, mountain waves or dust storms.

(b) Prompt identification and tracking of severe storms to facilitate the timely issue of warnings to the
public and emergency planning authorities.

15. TheMet OYce Hadley Centre for Climate Change provides a focus in the UK for the scientific issues
associated with climate change. The majority of funding for this activity is provided by the Department for
Environment, Food and Rural AVairs (DEFRA), which benefits from expert advice to inform policy
decision-making. As meteorological satellite data records approach 30 years in length, this is becoming
increasingly relevant to climate research and forms an important input into research activities carried out by
the Hadley Centre, Academic Institutes and Research Councils such as the Natural Environment Research
Council (NERC). Sea surface temperature, sea-ice cover, atmospheric temperature and humidity,
vegetation and the planet’s radiation balance are key properties that could be delivered by satellite-based
observations. These properties form some of the core underpinning measurements for the monitoring and
modelling of climate. As such, long-term homogeneity must be ensured without financially compromising
the operational requirement for forecasting.

Partnerships in Meteorology and Climatology

16. An international, collaborative approach has been adopted by the UK and other European
Governments who have chosen to delegate responsibility for meeting their shared requirements for data
from meteorological satellites to ESA and European Organisation for the Exploitation of Meteorological
Satellites (EUMETSAT). Member States retain firm control over the definition of the requirements that
these satellites are designed to fulfil and ensure that technical solutions remain aVordable.

17. EUMETSAT is an intergovernmental body mandated to establish and maintain Europe’s system of
meteorological satellites providing operational Earth observations for a current total of 20Member and 10
Co-operating States. Member States fund EUMETSAT on a mandatory basis in proportion to their Gross
National Income, the only exception being the Jason-2 Ocean Surface Topography Mission, which is the
first Optional Programme of EUMETSAT. The Met OYce represents the UK at EUMETSAT and is
responsible for providing delegates for meetings, expert advice within working groups and paying for the
UK subscription, funded through Met OYce Trading Fund agreements (primarily by the MOD).

18. EUMETSAT retains a closeworking relationship withESA,who are responsible for the development
of the first meteorological satellite in each series, from initial definition to pre-launch delivery. ESA are also
responsible for the procurement of the remaining satellites in the series on behalf of EUMETSAT.
EUMETSAT are fully responsible for the overall system, including the launch services, the ground segment
and the operations for the duration of the mission. Industrial return for the space component to the UK is
governed, primarily, through ESA development programmes.

19. EUMETSAThave developed important collaboration agreements with theUSNationalOceanic and
Atmospheric Administration (NOAA). These agreements cover operational backup arrangements, data
access and collaboration on satellite development activities. EUMETSAT launched their first Low Earth
Orbiting satellite, MetOp, in autumn 2006 as part of these agreements, which may evolve to encompass
further partners under the Group on Earth Observations (GEO).75

20. Recognising that weather and climate know no national boundaries, the Met OYce regards global
coordination as vital to ensuring that the Global Observing System (GOS) fulfils our requirements in the
most cost eVective manner. The Met OYce actively participates within the World Meteorological
Organisation (WMO) to develop both the high level definition and set objectives for the evolution of the
GOS and the Global Climate Observing System (GCOS).76

74 Global Observing System; the global meteorological observing network collectively operated by National Meteorological
Services, national or internsational satellite agencies and coordinated by WMO.

75 Group on Earth Observations (GEO): an inter-governmental group, of which the UK is a Member, leading a global eVort to
build a Global Earth Observation System of Systems (GEOSS) over the next 10 years which will build upon existing systems
to provide a comprehensive, coordinated Earth observing network.

76 Global Climate Observing System; the global climate observing network collectively operated by National Meteorological
Services, national or international satellite agencies and coordinated by WMO.
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21. The importance of exploiting existing satellite capabilities within other international initiatives,
particularly Global Monitoring for Environment and Security (GMES)77 and GEO, is strongly recognised
by the Met OYce. DEFRA are designated as the lead Department for both GMES and GEO, but
recognizing the relatively mature nature of international collaboration within the field of meteorology, the
Met OYce currently provides the UKGEO Principal, who acts as the lead delegate at non-Ministerial level
meetings, and the national GEO Co-ordination role.

22. The Met OYce, through BNSC and EUMETSAT, also encourages eVective global coordination
within the Committee on Earth Observation Satellites (CEOS)78 and, more specifically, the Co-ordination
Group for Meteorological Satellites (CGMS)79 which provide forums for the exchange of information on
geostationary and polar orbiting meteorological satellite systems.

Research

23. Turning to research, the DIS set out broad principles for improving overall Defence capability
acquisition and through life management that have particular resonance with the “space sector”. In
particular, the DIS recognises that MOD must improve the coherency of its joint long-term capability
planning and that, inter alia, this requires it to promote innovation in science and technology by focusing
on R&D, procurement and support priorities in order to achieve coherent spending in these fields.80 The
resultant review of the MOD approach to R&D is set out in the DTS. The DTS contains specific references
to space-based capabilities and associated technologies, recognising that they represent key areas for future
capability. particularly in respect of communications, Earth observation and the development of small
satellites.

24. In general terms, the MOD invests in space science and technology to ensure that the Department
retains an intelligent customer status, understands the opportunities presented and is seen as a credible
collaborative partner. Commercial and civil space-based services and sources are exploited, when
appropriate, to meet Defence needs. Access to common R&D in the form of dual-use technologies, capable
of delivering militarily useful capability, are harnessed by the MOD maintaining its close links and
partnership with BNSC. The identification of priority technology areas within the DTS enables the MOD
to focus its interest in space-related capability research tomeet specific needs over time. This will be achieved
by exposing requirements earlier and through engaging UK industry and academia in international
collaborations.

25. In terms of current space-related research, the MOD is primarily focused on the delivery of future
ISTAR and satellite-based communications capability, and the development of Precision Navigation and
Timing (PNT) capability through exploitation of programmes such as the Global Positioning System.
Within the ISTAR domain the principal exploitation route for space research is in a potential contribution
to a Deep and Persistent surveillance capability which is planned for procurement through Project
DABINETT. This exploitation route has been the focus of most MOD sponsored space research in recent
years, which has covered the following areas:

(a) Demonstration of a small satellite (TOPSAT) carrying an electro-optical payload. TOPSAT has
been a particularly successful programme.Working collaboratively with BNSC,MODhas gained
invaluable insight into the military utility of low cost small satellites and key design issues,
identifying the critical design technologies and the component specifications necessary to deliver
a robust capability. Again, this progressive partnership foreshadowed the approach envisaged in
theDIS and is a prime example of the benefits that can be achieved through collaborative working.

(b) Modelling of constellations to provide a space-based ground moving target detection capability.

(c) Maritime wide-area surveillance from space.

(d) Missile warning.

(e) Development of novel space-based surveillance techniques.

(f) Exploitation of space-based sources, in which we collaborate extensively with a number of
international partners.

26. In addition to its research programmes, theMODmaintains wider involvement in international space
activities through participation in a number of forums which include the EDA CapTech Experts Group on
Space Systems and Technologies, the NATO Space Science and Technology Advisory Group and the US
Schriever Wargames.

77 Global Monitoring for Environment and Security: a joint initiative of European Commission and European Space Agency.
78 The Committee on Earth Observation Satellites (CEOS) is an international coordinating mechanism charged with
coordinating international civil space borne missions designed to observe and study planet Earth.

79 CGMS concerns itself with the coordination of a wide ranging list of operational aspects of the systems and has helped to
ensure that key facilities are standardised across the entire global system.

80 DIS Section C1, pages 131–140.
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27. The MOD’s future plans for space research concentrate on a number of areas:

(a) Development of small satellite technologies81—principally in small, lightweight, low power
consumption payloads and their integration into the satellite.

(b) Exploitation of space-based sources, including the key linkage with environmental modelling.82

(c) Maintenance of a UK understanding of space science, including orbitology and the impact of
space weather.83

(d) The requirement for robust, secure telemetry, tracking, control, dynamic bandwidth allocation
and high bandwidth optical links in the area of satellite communications.84

28. Looking further ahead, MOD would welcome the opportunity to contribute to debates on the need
for an indigenousUK space launch capability, issues associated with space control and further development
and integration of the RSP.

29. Turning to theMet OYce, it plays a very active role in the development of facilities to exploit satellite
data for both operational forecasting and climate research, primarily through itsMeteorological and Ocean
Research and Development Programme and its Climate Prediction Programme.

30. An example of a leading role adopted by the Met OYce is the EUMETSAT Satellite Application
Facility for Numerical Weather Prediction (NWP SAF). This EUMETSAT funded activity exists to co-
ordinate research and development eVorts among the SAF partners to improve the interface between
satellite data and NWP for the benefit of EUMETSAT Member States. The NWP SAF is led by the Met
OYce.

31. The Met OYce makes eVorts to promote the involvement of the wider UK research community, for
example calls for proposals for EUMETSAT research fellowships and similar opportunities are brought to
the attention of NERC who circulate them more widely to the UK research community.

Benefits Derived from Meteorological Satellites

32. A number of studies have been undertaken to assess the benefits derived from meteorological
satellites such as those operated by EUMETSAT. The conclusions have been broadly consistent; one such
example being the DTI Evaluation of Funding for UK Civil Space Activity, when considering the services
provided by the Met OYce it concluded that “the economic value of the services which space data enable is
(at least) several times the cost of the activities”.

Challenges within Meteorology and Climate Research

33. The majority of improvements in forecasting accuracy using satellites have come from using data
obtained by instruments that detect very faint natural emissions from atmospheric constituents. These
emissions occur at specific, fixed radio frequencies which so far have been absolutely protected from both
intentional and unintentional active emissions under international radio regulations. However, there is
increasing pressure from other users who wish to actively transmit at these frequencies and for the limits on
unintentional emissions to be relaxed. The impact of this interference on the forecasts and the public could
be very serious, leading to loss of data and to undetectable corruption of numerical model input data.
Considerable eVort is being expended by the Met OYce in repeatedly defending the parts of the radio
spectrum that are essential to the meteorological services. Harmful interference at protected frequencies is
already being detected. Continual vigilance is essential as once frequencies are lost because of active use it
is very unlikely that they can be regained for remote sensing for weather and climate monitoring.

34. Noting the need to avoid unnecessary duplication of eVort, and recognising the benefit of fully
exploiting European facilities, the Met OYce will encourage the development of a Framework Agreement
between EUMETSAT and the European Commission to facilitate EUMETSAT involvement within
important initiatives, such as GMES, provided candidate activities are consistent with the EUMETSAT
Convention and have identified funding.

35. If we are tomeet the increasingly challenging requirements set for the evolution of theGlobal Climate
Observing System (GCOS), resource implications will require careful consideration. The approach taken to
date to meet important GCOS requirements by exploiting opportunities arising from operational
meteorological missions, will no longer be adequate. We must seek to identify new sources of funding for

81 See DTS, Section C2, page 159, bullet 4.
82 See DTS, Section B2, pages 56 and 57.
83 For example, to maintain MOD’s understanding of the vulnerability of space-based equipment (such as SKYNET) and
therefore to ensure continued service provision.

84 See DTS, Section B3, page 71 Table 4.
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climate missions to safeguard the established funding mechanisms for operational meteorology. GMES, for
example, might oVer one such solution. However, at this stage we identify a lack of focus on climate
monitoringwithin this initiative. TheMetOYce supports the user-driven approach towardsGMESadopted
by DEFRA (on behalf of the UK) and supports the concept that climate monitoring requirements should
feature strongly.

November 2006

Memorandum 77

Submission from Dr Stuart Eves

1. This is an independent, personal submission to the Committee from Dr Stuart Eves, currently with
Surrey Satellite Technology Limited (SSTL), but previously employed for 16 years by UK MOD. This
submission is the result of a personal invitation to provide the Committee with observations on military
space policy. Hence, it will not reiterate points made on behalf of SSTL by Professor Sir Martin Sweeting,
but rather will concentrate on some additional policy areas that are considered important from a specifically
military perspective.

2. Military Space Alliances: For an extended period, UK military space policy has been dominated by
our strategic relationship with the US. Whilst this has provided undoubted advantages, it has also created
a significant degree of dependence, particularly in areas such as surveillance and navigation. By contrast,
civil space policy has specified that theUKshould participate in space activities through theEuropean Space
Agency, (ESA). This has created a less-than-helpful division in UK space activities, which has only been
bridged on rare occasions, (eg the TopSat satellite, a surveillancemission which was jointly funded byMOD
and BNSC).

3. Although previously a wholly civil agency, ESA is taking an increasingly military stance; (the
“Security” element of the Global Monitoring for Environment and Security (GMES) programme appears
almost intentionally ill-defined to allow military applications). It is inevitable that there will be distinct
military utility inherent in the data gathered by the GMES surveillance assets. For this reason, MOD needs
to remain cognisant of the development of these satellites, and take an active role in directing the “civil”
space funding from the UK that will potentially be applied to these programmes through the BNSC.

4. Given a desire to participate in bothUS andEuropeanmilitary programmes in the future, the strongest
and most cost eVective policy for the UK is the funding of national satellite missions; thereby creating
capabilities which can be shared with allies on both sides of the Atlantic as appropriate. This approach
would simultaneously decrease the current level of dependence on allies and at the same time maximise the
political options open to the UK Government. Data from a national surveillance asset, for example, could
be shared with both the US and our European allies, gaining double credit for the investment made.

5. The Use of Space in Military Operations: The importance of space to military operations is now very
significant, and continues to grow. Long-range communications, navigation, and meteorology are heavily
dependent on satellite systems, and much of the surveillance data covering “denied” regions of the globe is
also collected by satellites. These application areas are addressed separately in the paragraphs below.

6. The UK has maintained a national capability in satellite communications through the Skynet satellite
system. These satellites provide the secure command and control capability that the UK requires, but the
capacity of the satellites has been insuYcient to meet the increasing demands for bandwidth that modern
warfare generates, (with the result that in recent conflicts a significant proportion of UKmilitary traYc has
been carried by unhardened civil communication satellites). In the Skynet 5 era, the capacity demands are
expected to increase still faster, and will extend to lower levels of command as Network Enabled Capability
is implemented. Hence, future policy needs to ensure that satellite communications capacity increases faster
so that these enhanced requirements can be met.

7. In order to minimise collateral damage and politically unacceptable casualties, (on both sides of the
conflict), increasing reliance is now being placed upon long-range precision-guided munitions. These
weapons are reliant on satellite navigation to find their targets, and currently, the US’s Global Positioning
System (GPS) is a wholly necessary component of UK war-fighting capability. In view of this over-reliance
on a US system which has been shown to be vulnerable to radio-frequency jamming, a robust UK position
within the European Galileo navigation programme, which could oVer an alternative to GPS, seems a
prudent course.

8. In order to ensure the provision ofmeteorological data, theUKhasmade contributions to theMETOP
programme. Whilst this is a very capable satellite, providing important information on environmental
factors such as wind speed and direction, the limited size of the constellation, (three satellites in low Earth
orbit are planned), means that the timeliness of the data will struggle to keep pace with the future tempo of
military operations. Policy should thus aim at greater timeliness of meteorological data provision.
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9. This increased tempo of military operations is of even greater import in the realm of surveillance.
Existing assets are optimised for strategic applications, with excellent spatial resolution, but very poor area
coverage rates. By contrast, tactical and operational surveillance emphasises the need to provide timely
information over a commander’s area of intelligence interest, and it is only with recent missions such as
TopSat that MOD have started to appreciate the potential value of constellations of small satellites.

10. Constellations of aVordable satellite assets can provide not only optical surveillance, but also active
radar sensing and SIGINT information, both of which are available day and night, and in all weather
conditions, further enhancing the responsiveness and freshness of the information that they deliver to the
warfighter. Future policy should ensure that suYcient investment in this area is made to provide the UK
with a robust, independent capability that can contribute to international collaborations.

11. Current MOD Space Policy: The recent review of MOD Space Policy, (and other recent MOD
documentation, including the Future Air and Space Operational Concept; the Defence Industrial Strategy;
and the Defence Technology Strategy), appears to recognise the fact that space has become the new “High
Ground” in military aVairs. Small satellites are identified as key technologies, and this is an extremely
positive development.

12. There are, however, some key technologies that the UK needs to address more robustly if it is make
full use of the potential that space oVers. One is the capability to provide military planners with “Space
Situation Awareness” (SSA); essentially a “Recognised Space Picture” that characterises the current order
of battle in the space environment. Existing capabilities to perform SSA have been allowed to atrophy, and
this situation urgently needs to be reversed. It is essentially impossible to operate eVectively in the space
environment without SSA, and hence this should become a key policy goal.

13. Future policy should also address the issue of access to space. TheUKwas the third nationworldwide
to launch its own satellite, but the Black Arrow programme was cancelled in the early 1970’s, and the UK
has been reliant on foreign launch capabilities since that time. Some capability could perhaps be provided
in the short term by utilising the UK’s Trident missiles, (with the addition of a further propulsion stage),
but if the UK is to participate eVectively in the “Responsive Space” future which the US envisages, an
indigenous launch capability would make a huge diVerence.
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Submission from Professor Shaun Quegan, University of SheYeld

Summary

1. The investment by NERC in Earth Observation Centres of Excellence has allowed the UK to produce
world-leading science inside a flexible framework that allows NERC to respond to changed priorities.

2. ESA provides the route by which most UK scientists are best able to define and execute space missions
meeting their goals.

3. The NERC Earth Observation programme has been well-supported and allowed good ideas from
researchers with drive to be translated into very eVective research programmes.

4. The links between academia and government agencies as regards use of space data are generally not
well developed, largely through the failure to identify mutually attractive aims. A similar comment applies
to inter-agency links on use of space.

Who I am

I am the Director of the NERC Centre for Terrestrial Carbon Dynamics (CTCD), one of six Centres of
Excellence in Earth Observation (EO) set up by NERC in the last five years. Previously I directed the
SheYeld Centre for Earth Observation Science, and prior to that I ran the Remote Sensing Applications
Group at Marconi Research Centre, Great Baddow. Currently I am a member of ESA’s Earth Science
Advisory Committee andNERC’s Earth Observation Expert Group (and its replacement, the EODirectors
Advisory Board). I’m also an invited member of the Terrestrial Observations Panel on Climate and the
Japanese Space Agency Kyoto and Carbon Advisory Group. From 2001–03, I was a member of the BNSC
Earth Observation Programme Board.
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Facts and Observations

1. The investment by NERC in Earth Observation Centres of Excellence has allowed the UK to produce
world-leading science (as evidenced by the 2005 Science Management Audit of the EO sector conducted by
an international review body) inside a flexible framework that allows NERC to respond to changed
priorities. The funding of Centres on renewable five-year contracts (though with an expectation of renewal)
allows such a response. It also means that Centre staV have to stay hungry if the funding is to continue, as
any weak parts of the Centre programme should be terminated. A further attractive feature of the Centre
approach is that it oVers the possibility of extended research funding for the brightest Research Assistants
and PhDs. Finally, the Centres produce a continual stream of well-trained, skilled researchers across a wide
range of disciplines (the latter because the Centres are typically multi-disciplinary). In my experience, most
of these people remain within the scientific sector (though not necessarily space-related).

2. ESA provides the route by which most UK scientists are best able to define and execute space missions
meeting their goals. The UK provides the lead scientist on the Cryosat mission (Duncan Wingham); in the
six missions currently being reviewed for the next Core mission, the UK provides lead proposers on two
(BIOMASS and PREMIER, respectively rated as numbers 1 and 3 in the initial assessment). However, the
success of Surrey Satellite Technology Ltd (SSTL) indicates that there are other ways for the UK to provide
leadership in the exploitation of space.

3. Knowledge transfer is part of the mission of the Centres. The existing Centres are not involved in
hardware but in modelling and data exploitation, so that the knowledge being transferred is normally in
terms of software (for example, CTCDhasmade generally available an innovative tool to allow very eYcient
analysis of the behaviour of complex environmental models, with supporting courses and good take-up).
The need for new instruments to meet the science needs of the NERC EO programme is, however, a driver
for new technology. A current issue is whether the UK is well-placed to translate these science needs into
instruments accepted by the space agencies, in the face of international competition.

4. AlthoughUniversity research using space can deliver information of societal benefit, such as indicators
of environmental health, the link of this work into the missions of agencies such as DEFRA or the EA is
generally poorly developed. In my opinion, most of all this reflects a failure to define common aims that
meet the agendas of both types of organisation, rather than the lack of anymeans of delivering on such aims.
This further reflects a number of factors: cultural diVerences between the agencies and academia, generality
vs the specific regional concerns of the UK, and the diYculty of translating academic research into the
operational mode often needed by the agencies. The last of these points is perhaps the most telling.

5. The NERC Earth Observation programme has been well-supported and allowed good ideas from
researchers with drive to be translated into very eVective research programmes.Many of these help to deliver
public benefit through access to environmental information of various kinds. The take-up by Government
departments is patchy, for reasons set out in point 4.

6. Currently NERC is reorganising its EO sector. It is expected that there will be significant emphasis on
defining areas of common interest between the remit of NERC and those of the various Government
agencies, and to specify joint aims for he EO programme. The delivery mechanism to meet these aims will
need to be defined.

7. The ability to make best use of space data is hindered by the diYculty or expense of access to other
datasets, some of it gathered with taxpayers’ money. An example is access to soil data for the UK; this
absorbed large amounts of time and frustration in CTCD before we arrived at a workable solution.

8. My perception of the workings of the EO Programme Board of the BNSC (on which I served from
2001–03) was that it provided little deep analysis of how to maximise the return from space, as vested
interests hindered hard discussion of weaknesses.

9. The agencies themselves hold significant stocks of (typically airborne) data that would be of great value
in helping to develop and evaluate the use of space data. This resource appears to be scattered across
organisations and projects, and the UK would benefit from a more coherent treatment of these data. In
general, the UK would benefit from better communication between the agencies and clearer definition of
common aims or aspirations for space data that could be translated into relevant research programmes or
needs for knowledge transfer from the university sector.

Recommendations

1. The Centre-based approach used byNERC to develop the exploitation of space data in environmental
science provides a focused, cost-eVective and very successful approach that should be continued, and could
perhaps be extended to other sectors.

2. ESA is likely to remain the main organisation through which the space data needs of the UK can be
translated into missions. Influence on what these missions are arises primarily from cogent, coherent ideas
about what is needed translated into good proposals. The UK needs to ensure that its science base is strong
enough to continue generate such ideas.We also need a coherent assessment of the current and future needs
of government agencies, married to the science and delivery approaches, so that clear UK messages can be
delivered to ESA (and increasingly to the EU if we are to have any influence on the GMES programme).
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3. Methods to identify commonalities in agency information needs and aspirations, and those of
academia, that can be translated into mutually beneficial aims and knowledge transfer activities should be
developed. This is likely to require a range of approaches.
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Memorandum 79

Submission from Dr David Tsiklauri, University of Salford

1. The Impact of Current Levels of Investment on Space-Related Activities on the UK’s
International Competitiveness in this Sector

Total UK public sector expenditure on civil space is low relative to the US and some other European
countries (Figure 2 from Ref. [1]). In 2004 national civil space budget as the percentage of GDP was about
10 times less than in egUS,Russia or France. This is manly due to the lack of necessary space launch facilities
and technology infrastructure. Since the start of space era, UKhas been relying onEuropean andUSpartners
for launching its civil space satellites. In that,UK’s “partnership” approach to space exploration diVers from
the ones adopted in countries such as US, Russia and France. The latter have autonomous space
programmes, but also participate in collaborative partnerships. The absence of space vehicle launching
capability and necessary technology in UK’s space programme significantly reduces our country’s
competitiveness in the global market. As an academic, I can see a direct link of a serous problem of the lack
of popularity of the science-related subjects amongst A-levels student population with the virtual absence
of an autonomous space programme. This problem directly feeds into the lack of well-trained science
graduates. On short timescale, this problem can be oVset by the influx of science graduates from overseas
(mainly Europe). However, long-term solution necessarily needs to involve rising science education’s profile
nationally. The best way of achieving this would be investing more into the space programme, which has its
own space vehicle launching capability, necessary technology base and infrastructure. In addition to the
benefits of rectifying the above-mentioned problem, such investment will create science and technology-
intensive jobs in the UK as opposed to contracting them out to our partners. In such approach, in addition
to the government funds, co-investment from well-developed UK space industry should be sought and
encouraged. It needs to be recognised that a self-contained, autonomous space programme will also lead to
the advances in technology from related fields such as new materials, which is of paramount importance for
UK’s competitiveness in the global market.

In addition, space technology often finds applications in diVerent fields, beneficial to society, such as
inland security. A good example of the latter is T-ray technology that has been successfully implemented in
airport security andmedical imaging [2]. At the same time, it is necessary to continue participation in current
and future join ventures with ESA and NASA to maintain competitiveness and have access to the new
technology developed by our space partners.

2. Support for Space-related Research and the UK Skills Base

UK’s space exploration and astronomy is funded and managed by the Particle Physics and Astronomy
Research Council (PPARC). According to Ref [3], in 2003–04 Solar System research has received 5.1% of
total PPARC’s budget. This level of funding seems to be too small, given the fact that this is the main source
of financial support for UK’s space-related research. Ref [4] gives a well-balanced and adequate description
of the current and, importantly, future research in this field. It also recognises main challenges and proposes
strategies to achieve the best possible outcomes. Thus, in order to be able meet current commitments and
increase the above percentage of 5.1, more funds need to be made available for PPARC.

Understanding of physical processes in the solar atmosphere is of paramount importance both from a
fundamental point of view because solar plasma is one of the best accessible plasma laboratories in space
due to its close proximity; as well as from the applied point of view because physical phenomena like solar
flares and coronal mass ejections aVect our daily lives. Globally, about one satellite per year is lost due to
these violent events. These phenomena are studied in the newly emerging field of space weather. The latter
term refers to the conditions of space plasma and solar wind in the interplanetary space. In the US, the
agency that oversees space weather is NOAA. It classifies hazards posed by the space weather in several
categories. To signify importance of the space weather below the extreme examples are quoted fromRef [5]:
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(i) NOAA Space Weather Scale for Geomagnetic Storms

Scale G5 Extreme:

Power systems: widespread voltage control problems and protective system problems can occur; some
grid systems may experience complete collapse or blackouts. Transformers may experience damage.

Spacecraft operations: may experience extensive surface charging, problems with orientation, uplink/
downlink and tracking satellites.

Other systems: pipeline currents can reach hundreds of amps,HF (high frequency) radio propagationmay
be impossible in many areas for one to two days, satellite navigation may be degraded for days, low-
frequency radio navigation can be out for hours, and aurora has been seen as low as Florida and southern
Texas (typically 40) geomagnetic latitude).

Physical measure: Kp % 9.

Number of storm events per 11 year cycle: 4 per cycle.

Number of storm days: 4 days per cycle.

(ii) NOAA Space Weather Scale for Solar Radiation Storms

Scale S5 Extreme:

Biological: unavoidable high radiation hazard to astronauts on EVA (extra-vehicular activity); high
radiation exposure to passengers and crew in commercial jets at high latitudes (approximately 100 chest
x-rays) is possible.

Satellite operations: satellites may be rendered useless, memory impacts can cause loss of control, may
cause serious noise in image data, star-trackers may be unable to locate sources; permanent damage to solar
panels possible.

Other systems: complete blackout of HF (high frequency) communications possible through the polar
regions, and position errors make navigation operations extremely diYcult.

Flux level of % 10 MeV particles (ions): 105s-1-1-2pa Number of events: less than one per 11 year cycle

(iii) NOAA Space Weather Scale for Radio Blackouts

Scale R5 Extreme:

HFRadio: Complete HF (high frequency) radio blackout on the entire sunlit side of the Earth lasting for
a number of hours. This results in no HF radio contact with mariners and en route aviators in this sector.

Navigation: Low-frequency navigation signals used by maritime and general aviation systems experience
outages on the sunlit side of the Earth for many hours, causing loss in positioning. Increased satellite
navigation errors in positioning for several hours on the sunlit side of Earth, which may spread into the
night side.

Flux, measured in the 0.1-0.8 nm range: 2 x 10-3 in W•m-2.

Number of events: less than 1 per 11 year cycle.

The better understanding of solar and space plasmas is very important because, only solar physics
fundamental research can answer questions such as, what triggers the above-mentioned violent space
phenomena; how they propagate in space on the collision course to Earth and what can be done tominimize
the impact.

In this field, UK plays a leading role in Europe and worldwide through its network of PPARC funded
theoretical / modelling groups spread across major universities as well as experimental sites such as MSSL
and CCLRC in Oxfordshire. Two recent space missions led by Japan and NASA will soon provide large
quantities of the observational data that needs interpreting and analysing. In addition, new, more advanced
than existing, numerical codes need to be developed in order to provide a solid theoretical/modelling base
for the analysis and interpretation of the new observational data. This can secureUK’s future key role in this
field internationally. In order to achieve the best possible outcomes, PPARC’s budget needs to be increased,
including the faction invested into Solar System research within the research council.
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In addition to the above-mentioned benefits, the space plasma research has a considerable value from the
point of view of fundamental plasma physics. In particular, better understanding space plasmas will be
beneficial for advancing our knowledge of thermonuclear fusion research. With the recent £10 billion ITER
initiative, (international agreement for which is due to be signed on 21November 2006 in Paris), the increase
of investment in the space plasma research cannot be timelier. Thus, there is a clear indication of socio-
economical impact of the space and solar plasma research, which calls for the increase in funding for
PPARC.
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Submission from the British Antarctic Survey

1. European Security

1.1 Space weather

SpaceWeather is a recognised term that refers to conditions on the Sun and the Earth that adversely aVect
technological systems. For example, solar eruptions can emit energetic charged particles and cause large
scale disruptions to the Earth’s magnetic field which cause damage and loss of satellites on orbit, increased
radiation dose to aircrew and malfunctions in aircraft systems, disruption to navigation signals, radio
communications, power generation and power lines, and other eVects (see Figure).

The UK has a considerable financial interest in the systems aVected. For example, a modern
telecommunications satellite costs about $200 million to build, about $100 million to launch into
geostationary orbit and insurance rates are between 3% and 5% each year. There are more than 300 satellites
in geostationary orbit alone. More than half all space insurance is done through London, and the UK has
major satellite construction and service (operator) industries.

The benefits of a space weather programme are extremely diYcult to quantify since loss estimates from
companies are not available due to the possibility of losing a large contract in the future. However, other
countries consider the problem suYciently important to fund their own space weather centres to support
commercial and defence interests. For example, the USA funds a Space Environment Centre, which
conducts research, makes predictions and issues warnings and advice on space weather events. The US Air
Force also funds it own centre. More widely, Japan, France, Russia, Canada and even countries such as
Poland have a national space weather centre.
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The UK has no national space weather programme or policies. It has considerable relevant scientific
research expertise, which is mainly funded through the Particle Physics and Astronomy Research Council
(PPARC). The Natural Environment Research Council (NERC) has decided not to fund space weather,
even as a hazard, within its new strategy.Within the ESA space weather falls between the science programme
and application programmes, and therefore receives very little funding or support. The EU does not support
space weather.

We ask the committee to:

— Consider the UK commercial and defence interests at stake;

— Recognise that considerable scientific expertise exists in the UK, but future funding is uncertain;

— Consider whether a UK national space weather programme or centre is desirable to provide
funding of research into applications.

1.2 Nuclear detonations in space

New research shows that if a nuclear weapon were detonated in space today energetic particles from the
explosion would destroy all satellites in low earth orbit within a period of one to two months. Defence,
remote sensing and telecommunications satellites would be most aVected. The harmful particle radiation
would remain trapped in the Earth’s magnetic field for years and reduce the lifetime of GPS and
communications satellites in higher orbits. It is not clear when new satellites could be launched again into
low earth orbit. The growing possibility of a terrorist nuclear state and local nuclear conflict make
evaluation important.

The US Air Force and Navy are funding research on methods to remove the harmful radiation by
transmitting various types of radio waves. This would protect satellites on orbit after an event, and enable
new satellites to be launched. The UK has considerable expertises across the Universities, Research Council
Institutes, and Defence industry which could be pulled together to determine ways of removing the
radiation. However, in theUK the problem has not been clearly identified, nor a need expressed for research
in this area.

We ask the committee to:

— Recognise the scale of damage that could be caused to defence and commercial satellites after a
nuclear explosion in space;

— Note that this risk has risen, as more countries acquire nuclear capability and the growing
possibility of a nuclear terrorist state;

— That eVective measures to remove radiation after an explosion in space are possible, but require
research that crosses the both Defence and Research Council remits;
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— Consider whether the UK should lead a research programme in this area, and how it may be best
organised, for example, nationally and or as an EU/ESA security initiative of the GMES
programme.

2. UK Strategic Issues

2.1 UK leadership in space

The UK has a tradition of leadership in certain sectors of the space industry but is facing a growing
challenge from other nations which are investing heavily in space and space technology. As the development
time for major ESAmissions becomes longer and longer, it is diYcult to maintain the capacity of the science
and technology base.

We ask the committee to

— Consider the visibility and success of BNSC;

— Consider how BNSC or a new space agency may take a stronger leadership role;

— Consider ways of maintaining the space technology capacity eg through more bilateral missions
and/or UK micro-satellite opportunities.

2.2 Climate change and Research Council funding

There is increasing evidence that the particles and magnetic fields ejected from the Sun (the solar wind)
have a significant influence on the climate system. This has been identified as one of the largest unknown
causes of climate change in the most recent Inter Governmental Panel on Climate Change report. This
science transcends the remit of the Natural Environment Research Council and the Particle Physics and
Astronomy Research Council (soon to be become the Science and Technology Facilities Council) but
cooperation between the Research Councils has been very limited and has impeded research.

Cross-research council and interdisciplinary science have been recognised as key issues in the
Government’s Next Steps and acknowledgement of the issues but practical steps to address the problems
appear some way oV.

We ask the committee to:

— Recognise that there are significant impediments to progress in cross-research council working,
space being an excellent illustration;

— Consider using space as an exemplar to improve cross-council delivery.
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Submission from Inmarsat

On behalf of Inmarsat, I would like to thank you for extending the opportunity to us to provide a written
submission to your inquiry into Space Policy. The Inquiry comes at an important time for the satellite
industry, currently one of the country’s “hidden treasures”.

Our submission comes from the perspective of a telecommunications operator, who designs, commissions
and operates a fleet of satellites that provide global services fromour London base.We are the leading global
operator of mobile satellite services, with a particular commitment to providing lifeline services to the
maritime community and to emergency services and relief agencies worldwide.

For Inmarsat, Government is both a customer and a partner. As a customer, Government departments
such as DfT, DfID and MoD use our airtime for various projects; as a partner, Government’s investment
in ESA and the resulting flow of R&D contracts to the UK space industry has been instrumental in our
ability to maintain a competitive edge on the competition from the US, Europe and Asia. The importance
of the mitigation of technological risk to a company operating in a highly competitive environment cannot
be stressed too strongly.

We have in the UK a valuable mix of expertise at the leading edge of technology, in all aspects of the
satellite industry, from design to operation, from R&D to provision of innovative, value-added services.
Inmarsat will do its part to keep it that way and looks to Government to continue to play its part in
maintaining a vibrantly healthy high-tech industry.
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Executive Summary

1. Satellite services are a major enabler for Government to meet many of its strategic objectives in terms
of global competitiveness, wealth creation and social benefit, whilst contributing to our understanding of
the Earth’s environmental challenges.

2. The UK has a vibrant space industry, with considerable expertise—and in some cases global
leadership—in design and building of satellites. In Inmarsat it also has the leading global operator of mobile
services via satellite, with a fleet of 10 satellites managed from its London headquarters. Further
downstream, a number of innovative companies provide specialised applications and services, many of
which support to the Government’s agenda for climate change monitoring and for security.

3. The industry’s competitiveness depends in large measure on maintaining this mix of academic and
industrial research and innovation, operations and service provision. With no national space agency or
programme, the industry is largely dependent on participation in ESA and EU programmes to maintain its
leading edge. It is essential that Government continue to play its part fully in co-funding with industry those
programmes that will enhance our current position.

4. Government should also recognise the importance of Space Studies in motivating children to take up
science subjects—essential for the country’s future competitiveness and for maintaining for the future the
knowledge base that underpins the excellence of our space industry.

Introduction

5. Inmarsat is the world’s leading provider of global mobile satellite communications services and has
been so for over 27 years. The company is committed to innovation and has a long track record of
introducing new technologies that redefine the standard to the industry. Its fleet of 10 satellites are controlled
from the company’s head oYce in London. Inmarsat’s turnover in 2005 was $491.1 million, most of which
was generated outside the UK; the company accounts in US$ too reflect this. Most of the 390 employees
are however based in the UK.

6. The company is a major purchaser of advanced satellites, which it also helps to design and develop;
that it does so with mostly UK-based companies is a tribute to the excellence of UK industry in this field.
The company invested $1.6 billion on the recent Inmarsat 4 satellite programme, the majority of which was
spent with UK-based companies. The type of satellites that form the backbone of Inmarsat’s network
function from 36,000 kilometres in space and cannot be physically serviced should they malfunction. So it
is absolutely critical that the technology they use should be both leading edge and, as importantly, robust
enough to withstand the rigours of being launched and reliable in operation, as they are expected to last for
at least 10 years. This barely compatible combination requires suppliers to join technical skills of the highest
order to excellence in innovation and execution.We are fortunate to have in the UK several companies who
meet these very high standards and with whomwe have forged a close technical collaboration over the years.
The importance of this cannot be underestimated in the pursuit of the technological excellence we need to
keep ahead of the competition.

7. However, the innovative edge of the UK space industry comes not only from such collaboration, but
also fromwork contracted toUKcompanies byESAas a result ofUKparticipation in theESAprogrammes
and it is essential that Government continue to fund them. Fortunately, they do lead to significant economic
benefits to the country. As an example of this, the company is currently investigating an opportunity (project
name Alphasat) to use an ESA -developed satellite platform, known as Alphabus, to provide the next
generation of services from 2010 onwards. It is also an opportunity for Astrium to develop its next
generation satellite payload technology, gain early in-orbit heritage and increase the prospect of selling
similar technology worldwide.

8. ESA is oVering European operators the opportunity to fly a payload of their choice on the platform,
in which they have invested over ƒ100 million (x£70 million); it is therefore free to the successful operator.
However, for Inmarsat to be eligible for selection for Alphasat, it is mandatory under ESA rules that
£35 million of UK public money be injected into the programme (over a four year period). Failure to do so
will lead to the opportunity being taken up by other ESA contributors and the development and
manufacture, as well as the operation of the satellite, being lost to the UK. Some £5 million of this figure
has already been committed through ARTES funding for 2006.

9. The £35million of publicmoney invested in this ESA programmewould generate an immediate benefit
of ƒ100 million (x£70 million) from the free Alphabus platform. This would in turn give Inmarsat the
commercial incentive to make a further investment of around £230 million in building the satellite—and
possibly follow-on satellites in due course. Most of this money would flow directly through to UK-based
companies, generating revenue streams that will benefit several UK regions, providing continuing
employment and helping to maintain the UK’s competitive edge in this high-tech industry. During the
development andmanufacturing phase, it could create or secure over 600 very skilled jobs in Astrium alone,
excluding any spin oV contracts.
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10. Once operational, the satellite(s) will stimulate new applications and generate further revenues to the
benefit of the UK. Operational revenues flow into London and subsequently into the surrounding regions.
New services and applications will benefit both private and public sectors in the UK, in particular in the
areas of homeland security, civil protection, emergency services support, inshore and coastguard
communications, whilst many applications will have export potential and also be of benefit to developing
countries.

11. Traditionally, investments by Government in ESA programmes have generated seven-fold returns to
the UK economy on the original investment (source : BNSC). In this instance, given the additional benefit
of access to the free Alphasat platform, this return on investment may be expected to be even higher.

12. Inmarsat’s operations are directed from its London headquarters. The expertise developed there was
instrumental in persuading the various Galileo Concessionaire partners to locate their Operations company
in London under Inmarsat leadership. Again, this decision was facilitated by Government’s willingness to
maintain a leading investment stake in the overall Galileo project.

13. Whilst Inmarsat does not sell services directly to end-customers, preferring to do this via its network
of service providers, the company does develop the technological platform that supports the innovative
services that form the basis of the Inmarsat oVering, to land,maritime and aeronautical markets. The service
providers in turn develop their own value-added customer- or sector-specific oVerings, tailored to the
markets they serve.Many of these applications not onlymeet commercial needs, but also serve public service
or humanitarian goals.

14. Inmarsat itself provides the infrastructure for the Global Maritime Distress and Safety Service that
has helped save many lives at sea and will continue to do so. The company has worked also with service
providers and national governments in the provision of services to remote and rural communities,
particularly in developing countries. The system is also of immense use to provide communications and
logistical support in the event of natural and man-made disasters and emergencies when normal
communications links do not exist.

15. The above has touched on some of the questions specifically identified by the Committee. More
specific answers are set out below.

Impact of Investment on Competitiveness

16. Inmarsat can onlymaintain its global lead in its chosen sector by continual innovation and investment
in the network, its service platforms and in its people. In turn, the company relies on its suppliers to invest
in the research and development necessary to meet the highest standards that we require. The company has
recently completed an investment programme of $1.6 billion in its Inmarsat 4 satellite system and continues
to develop the service platforms needed to tailor the high-speed data service that the new satellites can deliver
to the aeronautical and maritime communities. This group of service oVerings, collectively known as
BGAN, provides services to 85% of the world’s surface and 98% of its population. We intend to launch a
third satellite next year that will ensure complete global coverage. We are also considering the advantages
of the Alphasat programme and, if favourable, could invest as much as £230 million in this.

17. So far, most of this investment (except launchers) has been spent in the UK, where there is a tradition
of excellence in the leading-edge technology we require for our satellites and network and where we have
ready access to both financing and insurance. However, our competitiveness depends on continuing access
to this level of excellence. Should this for any reason be diminished, wewould be forced to gowhere we could
find it and get the best value for money.

18. We also see considerable value to our suppliers from their continuing participation in ESA and EU
research programmes. Much of the innovation that underpins their leading edge technology is developed at
least in part from work on these programmes. It is therefore important that the Government continue to
invest in the ESA, particularly ARTES, programmes, which are directed at producing practical results that
can deliver a competitive product that can be put into commercial use.

Benefits and Value for Money of ESA

19. We have mentioned several times the importance of leading edge technology from suppliers. As the
UK has no Space Agency or national space programme, development of an innovative industrial
infrastructure is largely dependent on co-funded ESA programmes, and on ARTES in particular. ESA’s
programmes have led to the development of a pool of expertise in Europe, and especially in the UK, that
has kept our space industry largely competitive with that of the USA and emerging space industries such as
those of China or India. Without ESA’s presence, it is possible that much of operators’ investment would
go to countries where such expertise did exist.

20. ESA’s geographical returns policy has been criticised as leading to poor value for money. However,
the UK’s approach of selective investment can produce an excellent return on investment for the UK and
has undoubtedly helped retain expertise in this country. From a satellite operator’s perspective this is
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important, as value for money must take into account the ability to innovate locally, to keep overall
programme costs down.Were this not available, the operator would have to consider moving its innovative
technical people to where that expertise could be found.

21. There are many examples of successful return to the UK on investment in ESA programmes and this
was certainly the case with the Inmarsat 4 programme, where our main supplier (and therefore we) derived
considerable benefit from ESA co-sponsored work. As previously mentioned, a satellite operator needs to
be sure its satellites employ leading edge technology; however, employing such technology inevitably carries
a risk. Fortunately, ESA programmes can be used to mitigate such risk without the supplier or their
customer bearing all the cost. An additional advantage is that the IPR and expertise also remains with
the supplier.

Innovation and Knowledge Transfer

22. Inmarsat has a long tradition of working with UK universities and also the World Maritime
University (based in Sweden) and International Space University (based in France). However, our main
forum for interchange of ideas and for knowledge transfer has traditionally been through working with our
suppliers and service providers on specific projects. We regularly have technical people out-posted with
suppliers and spend several million dollars a year on our Connect programme, which helps our service
providers to develop and market new applications. This teamwork provides an excellent return on
investment in terms of understanding the business, technical innovation, and quality assurance.

Benefits of Government Investment in Space Activities

23. The benefits of Government’s investment in ESA has already been well rehearsed and we would wish
to congratulate the BNSC team that coordinate the UK’s investment in ESA, and particularly the ARTES
programmes, for their excellent work and interactionwithUK industry that has brought significant ongoing
benefits to the UK. We cannot stress too strongly the importance of continuing along this path, if possible
by increasing such investment in the Comprehensive Spending Review.

24. We would encourage Government to adopt the holistic approach of the UK space industry when
considering its investment in space. It is important, for instance, that user departments take into
consideration the wider picture when determining their “make or buy” policy. Government is potentially a
big user of space-based products and is naturally concerned to get best value for money. However, value for
money for the country as a whole needs to take into account the importance of maintaining a competitive
UK-based industry. Otherwise user departments could find themselves not only paying higher prices, but
indeed paying them to companies not based in the UK, to the detriment of the economy.

25. There may also be short-term consequences from lack of investment in the “build” phase of a project.
A recent example is with DfT’s unwillingness (or inability) to provide the necessary funding to maintain the
UK’s 17% share of the Galileo project. Fortunately, DTI were able on this occasion to fund theƒ31 million
commitment—but we fear that this could be at the expense of other projects. In the context of siting the
Galileo Operations company in London under Inmarsat direction, it was made clear to us that if the
Government failed to make this investment, this would almost certainly lead to the company being located
in a country that was prepared to make the investment—in practice France, Germany or Spain.
Furthermore, there would likely have been no future in CardiV’s bid to host the Galileo Supervisory
Authority.

26. Wewould therefore recommend that user departments, alongwithDTI, be allocated funds to provide
this kind of “build-phase” investment to ensure continuing UK participation and influence in projects in
which they will have an eventual interest as users, and to help keep jobs in the UK by maintaining the
competitiveness of industry.

Space Research and the Skills Base

27. As previously noted, the current level of Research and Development by UK industry and
Universities, complemented by public funding from the Research Councils, has led to a highly skilled and
competitive workforce. However, a large proportion of this skill base is due to retire over the next five to
10 years. It is therefore vital that Government Education policy should be directed towards encouraging
more study of science subjects. In this context, Space Studies are a proven motivator for schoolchildren and
have been recognised as such by PPARC, who have done good work in this area.

28. For this reason, we would further recommend that Space Studies to be given greater prominence,
both to improve the take-up of science subjects in general and to produce the next generation of UK space
experts to maintain our excellence in this field.

November 2006
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Memorandum 82

Submission from Virgin Galactic

Virgin Galactic is pleased to provide a response to the subject inquiry. We welcome the opportunity to
communicate our experience from developing a business model for safe, frequent and aVordable access to
space for the general public. I hope that this evidence will convey properly the strategic importance to the
UK of fostering a commercial space sector through appropriate policy. Recent applications of science and
technology to communication and sensing satellites have influenced world economy globalisation and
identified threats to the world’s ecosystem. We believe that an eVective policy which ensures access to space
for UK industry and government is essential.

1. Executive Summary

1.1 The following testimony is provided in support of the Science and Technology Committee inquiry
into aspects of UK space policy. I am Will Whitehorn, President of Virgin Galactic (VG) and senior
investment advisor to the Virgin Group. I can provide your inquiry with evidence from the perspective of
a commercial enterprise engaged actively in the international space sector.

1.2 The economic and public benefits of a profitable, sustainable and diverse UK space sector are
tremendously promising. The realisation of these benefits is dependent onUK space policy and its openness
and willingness to foster commercial development.

1.3 VG is excited to be leading the way in developing safe, frequent and aVordable human space access
services. VGbelieves this has the potential to complementUK space policy and benefit theUK economically
and socially. By the end of this decade VG intends to provide sub-orbital space tourism services to the
general public, initially operating from theUS.Unfortunately, VG’s ability to operate in theUK is currently
hindered by a lack of:

— an appropriate domestic regulatory framework;

— emphasis of public funding toward human spaceflight activities;

— financial incentives; and

— flexibility imposed by US export control regimes.

1.4 To maximise the commercial benefits and wealth creation from UK space-based technologies, I
recommend the Committee addresses the following in its inquiry:

The UK should

— encourage private sector investment in space activities through commercial incentives, possibly
through monetary and fiscal policy;

— develop a more favourable policy and regulatory regime for the emerging space markets.
Reference should be made to the US which has been forward thinking on this matter;

— ensure that export control regimes do not unnecessarily hinder the private sector, whilst protecting
the UK’s national interests and those of its allies;

— invest in Public-Private-Partnership type arrangements for basic infrastructures, such as space
ports, that can be shared with the private sector for commercial activities; and

— leverage and foster commercially available technologies for aVordable access to space. Market
forces dictate that the private sector will deliver the most competitive products, for which the
government can be a major consumer. Commercial launch systems have the potential to alleviate
any pressure on the UK government to develop its own human spaceflight programme, but can
provide avenues for involvement, which we would be pleased to elaborate on.

1.5 Delivery of public benefits from space-related activities could be realised not only through the UK’s
various government departments, but also its industrial partners and world-renowned research facilities.
VG acknowledges the UK’s leading position in areas such as Astronomy and Earth Observation. The UK
could expand on this by:

— developing renewable, benign fuels that will reduce the environmental impact of space access and
transportation here on Earth. The Virgin Group is proud to be leading in this area with the
establishment of Virgin Fuels, which will invest up to $400 million in renewable energy initiatives
over the next three years, and

— considering state funding and/or research into enabling technologies such as those required for
high-speed aerospace transportation.

1.6 Encouragement of the commercial space industry and associated technology development in the UK
could raise funds for the Exchequer through Intellectual Property (IP) rights and tax revenue.
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1.7 Support for space-related research and the UK skills base will be enhanced by the involvement of the
commercial sector. For example:

— VG has already engaged several UK companies as possible contributors to the experience VG
oVers to its customers.

— The UK’s insurance market could build on its success and expertise by oVering services to the
commercial space sector.

— Establishment of a robust commercial space sector will limit:

— the “brain drain” to the wider EU andUSof theUK’s brightest individuals who are interested
in this fascinating industry, by providing career incentives and opportunities; and

— the decline in the uptake of science and engineering courses at secondary and tertiary levels.
As evidenced by the Apollo era, spaceflight can increase national pride and inspire our young
to pursue studies in technical disciplines. VG is proud to have tremendous support from the
UK public, with some 16.3% of our customers based in the UK.

Background

1.8 By the end of this decade VG intends to provide sub-orbital space tourism services to the general
public. Initially operating in the US, VG’s customers will experience the thrill of a rocket ride to an altitude
of approximately 110 km followed by zero-gravity “floating” and a spectacular view of the Earth below.
Providing the service on the SpaceShipTwo craft at the highest achievable level of safety is of primary
importance to VG, our pilots and our partners.

1.9 In the next few decades, VG forecasts that the industrywill progress beyond sub-orbital space tourism
to high-speed civil transportation outside the atmosphere and private orbital facilities. As well as human
spaceflight, both science and payload deployment will be possible.

1.10 VG wishes to be a global leader in future space transportation services. VG therefore encourages
further involvement by the UK government in technology development and policy initiatives aimed at
increasing domestic incentives and decreasing regulatory barriers.

2. Observations

2.1 Below is a discussion of general observations based on our experience to date in establishing a
business model for VG. As with all new private ventures seeking to be successful, there must be:

— suYciently mature technology in the product or service being oVered;

— an inviting or non-intrusive regulatory environment;

— government policy that is open to and allows commercial innovation;

— a stable and predicable legal framework; and

— an identifiable customer demand that results in a commercially viable return on investment.

2.2 Technology

2.2.1 Demonstrating the innovation and cost eYciency of the commercial space sector, the technology
now licensed by VG was developed with private investment. Private enterprise can also extract the most
commercial potential from technology developed by government-sponsored civil and military eVorts.

2.2.2 In order to widen the opportunities for safe and commercially viable spaceflight for the general
public, advances will need to be made in key technical areas. For example, high-speed trans-oceanic/
continental civil transport will likely require at a minimum:

— reliable, air-breathing rocket engines;

— light-weight, reusable thermal protection systems;

— advanced avionics and flight software;

— renewable, benign fuels that minimise environmental impact;

— low-cost operations including ground systems and support infrastructure; and

— a significantly higher level of safety performance than has been achieved on spaceflight missions
to date.

2.2.3 It is our belief that these technologies could be developed independently in the UK at its
various government departments, industrial partners and world-renowned research facilities. Fostering
technological development in the private and public sectors should be a principal objective of UK space
policy.



3553511082 Page Type [O] 12-07-07 01:53:06 Pag Table: COENEW PPSysB Unit: PAG1

Science and Technology Committee: Evidence Ev 309

2.3 Regulatory

2.3.1 It is imperative that theUKdevelop a supportive and stable regulatory framework for the emerging
commercial space industries, such as space tourism, that will appreciate and account for the early risks and
challenges associated with development of this new industry. For example, the formation of the OYce of
Commercial Space Transportation (AST) under the auspices of the US Federal Aviation Administration,
assists the industry in specifying requirements for the emerging suborbital tourism and private space
launch market.

2.3.2 VG’s operations will commence in the US for two main reasons:

— VG has the ability to operate in the US through policy such as the Commercial Space Launch
Amendments Act (CSLAA) of 2004; and

— the proprietary technology being US-based and governed by export control regulations,
specifically the International TraYc in Arms Regulations (ITAR).

2.3.3 Similar regulatory representation in the UK would be beneficial in accelerating the development of
commercial space launch systems in theUK for bothmanned and unmanned payloads. Commercial systems
have the potential to alleviate any pressure on the UK government to develop its own human spaceflight
programme.

2.3.4 VG’s ability to operate in the UK is currently hindered by a lack of an appropriate domestic
regulatory framework and inflexibility imposed by US export control regimes.

2.3.5 It is vital that the UK government works across borders with its allies to ensure a workable and
equitable export control regime. Whilst VG agrees that it is paramount to protect the national interests of
the UK and its allies, export control regulations must not present an unnecessary and/or insurmountable
barrier to commercial progress in the space sector. It is VG’s desire to have operations running in the UK
in the near future. A barrier to realising this objective could be an overly-restrictive export control regime.

2.4 Commercial

2.4.1 Commercial incentives, possibly through monetary and fiscal policy, would assist greatly in the
development of space-related industries in the UK. Overseas governments are oVering financial incentives
to emerging space companies through public funding of infrastructure such as spaceports. In the US, the
state of New Mexico’s assistance in the development of Spaceport America assisted greatly in confirming
the commercial viability of VG. The state has been visionary in understanding the medium and long term
economic and social benefits from supporting commercial launch systems.

2.4.2 Incentive schemes such as the Ansari X-Prize have also accelerated development and funding for
the commercial space sector. Historically, financial prizes for the demonstration of technological
advancement are aBritish invention—in the early years of the last century, theDailyMail newspaper oVered
a series of aviation prizes including $50,000 for the first non-stop crossing of the Atlantic; that first crossing
was made by Captain John Alcock and Lt ArthurWhitten Brown in 1919. More recently, the Kremer prize
is an example of financial incentives spurring technological advances in lightweight materials for aircraft.
Speaking for private industry, VG encourages the provision of such prizes in the future.

2.4.3 The potential revenue generation from UK space policy fostering a commercial space sector is
significant. For example, aVordable access to space, such as that provided by VG, enables previously
uneconomic research in fields such as pharmaceuticals, earth sciences and life sciences, thus increasing the
pace of technological development. If UK companies can partake in this research, IP opportunities can be
realised increasing future wealth creation.

3. Concluding Remarks

3.1 VG is excited to be leading the way in developing safe, frequent and aVordable human space access
services. VG believes that this venture represents a watershed moment in human spaceflight from that of a
government-led and dominated realm to a robust, self-sustaining private industry. A combination of public
and private technology development, government incentives, reduced regulatory barriers, a stable legal
environment and the spirit of entrepreneurship of our company’s founder are enabling this natural
progression.

3.2 VG regards the Committee’s wide-ranging inquiry into UK space policy as a positive step forward
in realising a more profitable and sustainable UK space sector. In summary, VG encourages the Committee
to investigate the benefits of:

— introducing incentives for private sector investment in space activities;

— reducing regulatory barriers for the emerging space markets; and

— fostering public and private technological development.

November 2006
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Memorandum 83

Submission from e2v

Executive Summary

e2v has space sales of circa £15 million per annum from a total of circa £112 million from its UK
operations. Science driven sales of image sensors for advanced instrumentation have succeeded very well
andUK/ESA space funding has been pivotal in enabling e2v to reach a recognized position as a global leader
in this technology. Regrettably where no science driver exists market failure is evident. e2v believes there
remain market opportunities that are not addressed early on and that could have a major economic impact
given, for example, an appropriate early stageR&D funding scheme—prioritized by future economic impact
not solely science return.

1. e2v technologies (www.e2v.com) is a world leading supplier of specialist electronic components based
on semiconductors and vacuum electronic tubes. In annualised terms circa £112 million of its £180 million
sales originate from UK manufacturing activities based in Chelmsford (x1,000 people) or Lincoln
(x200 people).

2. In the 12 months to March 2006 space-related sales amounted to circa £10 million mainly comprising
custom image sensor chips (silicon CCD image sensors) for world leading spacecraft imaging instruments.
Customers and end users include NASA (Wide Field Camera—3 for Hubble), Astrium, Alcatel, Lockheed,
Ball Aerospace, JAXA, CNES and ESA. Being programme-driven this sales number varies year to year but
circa £10 million per annum. is a good average across circa five to 10 programmes in various phases. The
global leading position of this space image sensor business is recognized by our customers and competitors.

3. Through the early 80s the business originating from ESA science activities has been pivotal in the
development of the world leading position for e2v—eg on ENVISAT (Ozone monitor sensor “GOMOS”
and two others) and XMM with Leicester University. This has culminated with in 2005–06 the placement
directly from ESA of a contract directly with e2v for the mission critical CCD image sensors totalling
ƒ19.9 million for the ESA-GAIA star mapping mission.

Economic Impact of Space Activity

4. A direct result of the UK/ESA funding of science missions is the sustained demand for leading edge
image sensor technology to satisfy the needs of the newest scientific instruments. This has been a major
underpin for the continuing development of improved baseline capability that is at the heart of our circa
£30 million per annum overall UK imaging business. For further clarity the UK/ESA annual requirements
that have typically ranged from circaƒ1million to circaƒ3million per annum (GAIA being amajor current
blip) has been leveraged up by:

(a) AttractingNASA/JAXA and other national funded science sensors (egHubble, Hinode, Hirise on
Mars Explorer, Stereo).

(b) Commercial space craft attitude control sensors (“star sensors”).

(c) Spin oV supporting terrestrial astronomy, life science and commercial image sensing.

(d) Spin oV supporting a major product line in dental imaging.

5. The importance of the space business to driving the technology in this area is extremely high and this
ahs led to the growth of our UK imaging business which now employs circa 200 people (mostly highly
trained graduates/semiconductor engineers).

6. Reason for success in this area are:

(a) A business focus on specialist niche markets.

(b) Critically, an eVective funding mechanism for early stage R&D into new sensors exists:

(i) PPARC or ESA fund space primes or University groups (eg Leicester or Brunel or MSSL);

(ii) Space primes or University groups fund e2v; and

(iii) The instrument part of the space mission is seen as interesting and high profile and is easy to
get funding for (close to the science).

7. e2v—Brunel University collaboration: the “e2v Centre for electronic imaging”. To secure skilled PhD
qualified engineers for the imaging business, and to develop jointly new technologies/applications e2v has
committed circa £100k per annum to Brunel to maintain and grow a team of talented image sensors
specialists. This support covers 50% of the salary of Professor Andrew Holland (relocated from Leicester)
and the industrial sponsorship for the mainly PPARC provided team of circa six oV CASE studentships.
This is all matched by Brunel providing infrastructure and salaries for RAs and support staV. This
arrangement has been in place for three years now and the group has secured leading roles in a number of
space instruments including support work for GAIA and a lead in some AURORA Mars mission
instrument concepts.
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8. In a second area of business there have been some technology development contracts (GSTP/ARTES)
for advanced technology in satellite communication uplink amplifiers. This has helped develop a circa
£4 million per annum business in ground segment equipment. Importantly this capability was directly
responsible for e2v’s ability to produce quickly some electronic equipment for a recent UK MOD requirement
(2005 and 2006)—resulting in sales of (£12 million. Further defence-related derivatives are possible.

9. Market Failures.

10. Whilst the above successes in space are notable there is in our view a major problem. This is in the
area of non-science related new technologies. We believe that had simple, visible mechanisms been in place
to encourage, drive and support some of the less scientifically appealing building blocks for space
infrastructure e2v could have accessed additional market sectors. For example:

(a) During the 1980s: Space TWTs (“Travelling Wave Tubes”) for space segment microwave
applications—missed opportunity circa £50 million per annum?

(b) High temperature semiconductors—eg Gallium Nitride. This technology has been more
significantly developed and invested in within the USA and Japan. There are major spin oV

applications in high temperature/high voltage electronics for both automotive and high power
traction applications—missed opportunity 100s of £ million? ESA have recently recognized this
and are now making some TRP money available.

11. A conclusion to address the above is to increase the scale of early stage R&D and assess applications
by economic impact as a worthy measure rather than science outcome as an almost overwhelming
consideration. A national programme of early technology demonstration to augment ESA is recommended
by this author.

December 2006

Memorandum 84

Submission from JRA Technology Ltd

TECHNOLOGY SPIN-OFF FROM UK SPACE RESEARCH—PRACTICE AND BENEFITS

1. Summary

This submission briefly addresses the contributor’s view on what is generally understood by space
research technology spin-oV; what has been theUK experience to date; what programmes have been in place
to foster and support this spin-oV; what have been the benefits to date, also the contributor’s brief comments
and suggestions for the way ahead.

2. The Contributor

John Rootes is the founder of JRA Aerospace Ltd and JRA Technology Ltd, and was a co-owner until
those companies were acquired by the Sitec Group in January 2006.

A primary activity of JRA Technology has been technology transfer support largely in the aerospace,
space and university sectors. Clients have included MOD, BAE SYSTEMS, QINETIQ, BT and the EU.
JRA was involved in setting up the European Space Agency Technology Transfer Programme (ESA TTP)
in 1990, based initially on a model established for the MOD by DTE Ltd in 1988.

More recently JRA and John Rootes have been involved with University technology commercialisation
and start-up support, and in 2004 raised the Park Technology Seed Fundwith Brunel University andHSBC.

3. Definitions

Space spin-oV has been brought to the public notice by widely publicised examples and the American
experience of the 1960s. The classic “non stick frying pan” example however typifies some of the problems
involved in trying to identify pure space research technology spin-oV, in that it was probably more truly a
spin-oV from defence and broader aerospace research than from space.

The fact that spacemissions are of themselves high risk, with a significant requirement for autonomy post-
launch, actually means that space vehicle designers, where possible, try to rely on existing proved
technology—much of it derived from defence programmes in the early days.

This tends to lead to a situation where space researchers are actually working with already developed
technologies and it is often their task in making them “smaller, cheaper and faster” for space use that makes
them more attractive from a wider commercialisation point of view. On the other hand the need to use
electronic components resistant to radiation and atomic particles sometimes makes space components more
expensive and not immediately so easily transferable.
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Thus computers were not invented for the space programme, but eVorts at miniaturisation within the
Apollo programme possibly hastened the advent of the PC. That said the subsequent wider public demand
for ever more capable computer games has driven the state of the art in software graphics and animation
far quicker than space or defence requirements.

All this makes tracing the pure space origins of a technology advance quite diYcult on occasions. One
area however where clear advances can be identified is in payloads, and for theUK, developments in gamma
and x-ray, microwave and atomic particle detection and analysis for space science and astronomy missions
have led to advances in CCD and multi channel plate detector technologies and analytical software, which
have clear, if sometimes niche, beneficial application in life science and broader commercial situations.

Another factor that sometimes confuses reports and statistics in this area is the tendency in some quarters
to lump pure technology spin-oV (non–intended benefits) with other aspects of space commercialisation
such as Earth Observation products and applications, satellite navigation products and applications and
even the whole area of terrestrial communication commercialisation. The following paragraphs attempt to
deal with classical technology spin-oV.

4. Extent of Spin-off Practice in UK

Non-space commercialisation of space technology has not been a major priority for all space companies
in the UK in recent years. In 2001 a survey of 187 UK space companies/research groups identified 26 that
had admitted to pursuing non-space commercialisation of their research. Whilst this survey was not
exhaustive it gives an indication of the number of organisations content to focus on their primary
research aims.

Again the diYculty in separating pure space research from broader technical advance makes this quite a
diYcult statistic to pin down. For example in the 80s and 90s GEC/BAe companies diversified into TV
antennae, in-flight entertainment and car alarms etc.Much of this expertise had come fromdefence projects,
but some had come from space programmes and thus, whilst the origin of the commercially beneficial
advances are not instantly obvious, the probability of there being wider benefits from space research than
are superficially apparent should be borne in mind.

5. Support to Space Technology Spin-off

The major source of specific public sector support to UK space spin-oV in recent years has come from the
European Space Agency. ESA set up the ESA Technology Transfer Programme in 1990 based on a model
developed for the UK MOD in the late 1980s.

In brief, a network of technology transfer practitioners was established in ESA contributing countries to
oVer practical support to space to non-space technology transfer. The (12 country) network assisted with
marketing, business planning, partner search for technology commercialisation, organised promotional
events and facilitated access to ESA experts and other sources of funding.

JRA has been involved with the network from the beginning as the UK point of contact, and has also at
times had responsibility for network management and TT activities in Scandinavia. Over the 15 years of
TTP operation JRA’s income from ESA has averaged £100,000 a year. In recent years the programme has
suVered as a result of the ESAmoratoriumwith direct income dropping to an average of £30,000 per annum
over the past three years.

Further direct support to JRA for space TT activities has come from BNSC and PPARC mainly in the
form of support to conferences (eg “Bio Imaging—Can Space Help?”), one-oV studies or reviews etc and
has averaged £15,000 a year over the past 10 years.

In carrying through the programme JRA has been able to assist in leveraging additional public sector
support direct to space researchers/companies for technology commercialisation developments. This has
taken the form of DTI grants, further direct grants from ESA, regional grants and funding from the EU
RTD programmes. More recently, start-ups based on space technologies have received grants from
university based funds. Whilst it has not been possible to quantify this level of support in the time available
an estimate of £10–20 million is made for those which JRA is directly aware of.

There will also be other commercialisation activities that JRA has not been associated with and
companies that would have made their own applications to national and European sources of funds. No
estimate for these can be given.

6. Results and Benefits

ESA advises that the TTP has stimulated 200 successful space-non space technology transfers and
generated nearly one Billion euros in cumulative business turnover since its inception. JRA has been
involved in more than 35 of these transfers, the majority transnational.

Within the UK some of the more successful spin-oVs have involved software, materials technology and
sensors and instrumentation.
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ESA Software Standards—developed from experience with large high profile multinational
programmes—were commercialised by Logica and have been sold throughout the world. Whilst the actual
income from sales of the books has probably not exceeded a few tens of thousands of pounds, their influence
on the eYcacy and smooth running of software programmes world-wide can only be guessed at. Similarly
the DOORS Requirements Management Software package, developed by a British ESA TTP staV member
and commercialised in the UK, is a world leader now earning tens of millions of pounds annually for its
current owners Telelogic Plc, and has increased management eYciency of countless major software and
engineering projects.

On thematerials side the ESATTP supported early developments in wider applications for shapememory
alloys. The sale of Anson Medical to Lombard Medical for £20 million in 2001 has led to that company
expanding its operations in the provision of SMA stents and other devices and it continues to grow.

Concerning sensor technology, Aromascan Ltd was formed in 1994 around artificial nose technology
developed inManchester against an ESA space contract (a device was also used for atmosphere monitoring
on-board the MIR space station). Now operating as Osmetech plc it is turning over nearly £5 million
annually and expanding.

Space and astronomy-led developments in optical, x-ray, gamma, microwave and atomic particle
detection and analysis are starting to find applications in life science, medical and other applications. E2V
have had commercial success and some of the start-ups listed below indicate just some of the potential of
this technology area in which the UK is a world leader.

The ESA programme has stimulated the creation of more than 30 spin-oV companies. The UK has been
a leader in this area, and the following give an indication of the UK start-ups that have been assisted or will
be assisted through the ESA TTP.

Anson Medical Ltd — Medical applications of shape memory alloys
DMD Ltd — Non medical applications of SMA
ThruVision — Terahertz imaging for security applications
Dynamic Extractions — Centrifuge technology for drug research
BioAstral — Imaging technology for micro arrays
Symetrica — Gamma Imaging for Security applications
AK Rainbow — Bioluminescence techniques
MRPB Research — Terahertz imaging
IPStar — Space technology commercialisation
(TBD) — Portable gamma imagers for medical apps

ESA has also established an incubator at ESTEC at Noordwiyk in Holland which currently holds 39
start-up companies. Several UK companies aided by JRA have made applications for support, however the
need for Dutch residency for the company has in the event proved a stumbling block and currently IPStar
is the only UK-originated start-up in residence.

7. Comment and Recommendations

Whilst the above conveys a brief indication of the results and benefits of spin-oVs fromUK space research
and the programmes that facilitate them, a definitive financial analysis has not been undertaken and, for
the reasons stated above, would be quite diYcult.

In the analysis that ESA has undertaken, a qualifying transfer is one that for the purposes of the
programme involves an investment in non space commercialisation of a minimum of ƒ40,000 from a third
party. This leads to the usual drawbacks of “target-led” programmes in that it does not necessarily give a
clear indication of the actual situation.

On the negative side—a significant number of technology projects, whilst qualifying for transfer status,
do not subsequently go on to full commercial success. For a large number of European and UK companies
and SMEs, for example, applications to EU Technology RTD programmes are often an end in themselves
and not a stepping stone to greater commercial success.

On the positive side however the eVect of the promotional events and actions stimulated by the TT, and
its work in bringing diVerent areas of industry together to discuss new technology developments, can and
does bring incalculable benefits which often are not visible to either ESA or the intermediaries involved.

There is therefore a case to be made for continuing public funding support for space technology
commercialisation as part of a wider initiative. The UK national eVort has been lacking in this area to date
and the recent PPARC initiative is to be commended.

On a broader front, JRA has had quite wide involvement in technology start-ups and commercialisation
in recent years. A further observation we would make is that public seed money should be more accurately
targeted. Usually start-ups are initiated by technical staVs, who seek to apply further funding for technical
developments when often an earlier concentration on market and commercial aspects would be more
beneficial.
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Also there is often quite a large gap between the levels of funding available for early stage growth and
that needed to de-risk the technology suYciently for VCs to be attracted. This can be particularly the case
for the complex detector and instrumentation technologies of the sort identified above. There may well be
a case therefore for being more selective in the application of public funds to projects—to give more, but
less often.

December 2006

Memorandum 85

Submission from the Science Museum

Executive Summary

This submission to the Science and Technology Committee of the House of Commons Inquiry into Space
Policy outlines:

1. the Science Museum’s history of displaying and interpreting space;

2. the Museum visitors’ perennial interest in the subject of space;

3. the utility of “space” in enthusing young people to pursue science and/or technology orientated careers;

4. the Museum’s role in explaining the ubiquitous uses of space technologies.

1. Space Exploration displays and interpretations at the Science Museum

1.1 The Science Museum has been representing space exploration for its many millions of visitors for
five decades.

1.2 The Museum’s first “Space Age” exhibition was mounted in 1957 to mark the International
Geophysical Year during which the world’s first artificial satellite, Sputnik 1 was launched.

1.3 From the mid 1960s the Museum had had a permanent space display and from 1986 a complete
gallery devoted to the subject.

1.4 Star objects on display include the Apollo 10 command module, Helen Sharman’s spacesuit,
engineering models of satellites and probes, Black Arrow and Scout launch vehicles as well as UK and US
rocket engines.

1.5 The Museum will be re-opening its entire Space Gallery in the spring of 2007 as part of a new,
reconfigured space display.

1.6 The Museum interprets the subject of space exploration and exploitation in many other ways
including lectures, talks, dramatic performances, web narratives, competitions, outreach and so on.

2. Visitor interest in Space Exploration

2.1 The subject of space is perennially popular with a great number of our visitors and especially with our
younger ones including those on the hundreds of thousands of school visits made to theMuseum each year.

2.2 A significant proportion of our visiting teachers embrace the subject as something that can be used
to assist in the teaching of school science including the National Curriculum.

2.3 The Museum has long championed the use of educational resources for teachers and we shall be
exploiting the new space display accordingly.

3. Space as a tool for enthusing prospective scientists and technologists

3.1 The Museum is not alone in understanding the import and worth of the subject of space in the
teaching of science: the main industrial and research organizations who are supporting the re-display are,
like the Museum, seeking to target the Key Stage 2–4 age groups so that the subject can be utilized to
stimulate and enthuse those young people who are deciding on exam options and subjects for tertiary study.

3.2 “Space”, perhaps more than any other subject, is able to stimulate interest in science and technology.

3.3 Many, of course, will not end up working in the UK space sector but it is “space”, none the less, that
captures young imaginations and steers them, subtly, towards scientific and technological careers.

3.4 The importance of such a catalyst in today’s increasingly competitive economic world cannot be
understated and is a quality the Museum is particularly able to cultivate and to develop.
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3.5 We are fortunate that in recent years the UK’s space science activities have become, arguably, more
prolific than ever before; they have certainly developed a higher profile which the public, as far as the
Museum is able to tell from its interactions with it, is increasingly aware of and, indeed, supportive of.

3.6 Missions toMars (in particular) but those to the solar systems’ other bodies have garnered great press
and public attention and this prominence will be duly reflected in the Museum’s new space display.

3.7 The UK has never invested in any significant way in astronautical exploration (human spaceflight)
but there is little doubt that this particular aspect of space endeavour is of great interest to all of our
audiences and especially the young.

3.8 Whenever visiting astronauts and cosmonauts talk to school and other parties of young people at the
Museum the audience reactions are consistently ones of attentiveness and fascination.

3.9 Some sort of UK involvement in Nasa’s plans to return to the Moon would undoubtedly capture the
interest of and provide educational stimulation for a whole new generation to whom the Apollo missions
are but history that is read about or memories recounted by parents and grandparents.

4. The ubiquitous applications of space technologies

4.1 The Science Museum’s new space display will also attempt to alert more of the public to the UK’s
increasing but still relatively unrecognized investment in space technologies that deliver tangible,
terrestrial benefits.

4.2 There will be displays that convey something of the sheer numbers of satellites that are orbiting
Earth and assisting with communications, navigation, meteorology, climate change studies and a host of
other terrestrial applications.

5. Conclusion

A trip to the ScienceMuseum should always be fun and enjoyable but it ability to enthuse young visitors
serves a far more serious role in helping to instruct them in the arts of science and technology. This is a
Museum remit little changed from that which drove the organizers of the 1851 Great Exhibition—
progenitor of all of South Kensington’s world-leading scientific, technological and cultural institutions.
Space oVers a unique tool with which to deliver inspiring scientific and technological displays and events
and the presence of a healthy UK space sector both enables and feeds oV this energy and enthusiasm.

January 2007

Memorandum 86

Submission from Professor Alan Wells, Leverhulme Emeritus Fellow, University of Leicester and
Non-Executive Director, National Space Centre

SPACE EDUCATION AND SKILLS AT LEICESTER; CURRENT AND FUTURE ROLES OF
THE NATIONAL SPACE CENTRE

Background

TheUniversity of Leicester and the National Space Centre, together, support a distinctive involvement in
space education and skills creation deriving from the University’s extensive and long running space research
programme. There has been aLeicester-built instrument operating on an orbital spacecraft in every calendar
year since 1967. Currently, five operational satellites are carrying instruments or software built in the
University’s Space Research Centre and these support a wide range of scientific research and outreach
projects in high energy astrophysics and earth climate studies. The Beagle 2 Lander Operations Control
Centre was designed and developed by a Space Research Centre team and housed, for public information
and outreach purposes, in the National Space Centre, public access commencing with the launch of Mars
Express in June 2003 and continuing for six months until the declared termination of the (unsuccessful)
Beagle 2 search and recovery operation. Visitor numbers at the National Space Centre increased by 15%
over that period.

The University’s Department of Physics and Astronomy initiated the first undergraduate course in the
UK in Physics with Space Science and Technology in 1991, complementing the earlier successful Physics
with Astrophysics course. Many of its graduates and post-graduates have since progressed to space related
employment, in research, industry, education and policy.
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The University is a founding partner of the £60 million National Space Centre (NSC), which was
developed from the University’s founding proposal to the Millennium Commission. (Wells and Ponter,
1995). The University has run the UK Space School for over a decade, most recently in partnership with the
National Space Centre.

The report to BNSC on space education (Barstow, 2005) reflects the prominent role of Leicester scientists
in migrating space and astronomy themes into outreach programmes for schools, regionally and nationally,
both through Departmental programmes and in conjunction with the National Space Centre.

Aspects of Space Education

The UK Government’s Science & Innovation Investment Framework 2004–14 (2006) highlights the
growing skills shortage in science, technology, engineering and mathematics (STEM): a gap that is
increasing as demand rises from business coupled with a decrease in interest from students choosing their
A-level and degree options.

A contemporary role for space science in education and outreach was reviewed at the First Appleton
Space Conference. (Wells, 2005) The main findings were:

— Students in the age group 7–14 are receptive, curious and inspired by space-related educational
experiences such as are encountered at science visitor centres. Providing for this age group is
rewarding and is donewell at theNational SpaceCentre and elsewhere. TheNational SpaceCentre
supports over 50,000 school visitors annually in its education programmes. Studies have shown
that positive changes in attitudes towards science are retained by over half of the participants, for
months after a well organised school education visit to the National Space Centre (Jarvis &
Pell, 2002).

— Many students turn away from physical sciences between the ages of 14 and 18. A-level entries
in physics are in steady decline nationally, dropping from 33,200 in 1997 to 27,400 in 2006
(IOP, 2007).

— Poor quality of physics teaching is identified as a core problem (Smithers &Robinson, 2005). Only
´ of GCSE science students in state schools are taught by a graduate physics teacher. Teachers of
physics, especially those not trained in physics, are in dire need of help if they are to reverse the
decline in A-level entrants. (IOP, 2005).

— Regional Science Learning Centres have been set up to help develop and sustain core skills for
science teachers. Space features in the EastMidlands Regional Science Learning Centre Network.

Undergraduate in-take in the physical sciences has declined nationally for the past decade. Space Science
and Astrophysics in-take at Leicester and other Universities with space and astronomy based courses
counter the national trend. (By 2005 astronomy graduates accounted for 10% of the total physics-based
output of around 2500 graduates. Also, see figure below).

Physics & Astronomy Graduate Trends
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— STEM graduate output from the universities feeds the wider science-trained workforce, including
the space industry and the teaching profession. The aerospace industry workforce is aging and
declining in size in the UK, Europe and the US. 30% of all physics teachers will reach retirement
age in the next 10 years.

A US Perspective

The US Aerospace Industries Association (AIA) Commission on the future of the US aerospace industry
(2003) lobbied Congress on the short- and long-term workforce needs of the industry. The report noted the
high average age of the NASA workforce with 32% retiring within five years, and the decline in R&D
scientist and engineer employment in the aerospace industry from 90,000 in 1990 to 20,000 a decade later.
It recommended “reversal of the decline in, and promotion of growth of, a scientifically and technologically
trained US aerospace workforce; steps to address the failure of math, science and technology education in
America; investment in vocational skills needed by industry; and substantive long-term investment in
education and training at the undergraduate and graduate levels with major emphasis on mathematics and
the sciences.”

The Augustine Report, (2005) commissioned by the National Academy of Sciences, National Academy
of Engineering and Institute of Medicine and prepared by a committee drawn from leaders of US industry,
academe and government (including three Nobel Prize winners), asserts that 85% ofmeasured growth inUS
income per capita can be attributed to technological change. The report calls for actions, inter-alia,
“to increase America’s talent pool by vastly improving K–12 science and mathematics education (10,000
Teachers, 10 Million Minds)”.

NASA’s budget of $153.3 million in FY 2007 for education and outreach is targeted at “A lack of public
understanding of scientific enquiry, a retiring aerospace force, and job recruitment competition for those
with science and engineering degrees placing future advancements in science, aeronautics and space
exploration at risk”. The budget funds school and teacher training initiatives run byNASAaswell as “Space
Grants” to each State in the Union. State Universities often work collaboratively with state and district
schools in joint education projects.

The National Space Centre’s Education Policy

For the past five years theNational Space Centre’s education and outreach programme has been focussed
mainly on the KS two to three age group, see Table below. Provision for students at GCSE, A level and
undergraduate levels has been at a much lower level.

School Visits KS–1 KS 2–3 KS4 Total students/Teachers

NSC 2005 1,250 4,000 44,000 2,000 50,000/4,020

In 2006, with support from the East Midlands Development Agency (EMDA) and the Particle Physics
and Astronomy Research Council, the National Space Centre began development of a new space-themed
education programme for KS 4 (age 14–16) adapted to GCSE syllabus and a more advanced programme,
including career development themes, for KS 5 (age 16–19) students. Called “Careers Pathways and
Workforce Development,” the programme uses inspirational examples from space in physics and maths
courses, aiming to encourage students towards a science-based education and promoting science based
careers in higher education and industry. It delivers:

— Space-themed syllabus material.

— Teacher/researcher input to development of syllabus material and workshop content.

— Pilot education workshops and projects.

— Teacher Inset training.

— Annual Careers Fairs.

Delivery will be through innovative digital media presentations and provision of training aids and
syllabusmaterial, with active support and training to help teachers to use thematerial eVectively.Web-based
distance learning and video conferencing will be used to complement school visits and enable more distant
schools to participate.

These programmes, suitably tailored, will be delivered into vocational courses in FE colleges as well as
A-level students in 6th forms. This objective specifically addresses concerns expressed in EMDA’s Regional
Economic Strategy that: “the East Midlands is the lowest of all regions in the proportion of its workforce
with degrees in science and engineering subjects—identified as a key factor in facilitating innovation within
sectors and individual firms”.

A pilot Career Fair in October 2006 attracted 130 students and 10 exhibitors from space and other
high-tech companies and universities. The first pilot education workshop for 6th form and FE students
from East Midlands colleges will take place in April 2007.
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Regional Space Education Cluster

Space activities in the East Midlands already have a major impact on education, training and scientific
research at the national level.

TheUniversities of Leicester andNottingham aremajor innovators in the front line of space research and
development. The University of Leicester has its internationally recognised programmes in space science,
earth observation and planetary exploration. The University of Nottingham is the leading research centre
in theUK for advanced applications of GPS technology and amajor UKplayer in theGalileomission. Both
Universities run highly successful undergraduate and post-graduate training programmes in which space is
a strong feature and whose graduate outputs contribute substantially to the science-trained workforce of
the nation. Both universities have outreach programmes and showcase their space research activities at the
National Space Centre.

Experience at the National Space Centre, in common with other science centres, is that space education
inspires interest and contributes to scientific skills among the young where other branches of education fail
to motivate. This observation applies mainly to younger age science centre school visitors up to KS-3.
Evidence supporting this view is mainly anecdotal (Spencer & Hulbert, 2006) but, exceptionally, the
Leicester-based study (Jarvis and Pell, 2002) provides quantitative support for the argument.

Training and motivation of science teachers is recognised as a major reason for poor retention of STEM
inGCSE students and the continuing decline in A-level physics entries. The additional training and support
provided to teachers through National Space Centre INSET and other teacher support programmes is well
regarded. The East Midlands Regional Science Learning Centre Network uses space material in its teacher
training programmes. There is good cooperation and consultation between the National Space Centre, the
Regional Science Learning Centre, and other educational stakeholders that helps support the delivery of
these programmes.

The National Space Centre’s Careers Pathways andWorkforce Development project is a novel initiative
aimed at providing a much needed bridge in space education between Secondary Schools and Higher and
Further Education. The approach is concentrating on physical sciences in the present pilot stage and will
test out a new approach to the problem of declining interesting in science and maths among students at
GCSE level and beyond. The career development element will link it to university undergraduate
recruitment and technical training for industry.

Taken together, the National Space Centre, the two universities and the Regional Science Learning
Centre represents a cluster of science education capabilities and a centre of excellence with the potential to
provide a powerful resource centred on the theme of Space in Science Education. No formal structure yet
exists to coordinate these activities. Coordination is hampered by the fact that the various activities are
funded from many diVerent sources, with each funding agency having diVering priorities. (Ref: the
submission by Mr Chas Bishop detailing the dependence of the National Space Centre’s education
programmes on one-oV grants, sponsorship and cross subsidy.)

Recommendation

We suggest that, with sustained funding, the cluster of space education capabilities in the East Midlands
described above, could deliver a coordinated space education eVort that would have substantial national
benefit in the wider context of science education and training. There is the potential to provide a continuum
of space related education over the whole age range from primary to PhD, and beyond into the workforce.
Indicators at the lower and upper levels of the age range (National Space Centre at KS 2–3 and university
graduate output) already show positive results. “Careers Pathways” and an increasing involvement of the
Regional Science Learning Centre have the potential to plug the gap at GCSE and A-level, for the benefit
of students and their teachers.

The concept of a regional centre of excellence for Space in Science Education could be built around the
existing infrastructure involving the Universities, the Regional Science Learning Centre and other potential
stakeholders, with the National Space Centre is the bridging partner. A similar structure, perhaps not as
comprehensive, has been in place in Scotland since 2002, funded by the Scottish Executive currently at
around £300K pa. Populations of Scotland (x5M) and the East Midlands region (x4M), and the
associated educational requirements, are similar.

We recommend to the Select Committee the concept of regional clusters of science education based
around existing centres of excellence in science and education. This concept is well advanced in the East
Midlands around the theme of Space in Science Education and we wish to advance a proposal to establish
a pilot scheme in Leicester. The pilot programme could be established by 2008 if sustained with coordinated
funded, preferably from a single source, of around £300K pa. Eventually, roll-out on a national basis
throughout the nine English regions would require an annual expenditure of around £2.7 million.
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Submission from Chas Bishop, Chief Executive, National Space Centre

Section 1: National Space Centre

1.1 Origins & Purpose

The National Space Centre is the brainchild of the University of Leicester which, together with Leicester
City Council and Leicester Chamber of Commerce, secured a lottery grant from the Millennium
Commission to help build a world class visitor attraction, education and research facility on the site of a
disused sewage works. The Centre opened to the public in 2001.

The purpose of the National Space Centre is to inspire people, and particularly young people, to take an
interest in science via the subject of space. It has received significant support from the East Midlands
business and political community as a catalyst for the development of a science park on the adjacent brown
field site and, recently, as a centre of excellence for workforce development in science and engineering.

1.2 Visitor numbers

Since launch the National Space Centre has welcomed over one million people; 250,000 of which have
been children visiting in school groups. An additional 150,000 children have received a workshop in their
classroom delivered by either a visiting presenter or by videoconference.

The remaining 75% of visitors are mostly in family groups led by parents keen to support their children’s
formal education. An average visit lasts for three to four hours and includes a tour of the exhibition, a show
in the Space Theatre and a choice of workshops and trails. Visitors attending corporate events make up the
remainder.

A summary of visitor numbers for 2004–07 may be seen thus:

2004 2005 2006 2007 (forecast)

Family 140,000 144,000 143,000 142,000
School 49,000 50,000 51,000 52,000
Corporate 11,000 13,000 14,000 14,000
Total 200,000 207,000 208,000 208,000
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1.3 Funding

The National Space Centre was able to match the £30 million funds it received from the Millennium
Commission with funds from other sources in order to complete its development and begin its operation
debt-free.

From 2001–05, the business covered 73–86% of its costs from trading income and the remainder, from
other sources including sponsorships, grants and some borrowing. In 2006 it was able to cover 94% of its
costs from trading income due to the implementation of a gift aid scheme and strong growth in its corporate
hospitality business and creative service provision; the National Space Centre’s creative services team now
being the biggest producer of planetarium shows (by volume and license sales) in the world.

A summary of cost coverage may be seen thus:

% costs covered Profit(Loss) £k
Trading Fundraising Borrowing

2001 86 12 2 (20)
2002 75 16 9 (244)
2003 73 22 5 (127)
2004 76 28 (5) 101
2005 79 22 (1) 20
2006 94 10 (4) 96
2007 (f) 95 9 (4) 125

The National Space Centre is a not-for-profit education charity but is run as a commercial operation for
which no public sector support is assumed. That said, it received Government (DTI/DfES/OST) funding
totalling £354,000 in the three years 2003–04 to 2005–06 to support its education programme delivery.

The majority of the National Space Centre’s education programmes were developed using capital funds
from the building phase of the business. They are delivered on a commercial basis, but at a financial loss
due to schools’ inability to pay an entrance fee that reflects the cost of delivery. In addition, the business
invests in the development of new programmes in order to extend its impact into new age groups and to
keep pace with curriculum development.

The total loss incurred by education programme development and delivery is circa £250,000 per annum.
This is subsidised by the business on the basis (a) that it is what the business exists for and (b) that
stakeholders whose objectives are also being met can be recruited to support this work.

1.4 Long term development

The National Space Centre has a good track record in identifying development opportunities and
delivering new exhibition content and programmes that meet clear charitable and commercial objectives.
Two examples may be given:

1.4.1 Beagle 2 Lander Operations Control Centre

In 2001, the National Space Centre secured the authority and the funds to locate the Beagle 2 Lander
Operations Control Centre in its research facility at the heart of the exhibition. Visitors were able to watch
live as the story of Beagle 2 unfolded during the six month journey to Mars in 2003, and through the
subsequent search, whilst the successful Mars Express orbiter, and the American Spirit and Opportunity
rovers, sent back their images of the Martian surface.

1.4.2 Human Spaceflight: Lunar Base 2025

Using research feedback from visitors in 2001–02, theNational Space Centre decided to present the most-
popular subject (human spaceflight) via the development of a lunar base of the future.Tranquillity Basewas
launched to the public in July 2005.

The impact of these two developments on visitor income can be seen thus (the first vertical line is the
timing of Beagle 2’s impact; the second, the launch of Tranquillity Base):
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1.4.3 The National Space Centre’s development plans for the next three years are:

2007

50 Years in Space

A celebration of the 50 years of discovery since Sputnik 1 became the first man-made object in space on
4 October 2007.

Space Information Media Centre

A redevelopment of the existing Space Now exhibition gallery and web service to better tell “today’s news
from space” via the latest exhibition technology.

Career Pathways &Workforce Development

An education programme targeting 14–19 year olds for the first time; inspiring them, via the subject of
space, to consider the course and career options that will help them become the scientists and engineers of
the future.

2008

Earth Under Threat

Exhibition gallery development to explain the human and natural disasters that threaten the earth, and
how satellite technology can be used to help predict the threats and support eVorts on the ground to oVset
their impact.

Science Park Development

Exploitation of the science park development to provide green space, artefact and public art display in
an impressively landscaped setting.

2009

The Observatory

A new corporate hospitality facility to exploit demand for events bigger than those than can currently be
accommodated.
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Outer Space

The development of an adventure playground on “covenanted land” (for agreed, shared use) between the
National Space Centre and adjacent Abbey Pumping Station museum.

Section 2: Education Provision

The National Space Centre provides on-site and oV-site education programmes for children in school
groups, and a “space news” provision to help inform all visitors.

To date its education provision has concentrated on the 8–14 age range, inspiring children to take a
general interest in science. In 2007, it is developing a programme called Career Pathways & Workforce
Development to encourage 14–19 year olds to consider course and career options that will help them become
the scientists and engineers of the future. Programme development and a pilot delivery phase is supported
by the Particle Physics & Astronomy Research Council, East Midlands Development Agency, the
University of Leicester and a number of Further Education Colleges. Support for long term delivery is
being sought.

2.1 Education Programmes on-site

50,000 school children visit the National Space Centre each year to spend time in the exhibition and take
part in a choice of programmes, workshops and trails according to the age and needs of the group.
Astronauts and other influential role models visit on a regular basis to tell their stories and inspire children.

The flagship programme is a space mission in the Challenger Learning Centre. Curriculum-based
preparation materials may be used in the classroom before the visit to the site. The two and a half hour
simulated spacemission is located at the Space Centre in a fully-themed space facility—half mission control;
half space station.

All students see a highly-informative Space Theatre Show as part of their visit. Shows cover subjects such
as human spaceflight, the size of the Universe and the search for extra-terrestrial intelligence. Curriculum-
based educational shows include Planets, Tour of the Night Sky and Sunshine Story Time for under five’s.

Workshops and Exhibition trails are tailored to a range of science, maths and geography syllabi and
include Fizzy Flyers and Fizzy Science rocket-building exercises, Earth Under Threat, Earth, Moon and Sun
and the Space Station Challenge.

A pilot project, being run during the academic year 2006–07, is the provision ofGCSEAstronomy for two
local schools. Children will visit the National Space Centre for six days over the course of the school year
to receive presentations that use resources and expertise not available within their school.

The Endeavour Learning Centre is a designated “City Learning Centre” in which Leicester City Council
runs study support workshops for children that have either shown an interest in science and want to learn
more, or children who struggle and need support. 60 children per term attend one workshop per week for
10 weeks.

2.2 Education Programmes oV-site

The National Space Centre provides education programmes directly into schools for 40,000 students
annually.

The Stardome is an inflatable planetarium that travels from school to school and can accommodate up
to 30 children for a 50minute show about the night sky. Up to six shows can be run over the course of a day.

A simulated space e-mission,OperationMontserrat, is carried out in the classroomwith directions coming
from Mission Control at the National Space Centre via video conference. Other video conferencing
programmes, includingLiving andWorking in Space, The Solar System andAsk the Expert are also available
to schools across the UK and abroad.

Themed Loan Boxes, including Rocketry, Earth Moon and Sun and Toys in Space, are available for hire
to schools on a weekly basis.

2.3 Teacher Training & Support

Programmes are far more eVective if the teacher is fully engaged in the subject, has a role to play in the
workshop and is committed to the pre- and post-programme coursework that best exploits the achievements
on the day of the visit or outreach programme. The education team supports agencies such as Local
Education Authorities, SETPOINTS, City Learning Centres and Regional Science Learning Centres in
delivering their teacher training programmes.

Education Preview Events are run as whole day or evening sessions and allow teachers an on-site taster
of all the educational programmes that the National Space Centre has to oVer.
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Teacher INSET Sessions are run to direct and enhance the teaching of space-related areas of the
curriculum.

Curriculum-linked trails and background information are available on the National Space Centre’s
website in a format that allows teachers to print them oV for use in the classroom and enhance the exhibition
learning experience.

2.3 Space News

An exhibition gallery called Space Now, with an associated website, tells “today’s news from space”. An
upgrade of this facility in 2007 will help deliver the news via the latest exhibition technology and with a
dedicated team to deliver live presentation every day.

The new gallery will include the development of a Mars Yard in the adjacent research facility. This is a
simulated Martian surface on which space company Astrium plans to test its prototype rover for the 2013
ExoMarsmission, and onwhich school, college and university groupswill be able to carry out rover building
and testing workshops.

Section 3: Contribution & Impact

The National Space Centre delivers education programmes to many young people and has much
anecdotal evidence from teachers and students that they are of high quality, fulfilling and enjoyable. This
section does not repeat or add to the anecdotal evidence presented in other submissions, but seeks to
summarise the National Space Centre’s quantifiable impact and recommendations as to how this might be
exploited.

3.1 Breadth of contribution (numbers rounded for simplicity)

Of the 50,000 school children that visit the National Space Centre each year, 75% are from within a one
hour drive time that covers the wider Midlands region, and 20% are from a one to two hours’ drive time
that reaches Leeds in the North to Gloucester and North/East London in the South. The remaining 5% are
from further afield.

90% of these children are aged 8–14. 5% are under 8. 5% are 14–19.

10,000 teachers and support staV either accompany children or attend teacher training.

The length of visit is determined by the distance of travel but tends to be three to four hours. Themajority
of groups will tour the galleries and take part in a trail or workshop. 8,000 children per annum take part in
a Challenger Learning Centre space mission.

In 2006 40,000 children took part in an outreach programme at their school. 35,000 received a
planetarium show in the inflatable Stardome or completed a classroomworkshop. 5,000 took part in a video
conference workshop or an e-mission.

60 children per term attend a two hour study support class each week for ten weeks. These are children
who either show a specific interest in the physical sciences and are encouraged to learn more, or children
whose formal education needs additional support in order to attain the required standard. The programme
has been running for four years.

The crew of Space Shuttle STS-121 presented the story of its mission to circa 4,000 young people during
a 10 day tour of the UK organised by the National Space Centre in November/December 2006. This
repeated a similar tour in 2003: the first time that a full astronaut crew had visited the UK.

3.2 Challenger Learning Centre: impact

TheNational Space Centre has been the subject of several studies looking at the impact of diVerent space-
themed learning initiatives on the attitudes and cognition of students. 1. Nearly 20% of the pupils showed an
increased desire to become scientists in the future . . . twomonths later they continued to be more positive about
being future scientist. 2. Studies have shown that positive changes in attitudes towards science are retained by
over half of the participants, for months after a well organised school education visit to the National Space
Centre (Jarvis & Pell, 2004).

3.3 Study Support: impact

Leicester CityCouncil has, for the purpose of informing this submission, completed two pieces of research
to evaluate the impact of study support.

The first is an attitudinal study to assess the impact of the study support programme on the children’s
attitude to science and enjoyment of the course. The results are in raw data form at present but are very
positive.



3553511087 Page Type [E] 12-07-07 01:53:06 Pag Table: COENEW PPSysB Unit: PAG1

Ev 324 Science and Technology Committee: Evidence

The second is an attainment study to compare the performance of the children that have completed the
study support programme with the performance of a control group of children that have not. The results
will be available for the evidence session on 30 January 2007.

3.4 14–19 age group: future impact

The National Space Centre’s current range of workshops has been developed for the 8–14 age group.
Some have been modified for presentation to older children and to adults.

In 2007, and with funding from the Particle Physics & Astronomy Research Council and East Midlands
Development Agency, a programme for 14–19 year olds called Career Pathways &Workforce Development
is being created. Its purpose is to inspire young people to take a greater interest in science and to consider
course and career options that will help them become the scientists and engineers of the future. A pilot
workshopwill be testedOctober 2007 toMarch 2008 before the full programme is integrated into the regular
programme schedule.

3.5 Recommendations

The National Space Centre recommends that Government:

(i) reviews the contribution, and the potential contribution, of the National Space Centre to the support
of formal science education, including teacher development, and in inspiring young people to consider the
course and career options that will help them to become the scientists and engineers of the future;

(ii) considers the suggestion (ref Prof Alan Wells’ submission) that Leicestershire becomes a formal test
bed for developing a continuum of science learning from school to further/higher education using the
National Space Centre as the bridging partner; and

(iii) provides a rolling funding programme for the National Space Centre to develop and deliver high
quality education programmes on a fully-costed basis and without recourse to subsidy from the charity that
runs it.

January 2007

Memorandum 88

Submission from the Department for Education and Skills

Introduction

1. The Government is committed to ensuring that the UK has a strong supply of scientists and engineers
and that young people understand the importance and relevance of science to the world around them. That
is why it has made improving the teaching and learning of science a high priority. Our ambition is to create
an education and training environment that delivers the best in science teaching and learning at every stage.
The Science and Innovation Investment Framework 2004–14: Next Steps, published in March 2006, outlines
a strong programme for stimulating and improving teaching and learning, to improve pupils’ enjoyment of
and attainment in science and the number of young people continuing to study science at higher levels.

2. This memorandum looks at the action taking place to improve science teaching and learning,
including: the Next Steps commitments; the school science curriculum, curriculum enrichment activities;
further education; plans for ensuring that teachers are thoroughly equipped for, and can take a flexible
approach to, delivering the curriculum to inspire students; the importance of space in the science curriculum;
and support for university research.

The Science Education Context

3. The Science and Innovation Investment Framework 2004–14: Next Steps document published inMarch
2006 set new targets to:

— Increase the numbers of young people taking A Levels in physics and chemistry so that by 2014,
entries toALevel physics are 35,000 (from 24,094 in 2005), and chemistryA level entries are 37,000
(from 33,164 in 2005).

— Improve the number of pupils getting at least level 6 at the end of key stage 3 (11–14 year olds).

— Improve the number of pupils achieving A*-B and A*-C grades in two science GCSEs.

— Step up recruitment, retraining and retention of physics, chemistry and mathematics specialist
teachers so that by 2014, 25% of science teachers have a physics specialism (compared to 19%
currently), 31% of science teachers have a chemistry specialism (compared to 25% currently).
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4. There is a robust programme of activity underway to help meet these commitments including:

— Measures to boost the supply of qualified science teachers, including a teacher training bursary of
£9,000 and a “golden hello” of £5,000.

— Improving the quality of teaching and learning through the National Strategies and the network
of Science Learning Centres.

— Piloting 250 after school science and engineering clubs to oVer an engaging and stretching
programme of activities to key stage 3 pupils with an interest and potential in science.

— Giving more pupils the chance to take separate GCSEs in physics, chemistry and biology (triple
science), for example through collaborative arrangements with other schools, further education
colleges and universities.

— Engaging more eVectively with employers and universities on how they can help support
attainment and progression in science to higher education and science careers through a model of
best practice.

— Expanding the Science and Engineering Ambassadors scheme to support teachers and engage and
enthuse pupils to continue studying science. By 2007–08 the total number of ambassadors will be
18,000, an increase of 50% since 2005–06.

— Working with key stakeholders to develop ways to improve the awareness of young people and
their parents and teachers of the benefits of studying science and the career opportunities available
to those with science, engineering and mathematics degrees and other qualifications.

5. This programme of activity will help to improve the overall quality of learning and teaching within our
schools, inspiring pupils to pursue science education post 16 and to go on to careers in the field of science,
technology, engineering, and mathematics.

The Science Curriculum

6. Worldwide, science knowledge is expanding at an unprecedented rate and it is often diYcult to predict
where the next advanceswill come.A good science education should ensure that pupils have the skills needed
to make sense of new developments. All pupils need a suYcient understanding of science and how it will
aVect their lives for the future. Those who will go on to careers in, and related to, science also need a sound
preparation for further study and work.

7. The Government recognises the impact that space can have on inspiring science learning in schools.
That is why the science curriculum enables young people to learn and develop their knowledge and
understanding about the sun, moon and the solar system and how the universe began. In the process, they
learn to develop their practical enquiry and communication skills.

8. The Relevance of Science Education Project (ROSE) in England: A Summary of Findings (2006)
explored students’ attitudes to, interest in and experiences of science in the curriculum. It noted that overall,
girls showed more enthusiasm for topics related to self, such as health issues (like eating disorders), mind
and well being, and boys showed a stronger interest in destructive technologies and events (for example,
how the atom bomb functions). The research also found that boys and girls shared a common curiosity and
excitement about the study of space (stars, planets, black holes, space travel, etc), although boys showed a
slightly higher level of interest in this than girls.

9. The role of the DfES in the curriculum is to set the strategic framework and ensure that pupils have
access to a broad, rich and relevant curriculum. The DfES provides some funding for the development of
resources and works with partners to develop and deliver these. Currently, the DfES is working with the
science education community to develop support for teachers on eVective delivery of the new GCSE
specifications, a model of good teaching practice and models of eVective collaborative working between
schools. These will be rolled out nationally on completion. There is a wide variety of resources available for
use in schools and teachers are free to use their professional judgement to select appropriate materials for
their science lessons.

Key Stages 1 and 2

10. The National Curriculum for science requires pupils to begin to learn about space from as early as
key stage 1, where they learn about light and dark, and the role of the sun as a light source. At key stage 2,
pupils learn that: the sun, earth and moon are approximately spherical; the position of the sun appears to
change during the day and how shadows change as this happens. They also learn how day and night are
related to the spin of the earth on its own axis and that the earth orbits the sun once each year and that the
moon takes approximately 28 days to orbit the earth.
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Key Stage 3

11. The Qualifications and Curriculum Authority (QCA) has developed proposals for reforming the key
stage 3 science curriculum (11–14 year olds). The new curriculum will have a focus on “how science works”
whilst aiming to engage and inspire all pupils and providing a sound basis for further science study. QCA
will be consulting on a draft from February 2007 and the new curriculum will be introduced into schools
for first teaching from September 2008. It is envisaged that the key stage 3 curriculum should enable pupils
to: research, experiment and discuss; pursue an independent enquiry into a scientific topic of interest to
them; use case studies as a basis for finding out about the applications and implications of science and
explore contemporary and historical scientific developments and how they have been communicated.

12. In the current programme of study for key stage 3, pupils learn how the movement of the earth causes
the apparent daily and annual movement of the sun and other stars; the relative positions of the earth, sun
and planets in the solar system; about the movements of planets around the sun and to relate these to
gravitational forces; that the sun and other stars are light sources and that the planets and other bodies are
seen by reflected light; and about the use of artificial satellites and probes to observe the earth and to explore
the solar system.

Key Stage 4

13. A new curriculum for science at key stage 4 was introduced into schools in September 2006. It
maintains the breadth, depth and challenge of the previous curriculum, but has a better balance between
knowledge and understanding. It will lead to new GCSEs, which pupils will sit for the first time in Summer
2007. Among other things, pupils learn about the way science and scientists work within society and the
applications and implications of science. They consider the relationships between data, evidence, theories
and explanations, and develop their practical, problem-solving and enquiry skills, working individually and
in groups. Pupils also develop their understanding and skills in ways that provide the basis for further studies
in science and related areas. In particular, pupils learn that the surface and the atmosphere of the earth have
changed since the earth’s origin and are changing at present; and that the solar system is part of the universe,
which has changed since its origin and continues to show long-term changes.

A Level

14. The A level subject criteria have been revised and updated to reflect recent developments at key stage
4 without reducing the overall amount of content or demand. These changes come into eVect for first
teaching from September 2008. The A Level subject criteria for physics do not specify that space must be
taught in the curriculum, although it may be taught within the context of specified areas of study such as
momentum and quantum theory.

Pupil Attainment in Science

15. The number of children achieving a Level 4 or above in the key stage 2 tests has increased from 69%
in 1997 to 87% in 2006. The picture is very similar at key stage 3, where 72% of pupils achieved Level 5 or
above in 2006, compared with 60% in 1997.

16. At GCSE, 50% of pupils got a good grade (A*-C) in science in 2006, compared with 51% in 2005.
69% of pupils at the end of Key Stage 4 took double science GCSE.

17. The GCSE achievement rate is very high for pupils taking the single sciences. In 2006, 8% took
physics, of which 91% achieved a grade A*-C; 8% took chemistry of which 91% achieved a grade A*-C; and
8% took biology of which 90% achieved a grade A*-C. Of the 534 entries for astronomy, 73% of pupils
obtained a grade A*-C.

18. The latest figures show that 23,657 young people took A Level physics last year. The figures also
show a gender imbalance, with 18,687 boys and 4,970 girls taking the subject. There were 34,534 entries for
chemistry and 46,624 entries for biology last year. In physics 95.7% of pupils achieved a grade A-C last year,
compared to 97% in chemistry and 95.7% in biology. In 2006, 3,599 pupils took other sciences, a category
which included astronomy, of which 96.6% obtained grade A-E.

19. The Government has a set new target for increasing the take up of physics overall—by 2014 entries
to A Level physics to be around 35,000 (from 24,094 in 2005). The DfES is aiming to achieve this through
a range of activity, includingworkingwith the Institute of Physics and Science LearningCentres on practical
ways to encourage more girls to study physics after the age of 16.We are introducing a statutory entitlement
to a course of study leading to two science GCSEs. The intention is that at least 80% of young people will
take at least two science GCSEs. The Department is also exploring ways of improving the information
available to young people, their parents and teachers about the advantages of continuing to study the
physical sciences after 16.
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Curriculum Enrichment

20. It is important that all pupils understand the importance of science and how it relates to the world
around them. The DfES actively encourages schools to give their pupils a broad range of experiences away
from the classroom setting, so they can place science into its everyday context. This includes activity to
encourage the study of science, and might include:

— visits to museums and other venues that have a science focus such as a planetarium;

— field studies and learning about the natural environment;

— observing the night sky;

— using online resources, including webcam pictures and satellite images of astronomical
phenomena;

— using the internet to find out about current developments and issues in science, for example how
human health is aVected by environmental factors;

— using an interactive software package, the internet or CD Rom to explore the solar system or
explore environmental eVects, or model the supply of electrical power and energy loss in a
house; and

— using simulations/spreadsheets to explore models of atomic and molecular arrangements when
studying chemical and material behaviour.

21. The Government is also extending opportunities in science to enable more young people to fulfil their
potential, including: encouraging collaboration between schools, between schools and universities, and
employers; and encouraging schools to oVer more enrichment activity, so that pupils can gain a practical
experience and better understanding of science at work.

22. The Science and Engineering Ambassadors Programme, supported by the DTI and the DfES, sends
around 12,000 role models to schools across theUK. The Programme includes a diverse range of individuals
from over 1000 diVerent employment backgrounds; including some several hundred Ambassadors from the
space, aerospace and the military sector representing companies such as EADS Astrium, BAE, Smiths, and
the global missile company, MBDA, as well as a number of academic astrophysicists. There are also a
number of medical physicists and industrial chemists on the programme. These enthusiastic volunteers go
out into all types of schools, inspiring the pupils and adding to the continuing professional development of
teachers. They play a key role in the Government’s overall strategy to increase the number of scientists and
engineers in the UK workforce.

23. SETNET, together with a consortium of partners including Science Learning Centres, The British
Association for the Advancement of Science, Ecsite-uk (the National network of science centres and
museums) among others, are developing and delivering the after school science and engineering clubs
pilot. The clubs will provide a range of enrichment activities for pupils. They will engage with a range of
partners representing industry/business, Regional STEM Support Centres, and Science and Engineering
Ambassadors. We envisage that the clubs will be an excellent vehicle for promoting and delivering
enrichment activity, including learning about space. The intention is that the clubs will provide a sustainable
and best practice model that can in future be adopted widely throughout the school system.

24. The DfES gave approximately £600,000 over three years from 2003 to 2006 to support the Dill
Faulkes Telescope Project, a joint project with the Economic and Social Research Council. The project
enabled schools to have online access to two giant telescopes in Australia and Hawaii, where they could
observe live astronomical phenomena. Given the sheer size of the sky, students from diVerent schools were
able to observe diVerent parts of the sky, making an important contribution to astronomical research.

25. In partnership with the DTI, the DfES has also funded the National Space Centre in Leicester with
approximately £354,000 over three years (2003–06), as part of our Millennium Science Centre support
funding. The Particle Physics and Astronomy Research Council received £8,500 in 2005–06 from the DfES
to help the fund a project manager to take forward its space education initiatives.

26. In 2004, the DfES became a consulting partner of the BritishNational Space Centre (BNSC), oVering
strategic advice to help move the BNSC educational work forward. Together with the BNSC we worked
with the Particle Physics and AstronomyResearch Council to produce classroom teaching resources for the
Cassini-Huygens probe to Saturn and Titan in 2004. The DfES has also attended UK Space Advisory
Council meetings and helped to bring about co-ordination and focus to the diverse range of space education
activities withGovernment education policy.We recognise the need to continue towork in close partnership
with the BNSC, and will be meeting with BNSC colleagues in the near future to explore how we can build
on our existing relationship.
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Further Education

27. Both science and engineering have been included in the National Teaching and Learning Change
Programme for the further education sector. This aims, through oVering world class resources and subject
specific regional networks, to encourage the exploration of new and innovative teaching methods and
professionally trained and qualified subject learning coaches within institutions, to transform the learning
experience of students.

28. The Quality Improvement Agency, which manages the programme, recently visited the National
Space Centre to explore what opportunities it was able to support in relation to developing further resources
for learners. Themeetingwas successful and there is a possibility that space and the space centre will feature
in future materials.

Continuing Professional Development (CPD) for Teachers

29. Research into the qualifications and deployment of secondary science and mathematics teachers
(carried out by NFER for the DfES and published in January 2006) found that, 44% of secondary science
teachers have got an initial specialism in biology, 25% have got an initial specialism in chemistry and 19%
an initial specialism in physics. The study established that although there was no shortage of science teachers
overall, there were shortages of those with physics and chemistry specialisms. The Government recognises
the need for improvement between the balance of specialisms, and has set a target for increasing the number
of teachers with a physics specialism to 25% by 2014 and with a chemistry specialism to 31% by 2014. A
range of recruitment and retention measures have been put in place to achieve this.

30. The DfES has also funded the Training and Development Agency for Schools to develop and pilot
a CPD programme, leading to an accredited qualification to give existing science teachers without a physics
or chemistry specialism the deep subject knowledge and pedagogy they need to teach these subjects
eVectively.

31. The National Strategies are a major provider of science CPD. They have developed a variety of
blended learning strategies to support science staV’s professional development such as:

— Subject leader development meetings to develop teaching approaches and provide stimulus and
support to subject leaders who can then disseminate to their staV.

— Resources which are self directed (eg science pedagogical pack) which are designed to build
capacity for schools to provide their CPD.

— Consultancy support in school in which consultants work over a period of time with staV to
develop and improve teaching practice through coaching, mentoring, in-class support and
departmental training as appropriate. This is particularly focused on underachieving schools.

32. Recently the Secondary National Strategy has focused its science strand on improving teaching
practices in particular areas that pupils and teachers may find challenging. For example, specific knowledge
areas like geology or improving particular scientific enquiry skills, such as written scientific explanation and
graphical interpretation. It is also providing opportunities for teachers to improve their assessment skills
and ability to deal with the demands of improving behaviour in science lessons. Other current areas of work
include identifying and promoting eVective practice in interactive teaching, including imaginative use of
practical work and support to increase the number of young people achieving level 6! at key stage 3.

33. The DfES is also supporting CPD for teachers on practical work through the national network of
Science Learning Centres (a £51 million initiative, joint funded with the Wellcome Trust). Courses cover
aspects such as making science relevant and exciting, subject specialism and inspiring practical work.
Subject-specific CPD is also available to help keep teachers up to date with their pedagogical skills so that
they can teach their subject eVectively. The training focuses on encouraging innovative and exciting teaching
practice that will enthuse and inspire young people. Science Learning Centres also oVer specific courses
aimed at helping teachers to deliver the space element of the science curriculum more eVectively.

34. In conjunction with the National Space Centre and PPARC, the Science Learning Centre East
Midlands designed a fully funded course where teachers spent a day during the Easter vacation at the
European Space Research and Technology Centre in Noordwijk, Holland, with a follow-up day at the
National Space Centre. The course, aimed at secondary science teachers wishing to update and enhance their
knowledge, teaching of space and related topics such as citizenship, was a huge success.

35. In March this year, the Yorkshire and Humber Science Learning Centre is running a one-day course
about the fundamentals of astrophysics, including the origins and expansion of the universe, gravitation,
measurement and scale and will also outline some of the more recent advances in astrophysics. These topics
fascinate pupils, particularly as they are regularly featured in the media and science fiction. The course will
be relevant to teachers delivering key stage 4 science but will also be appropriate for post-16 physics teachers.

36. During its launch event, the Yorkshire and Humber Science Learning Centre hosted a live
videoconference from space, with the International Space Station, enabling pupils to have live conversations
with astronauts.
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37. The London Science Learning Centre in collaboration with the International Space School
Educational Trust, is running a course entitled “Space Camps”. The course looks at how space camps can
be run in after school or lunchtime clubs, at weekends or during the school holidays. The course is built
around stimulating, hands-on, multi-media based student activities that utilise state of the art aspects of the
human space programme. The course is based around five themes: planning a mission; understanding the
solar system; rocketry and propulsion; living in space; and, landing and living on other planets.

38. The National Science Learning Centre is running a course entitled “Space and the Universe”. The
course will give secondary school teachers a chance to work alongside research and applied scientists and
engineers. Participants will experience space activities to enrich the learning of their pupils and to explore
pupils’ misconceptions about gravity and how these can be overcome. The course will enable teachers to
plan better how they can use space to make science more engaging and attractive in their own school.

DfES Support for University Research

39. With the OYce of Science and Innovation (OSI) in the Department of Trade and Industry, DfES
provides the main funding for the university research base in England, through the “dual support system”.
As the Committee will know, under this system OSI, through the Research Councils, provides funding for
individual research projects, and DfES, through the Higher Education Funding Council for England
(HEFCE) provides funding to universities to help support their overall research base.

40. The DfES arm of “dual support” is delivered as a block grant and universities have—and highly
value—flexibility to use it as they think best to further their individual researchmissions. It is therefore up to
them to decide whether or not to use any of this funding in support of space research and associated subjects.
Funding is informed by assessment of research quality and is consequently known as Quality Related (QR).
Assessment of research quality is currently made via the peer review based Research Assessment Exercise,
which the Committee has examined in previous inquiries.

41. Following consultation with the sector, the Government recently announced (in the pre-Budget
report on 6 December) new arrangements for research assessment to replace the Research Assessment
Exercise after the next exercise in 2008. The new process, of which HEFCE is now undertaking the detailed
development, will use a combination of statistics relating to research income and student numbers and a
bibliometric (statistic relating to research publications) to assess science, engineering, technology and
medicine subjects, including those relevant to space research. The aim of the Research Assessment Exercise
and of the new research assessment process is the same: to identify research excellence in all its forms and
wherever it is found. DfES agrees with DTI that academic excellence is a key strength of the UK research
base, and our policy continues to focus on allowing that excellence to thrive in all areas of research.

42. Today there are 130,000 more young people studying for science related degrees than in 1997–98.
Overall, the Government is raising science spending by over £1 billion in 2007–08 compared with 2004–05.
This is on top of an additional £1.25 billion investment in the previous Spending Review. The Government
is now spending over £10 billion a year on higher education, 20% more than in 1997–98.

January 2007

Memorandum 89

Submission from Space Insight Limited

1. Summary

1.1 This written submission is unusual in that it addresses the need for the UK Space Policy to include
the subject of the surveillance of space. The authors recognise that this subject is not within the primary
scope of the Science & Technology Committee’s review but would argue that without its inclusion, Space
Policy lacks an essential part of its foundations.

1.2 There are regulatory, commercial, and military benefits to the monitoring of space objects.

1.3 UK Space Policy should explicitly include space monitoring. The UK should adopt a national
programme to support its own independent capabilities and to participate in ESA/EU surveillance of space
initiatives.

2. About Space Insight Limited

2.1 Space Insight Limited provides space observation and monitoring services to two UK Government
bodies: BNSC and the MoD’s Defence Science & Technology Laboratory (DSTL). StaV working for the
company have more than 20 years experience in the surveillance and monitoring of space objects.
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2.2 In particular, Space Insight staV were responsible for the design, development, implementation, data
analysis and day-to-day operation of an optical space surveillance demonstrator project run by the Defence
Intelligence StaV. From 1995–2005 this project used five robotic optical telescopes to track satellites in the
higher Earth orbits (including GEO, GTO, MEO, and HEO). These telescopes provided a regular feed of
information to US Space Command. Company staV have been members of oYcial UK Government visits
to the Pentagon, NORAD’s Cheyenne Mountain Complex, and various DoD space surveillance facilities.

2.3 Currently, Space Insight is working with BNSC and DSTL on new space surveillance concepts and
has installed a sensor called Starbrook on anMoD base in Cyprus. The company and BNSC are now using
this sensor to evaluate innovative and eYcient methods for monitoring space objects.

2.4 Company staV are chosen by BNSC to provide expert technical support at ESA meetings and other
forums. For example, company staV are members of the UK delegation to the Inter-Agency Space Debris
Co-ordination Committee, an inter-governmental forum which advises the UN Committee on the Peaceful
Uses of Outer Space about space debris issues.

3. Introduction

3.1 The environment within which Earth orbiting satellites operate is becoming increasingly crowded.
Each year, launches have added new objects to the resident space population of man-made objects faster
than the rate of attrition by atmospheric decay. Whilst the number of annual launches is lower than its
historic high in the 1970s and 1980s, the total number of objects continues to increase year on year.

3.2 Despite this, the monitoring of objects in space is often disregarded when space related issues are
being considered and we would argue that this is a serious omission. There are three primary reasons why
monitoring space activity should not be disregarded; monitoring is needed:

— to check compliance with regulations and good practice;

— to know what is in space and what it is doing; and

— to reduce risk and ensure safe operation.

3.3 We review briefly each of these reasons before examining the current limitations in the UK’s access
to space monitoring information.We then suggest points of emphasis for a future Space Policy which would
remove or lessen these limitations.

4. Review of Rationale for Space Monitoring

4.1 Compliance with regulations

4.1.1 TheUKhas entered into a number of international treaties regarding the use of Outer Space. Treaty
articles place with each State the responsibility and liability for activities in space carried out on its behalf or
by entities based within it; the activities of non-governmental entities require authorisation and continuing
supervision by the launching State. A space monitoring capability can provide an expert witness service in
the event of liability disputes under space law.

4.1.2 The UK, through the Outer Space Act, requires that all objects launched into space by UK
organisations and companies are registered with BNSC. The Act places requirements on the licensee
regarding the conduct of operations and disposal of objects placed in space. To meet its supervision
obligations, the UK requires a capability to monitor compliance with both UK law and international
treaties.

4.1.3 In addition, there is significant international activity towards the establishing of ISO standards for
space object design and debris mitigation. Because satellites are being made ever-cheaper by a wide range
of manufacturers, standards to minimise debris production and to specify de-orbiting timescales are
essential for the protection of the space environment. However, without monitoring, adherence to standards
cannot be audited.

4.2 Knowledge gathering

4.2.1 Surveillance of space is becoming an increasingly important national security issue. There are now
45 countries [1] that have satellites in space and this number will increase as satellite and launch costs
decrease. These satellites have many dual-use (ie civilian and military) capabilities which can be utilised in
times of conflict. For example, ground imaging normally used for crop studies could also be used tomonitor
movement of UK troops in a theatre of conflict—accurate knowledge of the disposition of other nations’
satellites could improve the safety of operations by British forces.

4.2.2 TheMoDacknowledges [2, 3] that it requires a detailed knowledge of the disposition of friendly and
hostile space objects—ie aRecognised Picture for space—to complement its existingRecognised Pictures for
land, sea, and air.
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4.3 Safe operation

4.3.1 Space has been treated as if there were no limits on the number of objects that could be sent into
orbit inmuch the sameway as the skies were seen as limitless in the early days of air flight.With an increasing
number of objects, the assumption of limitless space has ceased to be valid and space control is becoming
recognised as an important issue that can no longer be ignored.

4.3.2 Accidental collisions between objects in space have already been detected. The best documented of
these was the collision in 1996 between the French Cerise satellite and a piece of debris from an Ariane
launch vehicle.

4.3.3 Users of space are largely left to self-manage the safety of the objects that they launch and are
expected to obtain any information regarding other objects already in orbit from their own sources. It is
largely left as amatter of trust that operators obey the license requirements placed on them by law and treaty
obligations.

4.3.4 Clearly the use of space will need to bemore tightly controlled andmonitored in future; space traYc
control will become as necessary as air traYc control is today.

5. Sources of Information and Their Limitations

5.1 Currently, the primary source of data regarding the orbits of objects in space is a catalogue produced
by the US Space Command (part of the US Department of Defense’s Strategic Command). Historically,
the primary purpose of the monitoring of space objects by US Space Command was for ballistic missile
warning, with the generation of a space object catalogue as a by-product. More recently, the importance of
space has been recognized by the US military and the role of US Space Command has evolved to include a
much wider range of activities including space control.

5.2 The US Space Command catalogue of objects is released into the public domain some days after it
is produced, is of limited accuracy, and is deliberately incomplete. For example, the US policy is to withhold
information on objects until their origin is determined. These restrictions result in the information on which
many organisations rely being dated, inappropriate for purpose, or absent. A UK satellite operator cannot
obtain the accuracy that is necessary for tasks such as collision avoidance, and would not know if
information about other objects was being withheld because of US national or third-party interests.

5.3 Recognising the limitations of the US catalogue, the European Space Agency, in conjunction with
the European Union, is looking at setting up its own space surveillance network to provide an independent
source of information better suited to European needs (which include management of, and risk assessment
for, the Galileo constellation). It is expected that proposals for this system will be placed before the ESA
Ministerial meeting in 2008 for approval. Data products from any resultant system will not be available for
some years.

5.4 Within the UK, RAF Fylingdales is the only operational space surveillance radar. The UK’s
operation of this US-procured radar underpins UK access to the US catalogue, as described above.
Although x95% of the radar’s time is dedicated to US Space Command, the UK does have x5% of the
time for national use. We understand that no funding is available for the use of national time on the
Fylingdales radar with the consequence that the UK has not developed the resources to leverage other
benefits from its operation of this valuable facility.

5.5 The high latitude of the Fylingdales radar places restrictions on the detectability of objects launched
from low latitude sites, such as those launch sites in China, Iran, and North Korea.

6. Recommendations

6.1 Space Insight recommends that the UK Government recognises the need for space monitoring and
control as a core activity underpinning theUK’s future utilisation of space andwithout which the other aims
of the UK’s Space Policy may be compromised. Therefore, monitoring of the space population and
awareness of the requirement for space control should be explicitly included in any future Space Policy.

6.2 Specifically, Space Insight recommends that the Space Policy should promote the development and
operation of national capabilities to ensure that the UK civil authorities, armed forces, and non-
governmental organisations can obtain appropriate information of known provenance about the space
population and the space environment. The UK should initiate a national programme to support the
existing optical space surveillance activity, to fund use and exploitation of national time on the Fylingdales
radar, and to expand monitoring coverage.

6.3 With its experience and expertise, the UK is well placed to take a central role in planned EU/ESA
surveillance of space initiatives. The Space Policy should commit to full participation in these initiatives at
the earliest opportunity with the aim of providing the UK with monitoring information about space from
a balanced portfolio of national and European capabilities.
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Memorandum 90

Submission from the Aviation Environment Federation

The Aviation Environment Federation is a UK-based NGO working to control and reduce the negative
environmental impacts of all forms of aviation. We work with citizen groups and a wide range of other
NGO’s assisting with campaigns, policy development, communication activity and Government and
institutional-facing advocacy on a worldwide basis. The AEF administers and provides observer status
representation at three key bodies: The UN International Civil Aviation Organisation, the European Civil
Aviation Conference both concerning the environmental performance standards of commercial and general
aviation; and the UN World Health Organisation on transport, environment and health issues.

Space policy is an area that we have not previously entered into but are grateful for the opportunity to
comment. Our main concerns are the environmental impact of activities in space; the opportunities for
technology transfer from space R&D and operations back into commercial civil aviation design,
manufacture and operations; and the pointless eVorts being put into space tourism.

We would like to comment on environmental impacts and space tourism for this inquiry. Firstly a
few general comments regarding space exploration, manned or otherwise, and the perceived lack of
environmental performance standards and oversight both during launch/recovery, flight and inter-planetary
transit/activity, including manned and remote landings:

— Environmental impact assessment in respect of launch site development and construction should
be mandatory and studies published.

— The environmental impact of space launch and craft emissions in flight should be studied; as
should the impact of space debris and all “leave behind” surface debris, intended or otherwise, on
other planetary bodies.

— We are concerned about the application of nuclear power for space exploration and its safe use—
again risk assessments should be publicly available.

— We understand that substantial risk assessment programmes are undertaken for both government
and commercial space launches of all types—these should be published to ensure the sector’s
compliance with the concept of ALARP at least and should include third party and societal risk
as well.

— All launches for all space activity should be insured—we understand cover through specialist
insurers is available for around 25% of the total cost of a launcher, satellite payload and launch
costs, with Government cover as a last resort.

— We believe current planning, health and safety and general environmental protection policies are
applied satisfactorily to the manufacture of most launchers and satellite programmes but have
some concerns about fuel production, transport and storage; we also have concerns regarding the
safe disposal/recycling of old rockets, fuel tanks, launch towers, pads and sites in general.

We are happy to acknowledge the significant contribution that wholly peaceful, scientific space
exploration and research has made to mankind’s knowledge, particularly in the field of climate change
impacts. More eVort needs to be made to ensure these continuing activities are as environmentally benign
as possible.

We would encourage the UKGovernment to conduct a desk research review of the points we raise above
and instigate a discussionwith a view to develop, as aminimum, a voluntary environmental charter for space
exploration and tourism and further a realistic, unambiguous set of internationally agreed environmental
performance rules and regulations as a best case outcome for all future space programmes.

The second area we wish to comment upon is Space Tourism. We view this as an utterly frivolous and
unnecessary enterprise. This is a Virgin Galactic statement regarding its environmental impact:

“What eVect will Virgin Galactic have on the environment?

Space access and exploration is and will continue to be a key component in our ability to understand,
measure and better manage the eVects of climate change on earth. Already, much of the early evidence
of the causes and eVects of a warming planet has been derived from satellite technology not to mention
its fundamental impact on meeting the basic requirements of a burgeoning global population.
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However, the technology that still delivers payloads and people to space has a high negative
environmental impact and has remained essentially unchanged for half a century. Virgin Galactic is
investing in a space access system that is radically diVerent from what’s gone before and many times
more environmentally friendly. This, and the future technology that it inspires, will allow man to
continue to reap space related environmental benefits without making an unacceptable contribution
to the environmental problem.”

This statement is just public relations guV—no facts, no figures, no assessment, simply a vacuous
paragraph. Taking payloads of the very rich for what is tantamount to a joy ride in the atmosphere and
attempting to link this to real scientific endeavour is risible nonsense.

At the moment, space tourism is limited to one company, Virgin Galactic, and its plans for limited joy
rides into the earth’s atmosphere from launch sites in California and in New Mexico, USA. The US
Government and the Federal Aviation Authority have recently issued a set of rules governing such activity,
“Human Space Flight Requirements for Crew and Space Flight Participants; Final Rule”. We attach a pdf
copy of this document for the Committee’s information.

This contains a set of rules the key ones of which are:

— All crew and passengers will have to sign a waiver exempting theUSGovernment from any claims.

— All passengers will have to undergo medical checks and some pre-flight training.

— Safety records have to be maintained.

— On-board safety systems are documented.

We would describe this document as “light touch” regulation designed to help a fledgling industry
establish itself—this has been the lobbying strategy adopted by the proponents and supporters of leisure
space flight activity.

Whilst the noise, air quality and climate change impacts of launches fromMojave in southern California
or the “spaceport” in NewMexico may well be very low, for the first few launches and passenger numbers,
we would suggest that beyond the first few flights and in particular if and when ticket prices fall to levels
significantly below the current $200,000 forecast and/or the first 1,000 passengers have been carried annually
by Virgin Galactica, then normal commercial air transport standards of design, safety and environmental
performance certification should apply although they may need to be adapted appropriately.

We list below at Annex 1 a selection of media reports which give a flavour of the regulatory debate and
the size of the market for space joy rides for Member’s information.

In conclusion with regard to so-called space tourism we feel that:

— Space tourism is the play thing of millionaires and is totally unrelated to any recognisable scientific
endeavour or discipline whatsoever.

— Light touch regulation is acceptable only when numbers of flights and passengers are very small
in number.

— Normal commercial air transport standards of design, safety and environmental performance
certification should apply once 1,000 passengers a year are carried although they may need to be
adapted appropriately.

— We view this as a rather pointless activity for thrill-seekers with more money than sense with little
value for society at large. In fact, the only value we can see is that of the associated publicity for
those brands involved.

February 2007

Annex 1

SELECTION OF MEDIA REPORTS IN RESPECT OF SPACE TOURISM

http://news.bbc.co.uk/1/hi/sci/tech/4589072.stm
January 2006: US Draws up space tourism rules

http://www.space.com:80/news/050420 faa hearing.html
April 2005: Rutan: Space Tourism Will Thrive, But Regulations Hinder Progress

http://www.msnbc.msn.com/id/5226424/
June 2004: Historic rocket powered by rubber fuel: Hybrid ingredients easier to use and less toxic

http://www.thespacereview.com/article/18/1
April 2003: RLV regulation: licensing vs. certification

http://www.msnbc.msn.com/id/3077803/
April 2003: Private space race, public hurdles: Regulations may hamper eVorts to prove technology
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Memorandum 91

Submission from the Spacelink Learning Foundation

Statement of Need

The UK is facing ever-increasing competition in the global economy and the Government recognises the
need for UK companies to be staVed with innovative and technologically aware people.

There is an urgent need to ensure a flow of well-motivated high quality young people going from schools
and university into Science, Technology, Engineering and Maths careers and to prepare young people for
the technological world in which they live.

Decline

There has been a drastic decline in the output of graduates from UKUniversities in core STEM subjects.
Declining student demand for STEM subjects at undergraduate level has played a pivotal role in the demise
of a number of University STEMDepartments, for example Chemistry at Exeter, King’s and Queen Mary
College, London.

This shortage of STEM graduates is likely to lead to unwelcome consequences for the competitiveness of
UK companies and the living standards of the UK population relative to that in competitor countries.

The Spacelink Learning Foundation

The key educational objective of SLF is to make STEM subjects more attractive to students aged 13–18
years in schools.

SLF is a not-for-profit British company limited by guarantee, not having a share capital and Registered
in England andWales as a Charity (No 1080879). It was established in 2000 because of its experience, based
on earlier research and trials, that the use of space-related data and artefacts assists in the teaching of STEM
subjects in schools in a number of ways:

— Through improving the motivation of students and their enjoyment of learning.

— Through providing a better understanding of the subject matter.

— Through involving students with modern operational systems.

This is a new educational concept which we call “Learning through Space”.

Much of the problem arises from a perception amongst pupils that scientific subjects are not only diYcult
but also boring. Few have any ideas about what possible careers are open to scientists and how exciting
science can be.

SLF plans to tackle these problems by pursuing the following educational objectives:

— To use space and its associated technologies to motivate students aged between 13–18 years to
study STEM and related subjects within the National Curriculum.

— To assist in the teaching and learning of these subjects by making the teaching materials more
exciting and relevant to the modern world.

— To provide teachers with a comprehensive support service. Delivered via the internet, it will
contain all the materials they need to meet their curricular and examination requirements and
provide worthwhile after-school activities.

— To build flexibility into the service so that it can readily accommodate any future changes in the
curriculum.

The Plan

SLF’s plan is to develop a comprehensive Spacelink Service. This on-line web-based service will be
available potentially to teachers and students in all schools, initially in the UK. The Service will comprise
the following modules within a new range of stimulating and exciting resources and support services:

— Interactive curriculum-related Learning Resources to support the classroom teaching of STEM
and related subjects, initially for the National Curriculum for England. The Learning Resources
will use space-basedmaterials and data from existing live satellites tomake themmore exciting and
relevant to students. They will allow a coordinated approach to the teaching of STEM subjects,
demonstrating the links between them.

— Support services thatwill enable teachers tomake themost eVective use of theLearningResources,
including on-line teacher development, in-service training and operational support.

— A web-based delivery system.
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— Possible access to educational payloads on live satellites to bring teachers and students into direct
contact with high-technology systems.

— Club programmes and activities for out of school hours to enhance and enrich classroom work.

— The Helen Sharman Programme named in honour of the former UK astronaut and a Spacelink
Patron. This will provide the latest news about space and its developments to attract, widen and
deepen the interest in Spacelink amongst teachers and students.

Subscriptions

SLF’s Business Plan is to deliver the Service to up to 2,200 subscribing schools in the UK within eight
years of beginning the Development Programme.

The subscription charges for the Service have deliberately been set to be aVordable to schools and will
start at only £50 pa for 10 Learning Resources plus the supporting elements shown above. This will rise to
£200 pa for 75 Learning Resources and £260 pa if data is provided from educational payloads in space. SLF
plans that the Service will become self-financing through income from subscriptions, sales and advertising
once the costs of development have been met.

Commissioning Process

The Spacelink Service will be developed as a number of modules but commissioned in three major phases.

Each module will be fully tested and validated before moving forward. Each major phase will comprise
three components which will be implemented in parallel, viz:

— Developing/commissioning modules of the Service.

— A Market Development Programme.

— Provision of the Service to schools and other users.

Inauguration Phase (Years one to three)

— The Inauguration Phase will cover a period of 27 months.

At this stage, SLF would have a “Basic Service” which would familiarise teachers and students with the
use of space materials in the curriculum teaching of STEM subjects.

The Total Estimated Cost of the Inauguration Phase is £1.7 million over the 27-month period.

First Enhancement Phase (Years two to six)

SLF plans to begin the First Enhancement Phase after one year of the Inauguration Phase to provide
maximum continuity to the programme and to minimise the total elapsed time.

At the conclusion of the First Enhancement Phase, SLF would have a fully-operational on-line service
for UK schools and possibly some English-speaking schools overseas using the same curriculum.

The total estimated cost of the First Enhancement Phase is £8.7 million over a 52-month period, which
could be reduced to £5 million if no educational payloads were developed and launched.

The Second Enhancement Phase (Year 6 and beyond)

In the Second Enhancement Phase, SLF’s priority would be to maintain the continuity of the Service
developed during the Inauguration and First Enhancement Phases. At this time, the Service would be self-
financing, providing that the target numbers of schools had become subscribers.

The Benefits of the Spacelink Service

The following important and lasting benefits would result from a successful fundraising initiative and the
development and implementation of the Spacelink Service:

STEM and related subjects should become at least as attractive as other subjects post GCSE. This will
help to stem the downward spiral in the number of students taking science subjects at A-level. For similar
reasons, the Service would also enrich the work of those Specialist Schools with STEM subjects in their
specialisms.

If Spacelink is successful in its objective of encouraging 2,200 schools to subscribe to the Service by the
end of the First Enhancement Phase, we estimate that at least 100,000 students per year in the UK, of all
ability levels, would have access to improved STEM education in curriculum subjects, plus all the extra-
curricular features outlined above.
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Students’ ability to relate their studies to the real world around them will be enhanced. This is a well-
established route to improving student motivation and enjoyment of learning. There will be benefit both to
the students themselves and to society in general if fewer students become disaVected and disillusioned with
school and learning.

The Service will also be available to other potential users, such as those engaged in life-long learning and
hobby groups. These groups will benefit from a more fulfilling study/learning experience.

Because of its specially-developed training and support services for teachers and the opportunities for
Continuing Professional Development (CPD), the Service will reduce the burden on teachers and help in
the recruitment and retention of teachers of STEM subjects. It is probable that the Spacelink Service will
engender widespread international interest during the First Enhancement Phase and lead many countries
to wish to participate in a collaborative initiative. This is likely to increase the number of options for the
further development of the Spacelink Service and allow for lower fees for UK schools.

The Campaign

Because of the urgent need to tackle the problems of the teaching of STEMsubjects in schools, highlighted
above, SLF obtained limited funding to allow a start to be made on the Inauguration Phase in February
2006. The Centre for Science Education at SheYeld Hallam University was engaged to develop typical
space-based Learning Resources and then trial them in five schools in SheYeld, Derbyshire and Leicester.
Feedback from the teachers and students involved was very positive: teachers liked the fact that they could
“use the lessons right oV the shelf”; students found the lessons fun to do and interesting. This demonstrates
that the Spacelink vision can become a reality for typical students in the UK. Whilst these results are
extremely encouraging, what has been created so far is insuYcient in volume to form the basis of a service
which could be oVered to all schools in the UK. Thus it will not alleviate the problems identified, far less
improve the competitiveness of the nation.

SLF is planning a fundraising campaign to raise the funds required to sustain the project until it becomes
self financing. A strategic plan for fundraising will be prepared based on a full understanding of the whole
donor constituency and of the range of fundraisingmethodologies which are available.During the campaign
a number of approaches will be made to Trusts, Companies and Individuals, who will be asked to support
the campaign that will help us to launch and establish this important educational resource for the nation.

February 2007

Memorandum 92

Submission from Professor Colin R McInnes, Department of Mechanical Engineering,
University of Strathclyde

SPACE POLICY INQUIRY

1. Introduction

1.1 This invited submission provides a short discussion of future visionary space activities and the
opportunities which they may present. The submission does not focus on near-term policy issues but
attempts to provide the committee with an overview of speculative, but plausible long-term space
developments. The author has contributed to numerous industry and space agency studies of future space
mission concepts and technologies.

2. Future Visions

2.1 Predicting future trends in science and engineering is a notoriously diYcult exercise. The best which
can be expected is to identify plausible futures and to highlight any common themes which arise. There is
an extensive list of technologies which were confidently predicted at the beginning of the 20th century but
never arrived, and an equally long list of totally unsuspected technologies which are now commonplace.

2.2 Future visions for space exploration and exploitation abound. Most centre on large-scale
industrialisation of space for resource exploitation. Such visions consider space exploration as a precursor
activity. Examples of such visions include the extraction of Helium-3 from the lunar regolith for terrestrial
fusion reactors, processing lunar material to fabricate large solar power satellites and extracting rare metals
from near Earth asteroids. Many of these visions foresee private capital driving future space exploitation
rather than government programmes.
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3. Space Access

3.1 A key theme for the future exploration and exploitation of space is low cost access. The current high
cost of delivering payloads to Earth orbit is widely recognised as the main impediment to future large-scale
space development. Future options include lowering the cost and increasing the performance of expendable
launchers (such as the Ariane series) or developing advanced re-useable vehicles (such as single-stage-to-
orbit space planes).

3.2 More visionary concepts include so-called space elevators (orbital towers) which oVer the possibility
of extremely low cost space access. Orbital towers require the deployment of a long tether from
geostationary orbit downwards to a fixed point near the Earth’s equator. Payloads then ascend the tether
from the surface of the Earth to geostationary orbit or beyond. While tether materials of adequate strength
do not yet exist, the orbital tower concept in principle oVers a means of rapidly accelerating space
development by lowering costs.

4. Resource Exploitation

4.1 Space-based solar power has been discussed for many years, with a range of studies performed by
government agencies and industry. Extremely large collectors in Earth orbit convert sunlight to electrical
energy and then transmit power to the surface of the Earth for collection. These schemes provide almost
limitless power without emissions. However, the scale of engineering required would likely necessitate
manufacture using lunar derived materials rather than direct launch from Earth.

4.2 The extraction of Helium-3 from the lunar regolith has been proposed as a commercial venture to
provide fuel for terrestrial nuclear fusion reactors, when such devices become operational. Almost absent
naturally on Earth, Helium-3 extracted from the moon could conceivably be a catalyst for large-scale
industrial space activities. While only a modest mass of material would be returned to Earth, large volumes
of regolith would be processed to extract the isotope. Helium-3 has several key advantages over the
conventional fusion cycle.

4.3 As the cost of some rare metals grow due to recovery from increasing diYcult geological conditions,
metal-rich near Earth asteroids are considered to be a potential resource for future exploitation.While direct
return of material for terrestrial use can be envisaged, it is perhaps more likely that such resources would
be used for other large-scale space activities, such as the fabrication of solar power satellites.

5. Climate Engineering

5.1 A range of large-scale engineering ventures have been proposed as a means of mitigating the eVect of
climate variability. One such venture proposes the deployment of reflectors along the Sun-Earth line in order
to reduce the flux of heat from the Sun by a modest amount to oVset the predicted eVects of climate change.
Again, industrial-scale space activity would likely be required in order to fabricate and deploy a suYcient
total area of reflectors. It is interesting to note that the estimated cost of such ventures could be considerably
less than that of the net economic impact of climate change on global GDP.

5.2 An even more ambitious concept envisages the manipulation of planetary climates in order to render
them more suitable for human activity. So-called terraforming schemes are envisaged as a means of
engineering the climate of Mars by increasing the density of the atmosphere and hence raising the surface
temperature in a positive feedback process.

6. Future Possibilities

6.1 While the concepts discussed above are clearly speculative, it is of interest to note the recent
convergence of commercial space tourism, a renewed interest in human space exploration in the US and
growing space ambitions inAsia. One can envisage an increasing humanpresence in space driven by political
considerations, with the initial government investment in new exploration technologies being utilised by
private capital for future space exploitation.

6.2 Aside from economic considerations, it also possible to speculate as to future geopolitical issues.
Orbital towers delivering space-derived energy and material resources to anchor points near the Earth’s
equator would represent a quite diVerent future to the present day oil economy centred on the Middle East.
Similarly, large-scale private capital investment, wealth creation and a growing human population in space
would bring new challenges to the concept of the nation state and the reach of government.

7. Conclusions

7.1 Future space exploration will likely continue to be driven by government programmes. However,
future space exploitation is likely to be driven by private capital. In order for such commercial exploitation
to succeed, tradable commodities of high market value are required. While it is clear that space oVers
essentially limitless energy and material resources, it is not clear at present how such commodities can be
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accessed within the usual timescale of commercial returns. Rising terrestrial energy and resource prices may
drive future space exploitation by increasing resource market value, while reduction in space access costs
may lower the threshold for investment.

7.2 The scenarios discussed above provide a speculative view of possible futures where space exploitation
follows from present day space exploration. Given the long-term nature of the space development, but the
vast potential returns, theUKwould be advised to ensure a strong presence in international space activities.
In addition, the UK must broaden national space interests from pure space science to include long-term
space infrastructure and human spaceflight. A true national space agency to ensure continuedUKexcellence
in space science, while developing a longer term view of space development, would be a useful step.

February 2007

Memorandum 93

Submission from ESA (European Space Agency)

ESA Answer to the UK Science and Technology Committee Inquiry into UK Space Policy

Q 1. To what extent does the internal organisation of space activities within a Member State aVect the way
in which ESA works with that Member State? Has ESA had any diYculty in working with the UK, given the
“partnership” nature of the BNSC? Which BNSC partners does ESA work with most closely?

Answer:

The internal organisation of space activities in UK is of a particular nature. It is clear that the elaboration
of a position for an ESA delegate body requires coordination among relevant “partners” in BNSC.

From the Agency’s point of view, the process seems to work properly in preparation of the ESA Council,
even if it can appear heavy on the UK side.

At the Science Programme Committee, the UK contributions to discussions and decisions are always
informed and well-presented. During discussions on diYcult issues, UK delegates frequently take a steering
role and in many instances a decisive role; some examples are: the decision that ESA should not get involved
in Spectrum X-Gamma in 2002, the contribution of the delegation to the reconstruction of the programme
in 2003, the setting up of the Herschel/Planck review in 2004, the approval of MIRI for JWST in 2005, and
the approval of GAIA in 2006. Equally, on occasion, such as in 1995, the UK delegation working in SPC,
Council and, ultimately, at the Council at ministerial level have reduced European capability. The UK
played a pivotal role in reducing the programme budget. The imposition of cash-limits for six years
following the Council at ministerial level in Toulouse (1996) resulted directly in an almost 25% smaller
programme today than a decade ago.

However, at the Council at ministerial level 2005 in Berlin, UKminister Lord Sainsbury was instrumental
in achieving the increase of 2.5% annually for the Scientific Programme, in particular considering that other
big contributors were very reluctant to grant such an increase.

In the interaction with the ESA Earth Observation directorate, the unique structure of the BNSC
partnership is seen to bring a number of advantages:

BNSC is able to represent UK interests with a single voice and coherent positions. At the same time it
works as an eVective and useful communication channel to some of its partners who play an important role
in the European EO landscape, namely:

— Met OYce and DEFRA, as user organizations providing requirements and exploiting the results
of EO missions;

— NERC as a driver in defining Earth Science programmes and assessing their return;

— RAL for the development of key technologies and innovative instruments.

But the structure of BNSC is in one sense “ahead of its time”: it puts user departments in the lead which
is positive and encourages the user voice on issues such as GMES by making them responsible for the lead
in this area. But when they are not yet mature users, this may become a drawback: they may be uncertain
and rather frightened about the potential consequences. The Agency has seen a number of such cases, last
but not least important the UK position on GMES at the 2005 Council at ministerial level in Berlin.

For mature users of space, such as PPARC, NERC and Met OYce this system works very well, but for
developing users such as DEFRA it seems too intense and rapid a transition for them.

DEFRA, for example, has many responsibilities and its role in space is internally a very minor one. It
would need to be given the confidence to act with the authority with which it has been invested, and the
resources to go with it.
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The ESA Telecommunications programme ARTES (Advanced Research in Telecommunications) is
widely recognised as an eVective tool for the support and benefit of the UK and its industry with research
and development projects being undertaken in “partnership” with co-funding UK industry. Since 1998,
ESA ARTES co-funded contracts with industry have been placed for a value of almost 200 Meuros
(ESA price) of which contracts placed with Astrium UK, the main UK industrial partner for ESA
Telecommunications, amount to around 113 Meuro (ESA price).

UK investments in ESA Telecommunications allow the UK industry to maintain technical centres of
excellence in the UK for payload systems, equipments manufacture and testing facilities aimed in particular
at new services and technologies such as global broadband systems.

The ARTES programme is credited with generating high economic returns for theUK industry in the last
five years, in particular for Inmarsat-4 which has included space segment, ground segment and the complete
value chain including operations and services. ARTES has also included innovative contracts, eg supporting
Eurostar 3000, Ion Propulsion thrusters and the Highly Adaptable Satellite—Hylas—(Avanti/Astrium) for
interactive broadband services, ia.

For the near future, in addition to an extension of the usual ARTES-3 and ARTES-4 co-funded
“partnership” programmes, the new ARTES Alphasat Programme planned to start in mid 2007 oVers an
opportunity for the UK operator Inmarsat and its industrial partners for flight and operations of Alphasat.
UK participation and investment will enable an extension of the Inmarsat fleet and its communications
service capabilities.

Q 2. How much has the UK invested in mandatory and optional programmes within ESA over the past ten
years? How does this investment compare to the contributions made by other Member States?

Answer:

Today, the weight of the UK in mandatory programmes is commensurate to the relative weight of its
GDP, ie 16%, which makes UK the second contributor to mandatory activities, below Germany but above
France and Italy.

The weight of the UK in optional programmes is around 5% of total ESA optional programmes.

On average, UKparticipation to the total of ESA programmes is 8%, which is close to Spain andBelgium,
and much below France, Germany and Italy. This is a big anomaly among ESA Member States, which
usually contribute at equal or higher percentage level to optional programmes compared to mandatory.

The question can be raised whether such an important Member State as the United Kingdom, with such
high standing in the domains of space research and development, should not further enhance its funding
support in comparison to the other main shareholders. Below is a table comparing, in absolute numbers,
the overall investment of the UK in ESA with France, Germany and Italy, the three biggest contributors to
ESA, which have comparable population and GDP with the UK (figures in EURO).

Years UK Italy France Germany

1997 158,019,971 310,405,356 741,442,044 531,870,182
1998 164,308,336 259,741,025 599,975,765 560,178,230
1999 182,743,659 298,183,832 578,537,747 550,452,256
2000 164,230,925 303,683,929 641,797,551 576,381,054
2001 146,775,085 369,700,717 645,742,325 557,898,955
2002 165,786,736 357,785,429 687,721,345 617,195,930
2003 205,985,361 370,627,535 771,131,212 606,255,958
2004 190,204,663 284,397,173 686,659,000 528,064,665
2005 219,290,696 371,813,465 743,284,635 576,256,085
2006 207,620,143 346,525,668 758,931,258 566,654,000
Total 1,804,965,575 3,272,864,129 6,855,222,882 5,671,207,315

Q 3. What action has ESA undertaken in order to establish a European Space Education Resource OYce in
the UK?

Answer:

The first meeting between ESA and “Yorkshire Forward” (YF), a Regional Development Agency
(RDA), took place in June 2005.

Following that meeting, ESA formally notified the BNSCDirector General of the on-going contacts with
YF. ESA and BNSC invited YF to consider their plans as inclusive of all the key players in the United
Kingdom who were involved in space related education aiming at bringing cohesion to a diverse array of
space education initiatives and creating a network for space education.

Late September 2005, YF submitted to ESA an unsolicited proposal to manage and finance, the ESERO
pilot phase in the UK.
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An ESA-YF bi-lateral meeting was held in Bradford on 9 November 2005 to explore the opportunity. A
debriefing meeting between ESA and BNSC was held in London on 10 November.

In October 2005, the BNSC Partnership commissioned a report “Bringing space into school science” by
Prof Martin Barstow of Leicester University. One major recommendation was the creation of a single
advisory body/OYce to coordinate space education across the UK. On 16 February 2006, BNSC
Partnership and YF convened, at the National Space Centre in Leicester, a meeting to discuss the Barstow
report and the ESERO project.

ESA, in agreement with BNSC, invited, inMarch 2006, YF to submit a proposal, based on non-exchange
of funds, for the management of the ESERO pilot phase in the UK, in accordance with the terms and
conditions outlined in a Statement of Work.

A proposal was submitted late April 2006 and has been reviewed by BNSC and ESA. Consequently, late
June 2006, ESAhas invitedYF to administer a research and consultative/study phase (6months) to establish
the pattern of distributed “ESERO contact points” in the United Kingdom.

The start of the subsequent consolidation (six months) and operational (12 months) phases would then
be decided, upon satisfactory outcome of the consultative/study phase. Moreover, in view of a possible
continuation of the UK-ESERO project beyond its pilot phase, ESA and BNSC wished to be presented, as
part of the strategy plan, with a comprehensive financial forecast for the operation of the project.

Present status and the way forward:

The delivery of the outcome of the consultative/study phase is expected lateMarch 2007. It will be mainly
based on a wide stakeholder consultation that was initiated in November 2006.

In order to accompany first the consultation phase and later the subsequent phases, two bodies were
installed:

— “Contract Management Group”. It is composed of ESA, BNSC Partnership and YF senior
representatives. Its main task is to ensure the proper implementation, governance and quality of
process. The Group met in November 2006.

— “Interim Advisory Group”. Its mandate is to advise YF on the consultation among stakeholders
on the most appropriate UK space education/ESERO infrastructure; to recommend to YF, in the
light of the consultation findings, the priorities for the development of the UK space education/
ESERO infrastructure; to advise on a marketing & communications strategy and finally to inform
the BNSC Partnership, ESA and YF on the development of a UK strategy for space education.
(Please see annex 1. for present members.)

Annex 1: members of the Interim Advisory Group, background information on ESERO.

Q 4. What discussions has ESA had regarding establishing a major facility in the UK? Is the establishment of
a major facility in the UK likely in the near future?

Answer:

At the occasion of his meeting with the ESADirector General on 31 October 2006, the UKminister Lord
Sainsbury proposed a reflection on a future ESA engagement in specific UK centres to strengthen both
ESA’s visibility in the UK and UK’s engagement in ESA. Following this action, a meeting has taken place
on the occasion of the visit of an ESA Delegation to RAL.

The initiative has been warmly welcomed by ESA DG, who mentioned that UK is currently not holding
a place among the ESAMember States which is appropriate to its political influence as well as its capacity
and capabilities (see question 2). After having had first reflections with ESA Directors he mentioned the
following points for a common understanding:

1. A long term investment of ESA in the UK should correspond to a long term investment of the UK in
ESA, above its current commitments.

2. The criteria for selecting such investments should therefore be the following:

— Serving the UK interests, ie being consistent with UK Space Policy and plan.

— Serving the ESA common interests, ie being consistent with the ESA Long Term Plan.

— Making best use of and creating synergies with technical expertise existing and demonstrated by
the selected UK campus.

— As far as possible, corresponding to types of expertise and activities not yet existing inESA centres,
in order to avoid either duplication or transfer.

3. According to the preliminary discussion inside ESA the topics/field of activities could be the following:

— Science (UK second largest contributor to ESA).

— New applications (integrated applications) and technology development.

— Exploration.
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Since there is an urgent need of a convergence between UK’s and ESA’s interests a joint UK-ESA
Working Group has been set up in February 2007 to elaborate in short time the details for a proposal.

The UK representatives agreed on all points above and included in the set of selection criteria that the
benefits for UK should be demonstrated and benchmarked against investments in other fields of research,
innovation should be a driving force and therefore technology transfer potential should be an important
criterion also. The formof integration of ESA investments into a campus could remain open and be explored
for the best fit (collocation etc) after identification of suitable activities.

TheUK-ESA jointWorkingGroupwill investigate the potential activities for anESA engagement inUK,
associated to a long term commitment of UK in the relevant ESA programmes along the agreed set of
criteria. TheWGwill be composed of two to three senior participants fromUKand senior participants from
ESA Directorates. A mid term report is expected by mid of April (presentation probably on 24 April 2007
in London) and the final report will be delivered by 31 May 2007.

Q 5. To what extent does ESA coordinate its technology transfer programme with national technology
transfer initiatives?

Answer:

ESA’s Technology Transfer Programme is managed by the Technology Transfer Programme OYce
(TTPO). The main mission of the TTPO is to facilitate the use of space technology and space systems for
non-space applications and to further demonstrate the benefit of the European Space Programme to the
European citizens.

The ESATTPOworks through a network of technology brokers in the majorMember States. In the UK,
JRA is ESA’s broker. JRA:

— Facilitates the promotion and transfer of UK and European space based technologies into
European (non-space) markets.

— Identifies UK non-space technology needs that the European space industry might be able to
satisfy.

Synergywith otherUKTechnology Transfer Initiatives is sought: through JRA the TTPO integrates with
wider national UK initiatives such as the Innovation Relay Centres, business incubators and
entrepreneurial events such as Venturefest.

ESA TTPO also supports (though not financially) the UK’s Knowledge Transfer Network (KTN)
through the Kite Club (run by Qi3) which focuses on transfers from and within the UK space sector on
behalf of PPARC and BNSC.

In the future, cooperation between JRA and Qi3 will ensure that ESA, BNSC and PPARC requirements
on technology identification andmarketing and opportunities for knowledge and technology transfer in the
space sector, as well as the promotion of UK space technologies to the non-space sector both inside and
outside the UK, are integrated to achieve maximum cooperation and find synergies to avoid duplication of
money and eVort.

Based on the success of nationally orientated projects in theUK (such as Symmetrica, ThruVision, Anson
Medical etc), ESA TTPO aims to promote further synergy and opportunities through its National
Technology Transfer Initiative (lines of business).

Such collaborationwill lead to new feasibility studies and development projects, as well as new businesses,
spinouts and licensing of technologies.

In light of the cooperation, JRA and Qi3 with the support of ESA will organise a TTP UK event on
28March. For the future, integration of newUKbased incubation centres related to space into the ESINET
(network of incubation centres with a space focus) is sought. ESINET will be managed by EBN (European
Business Network).

Establishing an ESA presence in the UK (see question 4) would further improve synergy between ESA
and national technology transfer.

Q 6. Which ESA programmes are covered by the principle of juste retour? How is the under-return of juste
retour to the UK being addressed? We would be grateful if you could provide us with statistical information
detailing the level of UK investments in ESA programmes and the corresponding value of contracts awarded
to UK industry during the period 1996–2006.

Answer:

All ESA programmes are covered by the principle of fair distribution of contracts among ESA Member
States. A principle of hierarchy of return rules has been adopted byCouncil in June 2005, according towhich
the overall return is prevailing over the individual rules established at programme level. The minimum
overall return has been fixed at 0.94 at the end of next five-year period, while the minimum per programme
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is 0.84. This approach increases the flexibility, allowing a maximum display of competition. As a matter of
fact, the fair distribution of contracts is only one of the four objectives of the ESA Industrial Policy; these
are: 1. Cost eYciency. 2. Competitiveness. 3. Fair distribution of contracts. 4. Competitive bidding.

The principle of fair distribution is not applicable to programmes implemented by ESA for third parties,
or for the share of programmes where non-ESA contributions are injected.

The evolution of cumulated contributions of the United Kingdom, expressed as percentages of the total
contributions to ESA, is shown in annex 2: it is broken down per mandatory programmes (to which all
Member States are bound to contribute: eg Scientific Programme), per optional programmes, and as a
whole. These contributions are relevant only to the activities producing industrial commitments.

The same Annex provides a comparison of the achieved return coeYcient (ratio between the amount of
contracts multiplied by a technological weighting factor, and the ideal value corresponding to the
contribution).

The annex 3 provides cartography of the commitments to UK industry in the period 1996–2006.

At end-2006, the return situation for the UK shows a return coeYcient of 0.91 (should be 1 in case of a
balance), with a deficit (weighted commitments less ideal amounts) in the order of "78 Mƒ. However, it
should be noted that the deficit is since end 2006 decreasing and reducing to a level of"20Mƒ. These figures
stem mainly from the situations in the Scientific Programme (mandatory activity) and the Earth
Observation Envelope Programme (EOEP, optional programme).

The above under-return, which has some structural reasons linked to the industrial situation in the UK
(number and type of companies, see breakdown presentations in annex 3), has been treated with the highest
priority by:

— Setting proper return requirements in scientific missions like Gaia and BepiColombo, resulting in
the obligation for the Prime to award some 25–26% of contracts to UK industry, subject to
competitive proposals. Achieving the targets for Gaia and BepiColombo are today well in sight;

— Maximising UK shares in SWARM mission (part of EOEP);

— Setting proper return requirements in EarthCare mission (also part of EOEP). With these
measures UK will be back in the geo-return band foreseen in EO. It is inherent to an envelope
programme that there are undulations of the return with diVerent missions in the same
programme. It is worth mentioning that UK was in the last geo-return period heavily over-
returned in EO;

— Adapting the procurement approach of newly subscribed programmes, like Exploration, so that
UK contributions match UK industrial capacities and hence geographical return.

The Agency is confident that the minimum guaranteed return will be reached at the end of the
reference period.

Q 7. What is the future of SMEs in the space industry? Is this an area of development that ESA would support?

Answer:

“Space industry” can mean diVerent things depending on whether one considers the traditionally visible
“upstream sector” or if one includes also downstream activities. These two categories have diVerent entry
barriers for SMEs.

In addition, companies not dedicated to space work are numerous, which makes it diYcult to define the
boundaries of the “space industry”. According to the boundary conditions chosen, the answer for the future
of SMEs in space industry may vary.

The traditional strength of SMEs, such as innovation, reactivity and cost eVectiveness are attractive for
the space domain. In addition, space business is cyclical and SMEs are used by the space industry to locally
absorb variations in space work. The importance of innovation coming from SMEs is illustrated by the fact
that in average 20% of the ESAR&D contracts are awarded to SMEs, the majority of these contracts being
allocated on a pure competitive basis.

Considering that innovation in space is a major stake for the sustainability of European space activities,
and that space has to take maximum benefit of the breakthroughs performed in other industrial domains,
ESA promotes spin-in of SME technologies/products applicable to its space programmes.

Considering the dynamism and entrepreneurial spirit that SMEs traditionally demonstrate, ESA
encourages the development of downstream application services through special calls.

Cost eYciency and flexibility of SMEs and their innovative way of doing things could be exploited in
certain specific domains, like in-orbit demonstration.

Today ESA supports SMEs access to technology contracts through four complementary mechanisms:
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— Innovation Triangle Initiative: a call for ideas open the whole year, based on the concept that a
close collaboration between three diVerent entities—the inventor, the developer and the
customer—is an important factor for the rapid and successful introduction of technology
innovations in industry.

— LET-SME (Leading Edge Technology of SMEs): an annual AO inviting SMEs to propose
technologies to fulfil a selection of the Agencies needs.

— The Start-up Initiative of Telecommunication programmes: open AO using the traditional
funding mechanisms of the telecommunication ARTES programmes, to encourage SMEs
contributions in the multimedia (ARTES-3) or near to market developments (ARTES-4)
domains, or in the technology domain (ARTES-5).

— Procurement procedures applied to technology contracts, restricting the competition to SMEs.

In addition, the Agency boosts SME skills and expertise through the following actions:

— Access to its laboratories and test facilities has been promoted and a special favourable charging
policy is put in place.

— Provision of training in diVerent space engineering and management disciplines are oVered.

— Access to ESA experts for hands-on support for short periods is granted.

— Anew project with the European Commission is on-going in order to scale up this type of support.

The Agency takes action to support the commercial exploitation of technology originally developed by
SMEs for space, or to support SMEs in networking and finding new customers through the organisation
of events (eg Industry Space Days), to maximize the impact of space investments, or to support the
sustainability of these players favouring their presence in diVerent industrial domains.

In view of the benefit for its programmes, the Agency will continue to exploit the potential of SMEs,
through support actions comparable to the ones today in place, and with the objective of improved
eYciency, coherence and better visibility from the SME world.

Annex 4: SMEs within ESA programmes—ESA strategic objectives and way forward.

Annex 1

Members of the “Interim Advisory Group”

To date, the Group is constituted of the following members:

Armagh Planetarium (NORTHERN IRELAND)
Association for Science Education (ASE)
British National Space Centre Partnership (BNSC)
Careers Scotland (SCOTLAND)
Department for Education and Skills (DfES)
EADS Astrium
Ecsite UK
European Space Agency (ESA)
ISSET (WALES)
National Academy for Gifted and talented Youth (NAGTY)
National Science Learning Centre
Particle Physics and Astronomy Research Council (PPARC)
SETNET
Space Education Council
Yorkshire Forward/Space Connections

The group met in September and November 2006. The next meeting is scheduled for late March 2006 at
the occasion of the conclusion of the consultative/study phase.

Background on the ESERO Project

Europe faces a severe decrease in the interest of young people in, Science, Engineering and Technology
(SET) subjects as well as a decline in the uptake of SET careers. This general disinterest in SET subjects and
careers amongst young Europeans, in particular young women, is more evident in the classical SET
disciplines in school and university subjects, such as mathematics, physics and chemistry, than in emerging
fields such as Information and Communications Technology (ICT) or applied science. Combined with an
overall ageing scientific population in the European SET workforce, this decrease of young people in SET
related subjects and careers could have serious consequences. These shortages will not only aVect the future
tertiary education systems in Europe, but more importantly the SET related industries and their
employment markets.
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Although education was included from the outset as one of ESA’s basic activities in the ESAConvention,
it is only in the last few years that a dedicated education eVort has been undertaken both at corporate level
and within the directorates. As of 2005, an education policy and a new dedicated operational structure has
been set up, aimed at a joint eVort between the Education Department and directorates. Among others, the
European Space Education Resource OYce (ESERO) project of particular interest in this note is, together
with a wide range of hands-on activities for university students, part of an ambitious programme.

The European Space Education Resource Office (ESERO)

The concept

Reaching our primary target audience directly, ie millions of students or professors/teachers, is an
unworkable task for ESA. In addition, not mentioning the various languages, the educational systems are
very diVerent from one Member State to another. Therefore, in order to implement with eYciency its
education policy, the Agency ideally had to opt for a “Member State by Member State approach”.

The objective of the ESERO project is to establish in all ESA Member States “ESERO contact points”
(an ESA contractor—preferably located at already existing educational facilities) manned by an education
expert well integrated into the national educational system and networks.

This should allow the ESA Education Department to support, through the “ESERO contact point”, the
specific educational needs of the Member States and to get easy access to the already-existing national
networks (publishers, museums, teachers’ associations, etc).

In conclusion, TheESEROproject is aiming at the development of close relationswith national education
stakeholders and the participation in education activities tailored to the specific situation in each
Member State.

The Implementation—Present Status

In order to maximise the chances of success, it was decided—with the full support of the concerned
delegations—to first start the implementation of the project with three “ESERO contact points”; namely
in Belgium, The Netherlands and Spain.

Besides a planning of regular reviews, an overall evaluation of the pilot projects is planned at the end of
2007 and a decision to further expand towards other Member states will then be taken. If positive, at least
one “ESERO contact point” per Member State will progressively be installed by 2010 at the latest.

The implementation of the pilot phase is scheduled over a period of two years, articulated in four stages.
Namely: a preparatory phase (three months) aiming at the setting up of the “ESERO contact point”; the
study phase (six months) to identify the stakeholders, networks, needs, . . . of the education community; the
strategy definition (three months) and finally the operational phase (12 months).

The “ESERO contact point” in the Netherlands is located at NEMO, the National Centre for Science
and Technology, in Amsterdam. It was oYcially inaugurated in April 2006. As part of the contract, a
consolidated study report has demonstrated the need of such a location that can act, while answering the
needs of the education community, as a “one-stop-shop” for the development, promotion and distribution
of educational space related materials.

The “ESERO contact point” in Spain is located at the science centre “La CosmoCaixa” in Barcelona;
whilst the one for Belgium is situated at the Planetarium in Brussels. The inauguration of both oYces is
planned for the first quarter of 2007.
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Annex 2
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Annex 3

UNITED KINGDOM, INDUSTRIAL INVOLVEMENT IN ESA PROGRAMMES
OVER THE PERIOD 1996–2006

Data extracted from SYSTRI as of 9 February 2007
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end 1996      end 1997       end 1998      end 1999      end 2000      end 2001     end 2002      end 2003       end 2004      end 2005      end 2006

UNITED KINGDOM - Cumulated weighted amounts committed over the period 1996-2006
(statistics have been discontinuated in 1999/last quarter 2006 not yet consolidated)
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UNITED KINGDOM - distribution of amounts committed (weighted)
over the period 1996-2006 per type of activity

(last quarter 2006 not yet consolidated)
Total: app 1,178 M euro
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UNITED KINGDOM - Top 15 Suppliers (weighted amounts)
over the period 1996-2006

(last quarter 2006 not yet consolidated)
Total amount: app 1,178 M euro
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Annex 4

SMEs WITHIN ESA PROGRAMMES

ESA Strategic Objectives

ESA intends to derive maximum benefit of the innovative, dynamic and entrepreneurial SMEs, through
the use of their skills, expertise and cost eVectiveness to the benefit of its Programmes; to this end, ESA
intends:

— to promote spin-in of SMEs’ technologies/products when cost eVective and useful for its
programmes;

— to help SMFs boosting their Skills and their Expertise and ease their participation to ESA
Programmes and activities;

— to support the sustainability of their business through for example the transfer of their space
technologies to other applications and markets, incubation, etc; and

— to provide transparency and improved information on its programmes and procurement
procedures.

ESA has support actions in all these fields, and continuous improvement of its tools and approaches is
one of the Agency policy.

Way Forward

A number of actions are planned to be taken by ESA to optimise its action:

Communication and discussion with the SMEs community

To reflect on their needs and find the best way that will increase their participation in our programmes.

Increased Support to SMEs by technology action

ESA will continue taping the SMEs’ innovation potential, and will seek through communication and
consultancy of the representative associations, the best ways to ascertain the participation of this category
of firms to its programmes.

Coordination and streamlining of our actions targeting SMEs for a better out-reach

ESA has presently diVerent initiatives targeting SMEs, in diVerent directorates.

ESA overall action will undergo a coordination exercise to help SMEs finding their ways through ESA
and its programmes, and simplifying their access.
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Fostering exploitation and dissemination of space technologies through SMEs

SMEs are the best vector for Technology transfer, and ESA will continue helping them to disseminate
these technologies, to create a synergy between the developers and the users and to generate a dynamic of
growth and employment in Europe.

Institutionalisation, promotion and synergy

— Actions that proved to be useful will be continued and strengthened.

— Synergy of action with other actors (eg with the EC, the national Agencies and Primes will be
sought).

Provision to SMEs of coherent information on ESA programmes

— DiVerent sources of information exist on ESa programmes and on business opportunities. A
streamlining of the communication tools will be conducted.

— Progressive improvements to streamline ESA’s procurement process for small contracts, have
been taken since the second quarter of 2006, and will be pursued with view to simplify SMEs
bidding process.

Memorandum 94

Supplementary submission from the University of Leicester

NATIONAL SPACE EDUCATION INITIATIVE

Background Notes by Prof MA Barstow

TheNational Space Education Initiative was a broad idea developed by the BNSC partners to try to raise
the profile of Space as an important tool for stimulating schools student engagement with science. While
Charles Clarke was Secretary of State for Education, this idea received warm encouragement and more
detailed plans were developed. As part of this, I was commissioned to carry out a study of what was going
on in Space Education and to produce some costed proposals as what could be done to improve
coordination and deliver more eVectively the wide range of activities that had already been funded through
outreach grants. This work was carried out in the period March to September 2005 and the report on the
study, “Bringing Space into School Science” (sometimes referred to as the Barstow Report) was published
on October 2005.

A number of events conspired to limit the opportunity to make progress following the publication of
the report. During the study, Charles Clarke was replaced as Secretary of State by Ruth Kelly. As a result,
the interest in Space Education (encouraged by Charles Clarke) disappeared and the re-arrangement of the
department created a significant discontinuity in the involvement of DfES in the project. Furthermore,
expected financial support from DfES for carrying out the report’s recommendations evaporated. Shortly
after the publication of my report, Colin Hicks, BNSCDirector General retired and was replaced by David
Williams. Inevitably, it has taken some time for Dr Williams to familiarise himself with his role as DG and
to find time, within all his priorities, to revisit Space Education.

It is possible that some of the recommendations of my report may be delivered by a new initiative to
establish a European Space Resource OYce (ESERO) in the UK, by ESA. ESA have pilot oYces operating
elsewhere in Europe but had not planned one in the UK in the first phase. However, they received an oVer
fromYorkshire Forward to host one using Regional Development funds. Subsequently, BNSC have begun
working with Yorkshire Forward to develop this and engage the national community. So far substantive
progress seems to be slow. The whole idea has been discussed in several meetings since August 2005 and we
don’t yet seem to be at the stage of actually doing anything.

I was very please to be able attend the Parliamentary Space Committee event on 8 November, where our
current Secretary of State for Education met the STS-121 Astronauts. It was nice to hear Alan Johnson talk
about the importance of Space in science education and I wrote to him afterwards, enclosing a copy of my
report. He has written back but avoided oVering the DfES lead that I had hoped for, pushing the
responsibility back to BNSC. One ofmy key recommendations was that Space should be adopted nationally
as a flagship topic to enhance science teaching and it seems to me that this has to come from the DfES if
teachers are going to sign up to the idea.

January 2007
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Memorandum 95

Supplementary submission from Dr Robert Marchbanks (BNSC)

Re: The Uncorrected Transcript of Oral Evidence at the Space Policy Session of 21 February 2007

In response to the above, I feel that the benefits to SME’s of investing in Space Medicine does not appear
to have obtained the emphasis it deserves. In response to Dr Spink’s question (Q465), Mr Gourlay outlined
our collaboration with NASA to provide a non-invasive (non-surgical) means of measuring intracranial
pressure (ICP). The relatively small amount of funding received by ourselves fromNASA, as mentioned by
Mr Gourlay (Q485), should be seen in a wider context since working as part of an international team, the
total value of the work far exceeds this amount. Meeting the regulatory requirements for the European CE
Mark and for US FDA registration, entails much documentation for design and quality control. This
documentation is the main part of the work eVort and was undertaken by the NASA and Lockheed
engineers. As an SME, we have greatly benefited by working with these engineers and their skills have now
been transferred to my company. These skills are immediately applicable and furthermore, the
documentation is precisely as required to meet Earth-based regulatory requirements for our medical device.
My company is not alone in benefiting in this way, since I know of several US and European medical
companies that have equipment aboard the International Space Station. I would like to stress the immediacy
of this “win-win” scenario, where money and expertise invested in space medicine is directly transferable to
earth-based gains. Applications go well beyond just anaesthesiology.

With reference to Adam Afriyie question (Q473) and Dr Fong’s response. The return on investment goes
beyond gains made by the SME outlined above. I believe medicine itself has much to benefit since Space
provides a unique environment to study human physiology. The Space environment challenges our
misconceptions and potentially provides conceptual leaps in our medical knowledge. Our own experiment
is an example of this. The space agencies world-wide have spend several $100 millions on attempting to
understand space adaptation syndrome (space sickness) and the disorientation felt by the space traveller that
involves their balance system.Yet with all this expenditure and eVortmuch of which has been through earth-
based experiments, the causes remain illusive. There is strong reason to believe that it is a lack of
understanding of certain fundamental principles of human physiology that is at fault—misconceptions are
providing the barriers both for earth and space-based medicine. Space medicine and Space life experiments
challenge our understanding by providing a unique microgravity environment that allows us to look at
human physiology from another angle and also acts as a catalyst for lateral thinking.

Finally I wish to endorse Mr Gourlay’s vision of our equipment that one day it may be used on Mars
(response Q465 and Q485). However, I wish also to add that as yet there are no “definites” and no formal
selection of projects considering the long time scale for the Mars mission. I believe that the UK can be a
small but meaningful stakeholder in the return to “the Moon programme” that is now underway, and that
we can inspire school children to be our future engineers and scientists.

February 2007

Memorandum 96

Supplementary submission from the British National Space Centre (BNSC)

CURRENT NEGOTIATIONS WITH THIRD COUNTRIES

1. The Committee requested a note on current negotiations with third countries.

2. The object of BNSC’s high level engagements, on behalf of the UK, is to assist UK companies and
scientists to develop cooperation, in support of science and policy objectives. Many BNSC partners have
also developed regular bilateral contacts, and these are not covered in this note, because they are normally
not space specific.

3. Space is essentially an international and global activity. BNSC depends on the advice and reporting it
receives from the FCO staV in the Science and Innovation Network based in all the main space faring
countries. On the export side, BNSCworkswithUKTrade and Investment and the commercial staV in Posts
worldwide to develop new markets and opportunities. BNSC is grateful for the help it receives from our
Embassies, Consulates, and other Posts.

4. BNSC and its partners have contact with many countries. Those currently active for BNSC are
listed below.
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China

5. With strong support from industry, BNSC and the China National Space Administration (CNSA)
agreed a framework Memorandum of Understanding (MOU) which was signed by Lord Sainsbury and
CNSA Administrator in January 2005. OYcials met later in that year to develop specific actions and held
a space technology workshop March 2006 in China. A coordinated approach through BNSC involving all
partners including industry and academia has been pursued.

6. The UK-China Space Science & Technology Working Group met in the UK in November 2006.
Experts discussed possible science and technology cooperation and possible exchanges of staV and students.
The next UK-China Working Group Meeting is planned for March in Shanghai. A visit by CNSA
Administrator in December 2006 was postponed at their request but is expected to be reinstated. RCUK
has now agreed to open an oYce in China and BNSC will work with this oYce as well as the Embassy in
the future.

India

7. BNSC and the India Space Research Organisation (ISRO) signed a Memorandum of Understanding
in 1997. The Joint Prime Ministerial Declaration signed in September 2004 agreed to expand co-operation
in civil space programmes. The BritishHigh Commission held a workshop with ISRO on 28–30March 2006
in Ahmedabad on Earth Observation for Weather and Climate. This followed a similar workshop in 2004.
A BNSC oYcial will speak at a conference hosted by ISRO in New Delhi in March and we will look to a
fuller meeting with ISRO thereafter. BNSC will attend the International Astronautical Federation
conference in Hyderabad in September. We are actively engaged with the Post in supporting a specific
industry initiative in India.

Turkey

8. Professor Yetis, the Acting President of Tubitak (the Turkish OYce of Science and technology) visited
the UK in March at the invitation of Lord Sainsbury and proposed a bi-lateral workshop in Turkey to
identify opportunities for collaboration in space technologies and more widely. This was held in Turkey in
November 2006 to bring together interested parties to exchange ideas and to ultimately look at areas of
collaboration in space technologies and showcase UK capabilities. The Minister has asked BNSC to enter
into discussions regarding a Memorandum of Understanding.

Korea

9. With strong support from industry and academia, the OYce of Science and Innovation (OSI) and the
Korean Ministry of Science & Technology (MOST) agreed a framework MOU which was signed by Lord
Sainsbury and MOST in October 2002. OYcials met later in the year to develop specific actions and have
held a series of space science and technology workshops during the period 2003–06 in both the UK and in
Korea. A coordinated approach through BNSC, led by RAL and involving all partners including industry
and academia has been pursued.

United States

10. BNSC has no general agreement with the USA, but interacts with counterparts in a number of
agencies and fora. These cover Science, EarthApplications and international bodies such a the International
Disaster Charter. The BNSCDirector General met theNASAAdministrator, DrMichaelGriYn on 18 July
2006 and it was agreed to develop closer contact. Malcolm Wicks met Dr GriYn on 30 November and
discussed a possible UK role in the development of a Global Exploration Strategy.

Algeria

11. With strong support from industry, Lord Sainsbury on behalf of BNSC and the Algerian Space
Agency (ASAL) signed a framework MOU on 19 July 2006 to develop cooperation in civil space. This will
be followed by a meeting at oYcial level.

Russia

12. The UK signed a civil space co-operation agreement with the USSR in 1987. This was taken over by
Russia and is still in force. There is also a science and technology agreement which covers space. BNSC is
currently looking at these arrangements, and in particular whether the agreements can enable lower cost
access to launchers.
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Japan

13. BNSC and the Japanese space agency (then NASDA, now JAXA) signed a Memorandum of
Understanding in April 1997 on Earth observation. Discussions were held with JAXA in July 2006 to
consider further bilateral cooperation. BNSC and the British Embassy are working to arrange a space
technology workshop to take place inMay. Existing UK links with JAXAon various missions include most
recently on an observational satellite with three advanced solar telescopes (Hinode). The British Embassy
in Tokyo will organise an aerospace event in May with space as one of the four parallel sessions.

Brazil

14. 2007 is the UK-Brazil Year of Science & Innovation. A series of events in being planned with Brazil
during 2007, including one on Space Science & Technology in November.

Argentina

15. BNSC signed a Memorandum of Understanding with the Argentinian Space Agency, CONAE, in
October 1998. At a recent international Plenarymeeting onEarthObservation (CEOS) held in BuenosAires
in November there was an opportunity for a short interaction between BNSC and CONAE and a briefing
with Embassy staV.

Multilateral

16. These bilateral links are in the context of the main focus of the UK’s civil space cooperation through
the European Space Agency (ESA) and EUMETSAT (the European Organisation for the Exploitation of
Meteorological Satellites). ESA and EUMETSAT have contacts with many space faring nations and
develop programmes in which British scientists and companies participate (primarily ESA) and co-ordinate
involvement in meteorological and related programmes (EUMETSAT). BNSC also engages with the
European Commission.

17. BNSC and its partners also work with many countries in a number of multilateral fora, including the
UN Committee on the Peaceful Uses of Outer Space (UNCOPUOS: over 60 countries), the Inter-Agency
Space Debris Coordination Committee (11) and discussions on a Global Exploration Strategy (14).

January 2007

Memorandum 97

Supplementary evidence from the British National Space Centre (BNSC)

QUESTIONS TO DR DAVID WILLIAMS, DIRECTOR GENERAL OF BNSC

1. Dr Williams mentioned that he would like to “get more private venture into funding space” [Q104]. What
plans does the BNSC have for achieving this objective? What is the minimum level of private venture funding
that the BNSC estimates is required?

The BNSC is working with industry on three fronts. One is to get private finance to take a greater share
of the costs in building satellite systems that are for public use—which is essentially to move to a service
delivery model or PPP. A second is to get industrial co-funding into what we hope will become a
strengthened UK national programme activity. A third is to work with industry in promoting the benefit of
the UK space capability to the world at large, with a short term focus running to the IAF meeting hosted
by Glasgow in October 2008. With respect to funding there is no “minimum” level because our assumption
is that we will work on a project by project basis and any funding would reflect the ambition and roles in
each project.

2. Dr Williams said in oral evidence that “what I want to do is work more with what I call the departments
which are not fully funding space, but where we believe they have an interest” [Q108].Which Departments was
Dr Williams referring to? What action has BNSC taken in order to engage these Departments?

See answer to Q.3
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3. Dr Williams told us that “we are trying to bring that [the disaster management constellation] into the
thinking of DFID so that they can bring it into their mainstream. There has been, I have to say, not a lot of
direct discussion, but that will start in the next two or three months because it is an initiative in an area which
is recognised as important” [Q113]. What steps is the BNSC planning to take to engage DFID in the DMC
programme? Are there any plans to invite DFID to join the BNSC partnership?

BNSC has since the 10 January 2007 held initial discussions with DFID about their involvement in the
International Charter “Space and Major Disasters” (the Charter). The Charter aims to provide a unified
system of data acquisition and delivery from Earth observation satellites in organisations in eight member
countries, in support of eVorts related to natural or man-made disasters. DFID are one of two UK agencies
authorised to activate the Charter. UK participation in the Charter is through the Disaster Management
Constellation programme (DMC) owned and operated by Surrey Satellite Technology Ltd (SSTL).
Following the meeting, DFID are looking at how they may be able to use the Charter to support its
international eVorts following future major disasters. In addition, BNSC are discussing the holding of a
seminar at DFID to provide information on current and potential space applications (eg DMC) in support
of disaster and humanitarian aid eVorts. DFID is a member of the UKGlobalMonitoring for Environment
and Security (GMES) steering group, and is involved in cross-Government work on GMES. DFID is not
currently planning to join the BNSC partnership.

The FCO is a partner in BNSC and set out the scope of its space related activity in its written response
to the inquiry. The FCO focuses on international cooperation: ensuring that the UK’s international
obligations on space are maintained, promoting UK excellence in space science and technology, and
ensuring European space programmes meet UK objectives. In many cases this means that the FCO is
supporting other BNSC partners, including Defra, MoD, DfT, DTI and research councils, to achieve their
EU and international objectives.

The FCO Consular Crisis Group has recently recognised a potential interest in space applications and is
meeting with BNSC HQ colleagues in February 2007 to discuss this further.

DfES is a BNSC partner and participates in the Space Advisory Council, BNSC’s senior advisory body.
At a working level BNSC partner staV have good working relations with their DfES counterparts. Through
this and through interactions at the Space Advisory Council, DfES provide valuable strategic advice on our
educational activities. One key initiative in space related education is the establishment of the UK’s
European Space Education Resource OYce (Space Connections) by Yorkshire Forward (YF). Space
Connections is intended to bring co-ordination and strategic focus at a national level to the rich and diverse
array of space related education activities in UK. BNSC partners working together (including DfES) will
ensure that this initiative is properly linked to the wider national science, technology, engineering and
mathematics (STEM) initiatives by DfES and DTI.

4. Please provide information about the progress of the Government Information from the Space Sector
(GIFTSS) initiatives.

GIFTSS (Government Information from the Space Sector) is a BNSC DTI partner programme activity
to encourage greater usage by the public sector of space data products and services. It is aligned with two
of the BNSC strategy goals—“Stimulating increased productivity by promoting the use of space in
government, science and commerce” and “Developing innovative space systems to deliver sustainable
improvement in quality of life”.

The overall programme activity is small, with typically two projects running at any one time (at around
£60k each, co-funded by BNSC and the user department or organisation), and with a number of additional
leads being identified and pursued, some of which are then expected to mature to projects. The BNSC
experts also work with the end user once a project is completed, to assist them in assimilating the knowledge
gained and identifying what further steps to take.

The pace of the programme is driven primarily by the level of engagement of a particular user department
or organisation. Initiatives can typically take from a number of months to a couple of years to get to the
launch of a project. Users that have participated in projects, particularly within the Defra family, value the
programme highly. GIFTSS is represented in the Defra EO Forum that meets several times each year.

The newest project (salt marsh habitats in Morecambe Bay) kicked oV in December 2006. This is the
second GIFTSS project with Lancaster City Council as the partner. The project is looking at the use of
satellite imagery to identify andmonitor areas of salt marsh, which are important for understanding of flood
dynamics and as conservation areas.

Further projects are in the pipeline.
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5. DrWilliams referred to problems at Defra in relation to the GMES programme [Q114–115]. What are the
main problems that Defra is facing? How could these problems be solved? What action has the BNSC taken to
help Defra deal with the problems posed by GMES?

Defra is committed to evidence-based policy and believes that many of the environmental challenges that
we face require European or European solutions. In the future there will be an ongoing need for evidence
and information and if GMES develops in the right way then it should meet some of these needs.

As a potential user of operational GMES environmental services and information, Defra is interested in
the outputs of the programme, whether that be data or products. Defra currently undertakes a significant
amount of environmental monitoring, much of which is driven by European level legislation. If GMES is
going to add-value to the activities of the Department, then they need access to the right data and
information, at the right time. At present, Defra is concerned that the proposals on the table, particularly
in relation to the ESA GMES Space Component Programme, will not guarantee the delivery of an
operational system that guarantees data continuity. Without this continuity guarantee Defra will not be
persuaded to change its systems.

Defra are supported by BNSC in the EC GMES Advisory Council, and this is the forum that discusses
the Programme structure in the EC context. BNSC also represent the Defra view in the discussions in the
ESA Programme Board responsible for GMES. Persuading our European colleagues to agree that GMES
should have better data continuity guarantees is proving to be diYcult. For BNSC, this seems to be largely
due to the fact that many countries are driven by the short term objectives of their industries, whilst ESA
themselves see continuity in the context of work flow in establishments and industry and not in the output
data sets.

To clarify the position, BNSChas workedwithDefra oYcials to produce aUKGMES strategy document
that can form the basis for increased UK support if the programme structure is adapted. This sees GMES
as a major contributor to climate change and improved climate forecasts: a stated need in the recent
Stern report.

Defra, with the support of the BNSC partnership and other relevant stakeholders, will continue to work
with the European Commission, the European Space Agency and other member states to ensure, as far as
possible, that GMES develops into a robust and resilient system that delivers to user needs.

6. Dr Williams said in oral evidence that “I have had no direct interaction with DFES. It is a weakness that
we recognise and acknowledge and it is an area that we want to address going forward” [Q116]

(a) What action has the BNSC taken on the National Space Education Initiative since October 2005?

(b) How is the BNSC following up the recommendations made in the BNSC-commissioned report,
Bring Space into School Science?

(c) How is the BNSC responding to the recommendations made in The Education and Skills Case for
Space report?

(d) What involvement has the BNSC had in the establishment of ESERO in Bradford? What impact
will this oYce have upon space education provision in the UK?

(e) The summary notes from the Space Advisory Council meetings on the 24 May 2006 and
6 September 2006 mention the creation of an education steering or working group. What is the
membership of this group? What is the group’s purpose and what action has it taken?

On questions (a–d) the key message in the three reports mentioned is the requirement to improve co-
ordination and cohesion for the extensive space related-education activities taking place inUK. In particular
these reports proposed the facilitation of a single advisory group structure, a one stop shop website and
better linkages and support to teachers and the science curriculum. As stated in answer to Q.3, BNSC is
working with Yorkshire Forward (YF) and ESA in establishing a European Space Resource OYce on a
nationwide basis in the UK (UK ESERO). BNSC chairs the UK ESERO’s Advisory Group, which is
composed of BNSC, ESA, Yorkshire Forward as well as representative bodies in England, Scotland, Wales
and Northern Ireland involved in using or providing space education. Yorkshire Forward has made
available substantial resources in setting up the UK ESERO. As part of the pilot phase of establishing the
ESERO, they are carrying out a consultation exercise with users (including teaching organisations) and
service providers.

A key future aim is to link the work of the UK ESERO with the wider DTI/DfES initiatives to promote
STEM subjects. By working through the UK ESERO, and other key players in space education such as the
National Space Centre in Leicester, we plan to addressmuch of the recommendations in these recent reports.

(e): At this stage BNSC has not yet established an education steering or working group. Before moving
to this the aim will be to monitor the progress of the UK ESERO and improve the linkages to the wider
DfES programmes. This latter step is crucial if the group is to be securely embedded in the UK structures.
In the meantime, education is an agenda item on most meetings of the Space Advisory Council and this will
provide the ability to review the activities of the UK ESERO.
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7. Dr Williams said in oral evidence that “I do not see us at this stage going into manned space because of the
costs involved” [Q118]. What estimates has the BNSC made of the costs involved in manned spaceflight?

Estimating the costs of a UK manned space activity is not a precise science, and varies depending upon
whether the costs of the associated activities are included. There are three possible routes open to UK if it
wished to fund a UK astronaut: (i) through ESA’s human space flight programme; (ii) with NASA’s Shuttle
programme and (iii) by direct purchase of seats aboard Soyuz “taxi” flights to the International Space
Station.

The principles of ESA’s selection of astronauts are stated in the “European Astronaut Policy”, chapter
4.1, include:

“— Recruitment (is) open to candidates from all Member States, taking due account of their
participation in the ESA human spaceflight programmes.

— Selection and recruitment initiated and controlled by ESA.

— Initiation of new recruitments will be based on matching the corps characteristics to future
European human spaceflight programmes’ requirements.”

On this basis a proportionate share of the cost for the UK in ESA would be some £60 million per year,
and on that basis UK people would be eligible to apply to become a European astronaut—but with no
guarantee that any would be selected. There would also be national costs associated with the science and
these are additional and uncosted.

The cost to “fly” on a NASA Space Shuttle, including the training is approx $50 million per mission per
astronaut. It is unlikely that the UK could “buy” a position and the more likely route would be for the UK
to provide—at UK cost—a specific set of experiments or some other aspect of space activity that would
benefit the UK. This could only be costed on a case by case basis but would in the traditional “no exchange
of funds” need to provide NASA with a benefit of at least $50 per flight.

In the third approach, a simple purchase of a Soyuz flight as a “tourist” to the International Space Station
costs about $20 million. However this would bring no scientific benefit to the UK unless considerable
additional resources were provided for the experimentation.

The Royal Astronomical Society have estimated that a sensible UK programme in manned space would
be achievable at a level of £150 million per annum over a 20–25 year period. This figures are not inconsistent
with the above if the additional national experimentation costs are included.

8. DrWilliams said in oral evidence that “I do see us being part of the global endeavours to do exploration and
exploration in the widest sense” [Q118]. Please provide details of the action that the BNSC has taken in
relation to the global exploration and exploitation programme. Is the UK acting independently or through ESA
in relation to this programme?

The UK, along with other countries, was invited by NASA to participate in a workshop in Washington
in April 2006 at which NASA outlined the status and planning of its exploration programme. A small
delegation of UK oYcials and scientists attended. Participants were invited to contribute objectives and
ideas focused on a human return to the Moon, but including robotic precursor activities.

Subsequently, fourteen agencies, including ESA, BNSC and the space agencies of France, Germany and
Italy have jointly worked to elaborate a common set of themes and objectives covering both robotic and
human exploration of Solar System destinations including theMoon,Mars and the asteroids. This is known
as the “Global Exploration Strategy”. Several international meetings have been held and the UK is fully
engaged, in order to understand the developing international context. The goal is to increase the
coordination between future international exploration activities rather than to create a single programme.

At the European level, the UK is engaged in discussions through its membership of the ESA Aurora
programme. This includes a preparatory component which is developing plans for future European
exploration activities. Within this work, a UK scientist is leading the development of a science-driven
scenario for exploration.

Nationally, BNSC through PPARC initiated a small study with a group of lunar scientists and Surrey
Satellite TechnologyLtd. to assess whetherUK small satellite technology could contribute to the developing
international scene by undertaking early lunar science while also preparing technology for the longer term.
The team reported in late 2006, proposing two small missions, dubbed “MoonLITE” and “MoonRaker”.
There is no commitment to undertake these missions on a purely national basis.

Finally, in order to provide advice to Government on the long term potential for space exploration and
exploitation, BNSC is setting up an Exploration StrategyWorking Group to review the plans in the US and
elsewhere and assess the opportunities for the UK. The group comprises both oYcials and representatives
of academia and industry. It is hoped that this group will report in the summer of 2007.
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9. Dr Williams told us in relation to ESA that “when I came in, it was clear that we were down on industrial
returns” [Q153]. In written evidence, the BNSC stated that “our overall returns have droppedmarginally below
the level of our subscriptions. BNSC is monitoring the placement of ESA contracts and working hard to reverse
this trend” (SPO2, para 3.5). Please provide statistical information detailing the level of subscription to ESA
and level of overall return to the UK since 2000. What action has the BNSC taken to reverse the trend of
falling returns?

UK Subscription to ESA (Source: UK Space Activities 2006)

£ million
2000–01 2001–02 2002–03 2003–04 2004–05 2005–06

98.0 97.13 89.68 133.95 128.99 139.63

UK Level of Overall Geographical Return at 31 December

2000 2001 2002 2003 2004 2005

1.16 1.21 1.12 0.90 0.92 0.94

(Note: For 2006 the latest figures available are for 30 September: 0.92. Also note that the Geographical
Return statistics are maintained cumulatively since 1 January 2000. They are not therefore reflections of an
annual return.)

BNSC is working with ESA to get a balance in geo-return. This has involved direct interaction between
the DG of ESA and the UK Minister as well as the DG of BNSC. The DG of ESA has confirmed that he
will ensure the UK return is improved and we await information from him on the specific steps he will ask
his staV to take. To date additional funding of ƒ4.7 million has been promised to the UK and this is
earmarked to give the UK the major role in a new programme to test and evaluate satellite formation flying.

ESA have promised to take steps to ensure that the UK is over-returned in a number of future specific
missions, but these have not yet been released for tender. However, although urgent action has been
demanded, restoring the UK return to an acceptable level will take time, partly because in relation to other
ESA Member States the UK participates in fewer programmes and thus the scope for identifying missions
in which corrective action can be taken is similarly limited.

10. How does the BNSC prepare for ESA Ministerial Council meetings? How could this preparation process
be improved?

In the context of the anticipated 2008 ESAMinisterial, discussions at both a national and ESA level have
already started, and will become more intensive.

In ESA, BNSC plays a role in all the relevant ESA committees ranging from project groups to meetings
of themainESACouncil. By doing so, it keeps abreast of likely issues and proposals well ahead of the formal
preparatory process for the ESA Ministerial Council. Thus at present in advance of the commencement of
the preparatory process for the 2008 Ministerial Council, BNSC is seeking to understand the issues and
possible proposals that ESA will bring to the table at the 2008 “Ministerial”.

About 12 months before the Ministerial Meeting, ESA establishes a Council Working Group (CWG)
composed of representatives from Member States. The DG BNSC leads for the UK on this group, which
develops the proposals both for policy/strategy changes as well as specific project. Relationships with ESA
staV and other member states is good and UK influence is usually strong and our views are respected.

Preliminary discussions are already taking place in the UK Space Board on the UK position on issues
that it is anticipated will arise in 2008. From this discussion the relevant partner(s) will be tasked to study
relevant aspects in detail, and prepare the case for financial support from the relevant partner. This will as
appropriate involve working groups being established.

Once BNSC has agreed the UK position at oYcial level, the Minister writes to Ministerial colleagues to
inform them of the proposed UK negotiating position and levels of subscription to ESA programmes.

For 2008 these arrangements are an improvement on previousmeetings because the internal debatewithin
the UK is starting much earlier. In this way we hope to reach a consensus on the UK position before the
main ESA agenda is finalised. A specific issue is aligning the ESA funding requests at the Ministerial with
the UK government funding cycle. Thus for 2008 the UK funds need to be part of the CSR 2007 process,
whilst the consequent commitments go beyond the CSR2007 cycle. A UK mechanism that formally
recognises the diVerent timescales of international funding mechanisms would help.
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11. Dr Williams said in oral evidence that “there are some problems with the structure of the way Galileo has
been developed” [Q162]. He stated further that there are “some very significant challenges come up” [Q163].
What are these problems and challenges? What action has the BNSC taken in order to solve them?

The current development phase of the Galileo programme is a joint EC Commission and ESA project.
The deployment and operation phases are planned to be an EC Public Private Partnership (PPP). The UK
is actively involved in Galileo fora of both organisations, the ESA Programme Board for Navigation, and
the administrative board of the GNSS Supervisory Authority. The Department for Transport has the
political lead in the EC, supported by other Government Departments and by BNSC.

The UK priorities are for a robust PPP and to ensure Galileo remains a civil programme under civil
control. A robust PPP will be challenging to achieve because the costs and risks of the project are inherently
uncertain. The governance of the programme has not always been certain. There have been delays, some
caused by political influences, and the merged consortium lacks a developed commercial approach. On the
civil programme side, discussions on the policy for access to the Government-only PRS service are just
getting under way in the EC. The UK is fully committed to playing an active role to influence strategic
decisions and to safeguard UK objectives.

Within ESA, BNSC is represented by DTI and DfT who work together to ensure that UK priorities and
interests are fully taken into account within the programme. BNSC seeks to ensure that ESA manages the
development programme eVectively and eYciently, including the industrial consortia developing the system.
There have been delays, specification changes and cost increases on which BNSC has pressed hard, and will
continue to do so, to ensure that these are necessary and minimised.

12. What process does the BNSC use in order to determine which partner will lead on ESA programmes,
especially when programmes do not clearly fall to one partner? How could this process be improved?

Since I arrived, I have used the Space Board as the mechanism for agreeing upon which partner will lead
on ESA Programmes. To date, agreeing on which partner has the primary user interest and hence should
lead in defining requirements has not been an issue. Where more than one partner has an interest the issue
is around how the cost of the ESA programme is shared taking into account the use each partner will make
of the programme and the level of technical innovation and uncertainty in the development. I believe the
existing process is good at developing the position in a way that tensions the role of space against alternative
methods. But this does not mean that the funds are made available against competing priorities within
departments.

13. What has prompted the consultation on the Outer Space Act? Do you expect this consultation to lead to
proposals for new legislation?

The planned consultation was prompted by an independent review on the management of the licensing
regime under the Outer Space Act. We were seeking to find out if and how our regulation under the Act
needed updating. The review highlighted the treatment of liabilities for UK space activity and licence fees,
that could disadvantage UK companies. We are in the process of examining this.

It is too early to say whether the planned consultation will lead to new legislation. We would prefer to
change the processes in the licensing system within the current legal framework.

14. Evidence submitted by UK space states that “in December 2005 UK Government reduced investment in
ARTES from £20million to £8million” (SP06, para 13). Please provide details of theUK’s annual subscription
to the ARTES programme from 2000–06.

ARTES funding 2000–06 (ƒ million)

2000 2001 2002 2003 2004 2005 2006 Total

ARTES 1 0.97 0.68 2.05 1.83 1.18 3.59 2.11 12.41
ARTES 3 15.86 7.24 17.60 14.46 3.48 16.06 14.90 89.60
ARTES 4 5.30 3.13 13.29 8.33 7.59 9.16 11.64 58.44
ARTES 8 1.89 1.89
Total 22.13 11.05 32.93 24.62 12.25 28.81 30.54 162.34



3553511097 Page Type [O] 12-07-07 01:53:06 Pag Table: COENEW PPSysB Unit: PAG1

Science and Technology Committee: Evidence Ev 361

15. Who will administer the Joint Space Technology Programme?

This proposed programme is known as the “National Space Technology Programme (NSTP)”.

The general arrangements for the management of the NSTP were agreed by the UK Space Board at its
meeting in October 2006 when it was agreed that:

“BNSCwill manage the NSTP on behalf of all of the partners, supported by a representative body
drawn from all the partners and reporting to DG BNSC. Individual programme proposals will be
assessed on the basis of their innovation, value for money, and socio-economical potential.
Priority will be given in particular to proposals that establish or reflect a UK global leadership in
a capability (eg small satellites). The operational management of the NSTP, encompassing the
technical and financial progress aspects will be undertaken by the Science and Technology
Facilities Council (STFC) using its standard business systems. The STFC will also be a supplier
to the NSTP, and this will be separate from its operational management role.”

The detailed mechanisms are still being discussed, but ensuring transparency and impartiality in the
allocation of funds to specific projects and groups is a key issue. There is also a need to establish a board to
advise on the area of technologies that should be addressed.

The present proposal is for theMembership of theNSTPPAB to be drawn from the BNSCpartners, other
Government organisations, and academic, industrial and NGO representatives. Its primary responsibility
will be to identify and advise how best to support the key technologies that will ensure a vibrant, competitive
and aVordable UK space capability. The Board will report to DG BNSC and its Terms of Reference will
be approved by the UK Space Board.”

16. Why does the UK invest proportionally smaller amounts in its domestic space programme relative to other
countries? Please provide information regarding the annual level of investment in the DTI Space national
programme from 2000–06.

The latest statistics defining national versus ESA spending in Europe is found in the “World Prospects for
Government Space Markets 2006”. As a percentage of space spending, the years of 2004 and 2005 show that
the UK had the fifth highest spend on national programmes of the 15 nations who contributed to ESA. [The
four highest percentage spends came from Italy, Finland, France and Sweden]. However, in 2006, BNSC
spending was further weighted to ESA programmes thus reducing the proportion of national programme
spending. This places the UK as in eighth place for percentage spending on the national programme. [The
seven higher spending countries as a percentage were France, Finland, Sweden, Italy, Netherlands, Austria
and Germany]. It should also be noted that for France, Italy and Germany, the absolute national spend is
higher than the UK because of their total space budget, allowing them to undertake a wider range of
activities nationally.

BNSC DTI national expenditure £ million

2000–01 2001–02 2002–03 2003–04 2004–05 2005–06 TOTAL

18.2 20.2 26.7 5.5 6.6 4.9 82.1

17. The minutes of the UK Shadow Space Board on 2 February 2005 noted that “the Board considered how to
move from the current position where a majority of core BNSC partnership costs fell to DTI to a position where
the partners on the Space Board shared responsibility for the costs”. What is the current position regarding
costs? What action has been taken regarding this issue since February 2005?

In 2002–03, it was agreed that the subscription costs for ESA programmes would be spread amongst the
relevant BNSCpartner organisations.However the administration and staV costs associatedwith the BNSC
“corporate activities” (hosted in DTI) fall mainly to DTI. These cover the oYce costs of all London staV,
salaries of the DTI staV acting across the partnership and some core communications activities.

NERC, PPARC/CCLRC,MODandMetOYce partners do have staV in London to fulfil key roles within
the BNSC HQ organisation. The current arrangements run until the end of the 2007–08 financial year, and
the UK Space Board (UKSB) will need to address how to share these costs from CSR2007.

18. Why are there no representatives of the public on the Space Advisory Council? Why were public
representatives deemed necessary?What plans are there to appoint representatives of the public to the Council?

The Space Advisory Council was originally established as a representative body for the breadth of UK
space interests to provide advice to the BNSC Space Board. Its members comprise all BNSC partners, the
Chairs of the BNSC Advisory Boards, and the Chair of the trade association UKspace, all ex oYcio.

The UK Space Board decided in 2005 that in order to strengthen the range of advice provided to BNSC
in the development of its policy, there would be merit in adding to the Space Advisory Council membership
representatives of the downstream space sector; broader academic interest; and the public.
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Following advertisement and careful consideration by the Chairs of the Council and Space Board, the
following were selected: Professor Len Culhane, FRS, Professor of Physics, University College London at
the Mullard Space Science Laboratory (academic); and Mr David Williams, Chief Executive, Avanti
Screenmedia Group plc (downstream). However, no decision was reached in the public category as there
were no applicants the Board considered would strengthen the Council in outreach.

The Board and Council nevertheless remained keen to bring in new areas of expertise, in particular in
raising public awareness of space, and so selected Mr Will Whitehorn of Virgin to represent the public
interest. In addition, Professor Sir Martin Sweeting of SSTL was also invited to join the Council in a
personal capacity in March 2006, in view of his exceptional experience.

19. What part will the UKplay inNASA’s lunar exploration programme?Towhat extent does the BNSCagree
with NASA’s lunar exploration objectives? What action has the BNSC taken in order to develop a relationship
with China and India?

Regarding NASA’s lunar exploration programme, no decision on participation has been taken. See the
answer to Question 8 regarding the actions that BNSC is taking to assess NASA’s plans and to establish the
UK’s position.

A summary of BNSC’s activities with third countries, including China and India, has been supplied
separately at the Committee’s request.

March 2007

Memorandum 98

Supplementary submission from the British National Space Centre (BNSC)

Funding of GMES

1. The Committee requested clarification of how the Global Monitoring for Environment and Security
(GMES) initiative is funded. There are two sources of funding: from the European Space Agency (ESA)
through subscriptions frommember states; and from theEuropeanUnion (EU) through the 7thFramework
Programme (FP7).

2. The ESAGMES Space Component programme aims to provide the satellite infrastructure to support
the GMES services (“Sentinel” satellites, ground segment, and access to data from other satellite missions).
The original ESA estimatewas that this would costƒ2.3 billion from2006–13, to put in place the operational
space infrastructure.85 They were planning to fund this through 50% ESA member state subscription
(including the UK) and 50% from the EU.

3. EU funding forGMES is from the FP7 Space programme (there is also potentially deminimis funding
for space from elsewhere in FP7, for example the Environment thematic priority). This programme has a
planned budget of ƒ1.43 billion, over seven years (2007–13), of which approximately ƒ1.2 billion is to be
used for GMES. The UK contributes to this through our net contribution to the overall budget of the EU
(ƒ157.2 million at 13.1%). Of the FP7 budget allocated to GMES, ESA has been identified as a direct
recipient of ƒ780 million. This is to be the EU’s contribution to fund the ESA Space Component
programme, with ƒ130 million of this for data access and ƒ650 million for developing the space
infrastructure. On the basis of ESA’s estimated costs for the ESA Space Component programme this leaves
a shortfall of approximatelyƒ370 million from the anticipated EU contribution. A breakdown of ESA and
Commission funding which includes the phasing of fund availability and nominal UK contributions to the
budget is provided in annex A.

4. TheCommission’s contribution to the ESA Space Component programmewill need to be handled and
spent by ESA in accordance with EU and FP7 rules. There are significant diVerences between ESA and EU
rules, including the handling of intellectual property rights, procurement rules, the participating countries,
and the issue of geo-return—a fundament of ESA programmes but not allowable under EU programmes.
A joint ESA-Commission Financial Engineering group is looking into how the transfer and ESA spending
of these funds will have to be handled but has yet to conclude its work on this.

5. The remaining FP7 Space Programme budget allocated to GMES will be spent through more typical
framework programme mechanisms, to help establish pre-operational GMES environmental and civil
security monitoring and information services.

6. At present there are no operational funding lines within the Commission for the operation of GMES
satellite infrastructure or services.

March 2007

85 GMES from concept to reality [COM(2005)565].



3553511098 Page Type [O] 12-07-07 01:53:06 Pag Table: COENEW PPSysB Unit: PAG1

Science and Technology Committee: Evidence Ev 363

Annex A

ESA MEMBER STATE FUNDING OF GMES SPACE COMPONENT PROGRAMME
(ƒ MILLION)

Segment/Phase Timing Envelope MS Subscription UK subscription

1/1 2006–09 200 250 11.04
1/2 2008–12 430 * *
2/– 2009–13 465 ** **

* Decision in mid-2007.
** Decision expected at ESA Ministerial in late 2008.

EUROPEAN COMMISSION PROPOSAL FOR FP7 (EU) FUNDING OF THE ESA SPACE
COMPONENT PROGRAMME (ƒ MILLION)

Year 3rd Party Data Space Infrastructure Annual Total UK contribution!

2007 48 — 48 6.3
2008 — — — —
2009 — 85 85 11.1
2010 50 120 170 22.3
2011 — 125 125 16.4
2012 — 160 160 21.0
2013 32 160 192 25.1
Total 130 650 780 102.2

! On the basis of net UK contribution of 13.1% to the overall EU budget.

Memorandum 99

Supplementary submission from UKspace

REQUIREMENT FOR GOVERNMENT INVOLVEMENT IN THE MARKET FOR SPACE

Introduction

1. This submission is from UKspace, the main Trade Association for the UK space industry.
Membership covers upstream satellite manufacturers, equipment suppliers and ground support providers,
including Astrium, SSTL, QinetiQ, Logica, Vega, SciSys, SEA and Serco and downstream operators and
service providers such as Inmarsat, BT and Infoterra. It is submitted to the Committee to expand on
evidence provided by Sir Martin Sweeting and Messieurs Martin, Paynter and Williams on 6 December
2006.

Summary

2. The UK’s space industry represents a vital high technology national capability, where the upstream
satellite manufacturers enable a wide range of high value-added downstream businesses in a rapidly
expanding global market for space-based services. However, the upstream industry does not operate in a
true commercial environment and this represents a substantial risk to the valuable downstream business,
thus necessitating HMG intervention.

3. The downstream business benefits strongly from having a vibrant upstream sector in the UK, as this
enables theUK community to influencemarket direction, definition& adoption of standards and regulatory
controls, and to be positioned to recognize and move rapidly to exploit new business opportunities.

4. Whilst the downstream businesses already operate in a fully commercial marketplace and do not
require special support fromHMG, the upstream space segment manufacturers (on which the downstream
rely) are in an international environment that is not yet commercial since it is highly distorted by the strategic
interests of national governments. The upstream space market is thus not yet commercially mature, even in
communications and certainly not in Earth Observation and Remote Sensing.

5. This intervention will be needed until the market matures and control of space assets is no longer seen
as of national strategic importance.
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6. Without this intervention producing a healthy UK upstream, the UK downstream will be less
competitive. TheUKupstream requiresHMG intervention to “level the playing field” when competingwith
foreign manufacturers who are supported very substantially through their government’s long-term
investment in strategic interests. The UK upstream has been remarkably successful in converting limited
HMG support into substantial ROI for theUK economy, however there is a discontinuity in the value chain
that prevents these economic returns reaching the upstream players and without intervention these UK
players are at risk of steadily slipping behind foreign competitors as the market for space expands.

7. The decline in long term investment by HMG in space technology is already seriously limiting UK
industry’s ability to build on its capabilities and maintain international competitiveness; and this kind of
long term investment is beyond the horizon of the UK’s capital markets. Continued decline in HMG long
term investment will inevitably lead to a further erosion of our national high technology capability in space.
This will result in a corresponding decline in the UK’s ability to play a leading role in key space business
opportunities, wealth creation and national security.

8. The following notes detail the immature nature of the space market and the essential need for a degree
of sustainedHMG support to restore andmaintainUK industry’s ability to exploit our national capabilities
and create opportunities for growing commercial businesses.

Discussion

9. Space is crucially important for the global economy and for national and international security. There
is a commercially competitive and growing international marketplace operating in conjunction with major
government and institutional procurement of satellite infrastructure and services. Key commercial and
security applications include broadcasting, communications, global navigation and remote observation.

10. This infrastructure is complex. Access is restricted by governments in areas of strategic national
interest, including secure communications, surveillance and security as well as certain technological
capabilities that also underpin industrial leadership. Some space assets are procured directly by national
governments; others are provided by multinational government funded collaborations (eg ESA) and
institutional customers (eg EUMATSAT). In some more commercial cases such as satellite
telecommunications, industrial contribution in development of new technology and infrastructure is
matched (50:50) to support received from national governments and from key international collaborations.

11. Government investment in major collaborations (e.g. Galileo, GMES) is essential in order that UK
industry is able to access the investment via European governments via ESA, EU, and GJU etc . . . These
programmes are fully funded by governments, recognising that self sustaining commercial activity will only
occur in the longer term. If the UK government does not invest at this stage it has a direct impact on the
distribution of work during development and subsequently—due to lack of positioning—a much larger
impact on the hoped for commercial follow through. GMES in particular has great political and
environmental importance as well as commercial implications for industry.

12. The commercial market at operator and downstream levels is driven by organisations oVering
innovative satellite services, leveraging advantage directly or indirectly from technologies developed under
government funding.

13. An additional factor distorting the market is the selective availability of technology arising from
military programmes. This seriously aVects those countries without substantial national engagement in such
activities, enabling strong nations such as the US and France to hold most of the upstream cards and
therefore a significant advantage in controlling the downstream game. Furthermore, countries with a strong
home defence market are less vulnerable to manipulation of export controls by others. In a number of areas,
particularly Earth Observation and Remote Sensing, the UK is not capturing the advantages of dual use of
space technology through an involvement in military applications and this increases the challenge facing
industry in overcoming overseas competition in the civil sector.

14. This interrelationship between government and private sector means that if its own government does
not participate, a nation’s industry finds itself unable to engage with advanced technology development as
eVectively as its competitors. As a consequence, industry will then find it extremely diYcult to develop the
vital leading edge products and services needed to outperform competitors in the commercial marketplace.

15. The strategic importance of the space and satellite infrastructure, its relationship to commercial
markets and its capacity to deliver social benefit is recognized by the majority of the world’s leading nations
and bymany developing nations. Their governments therefore fund national programmes and local industry
to ensure national sovereignty and leverage over strategic assets, skills and capabilities. However this is not
the case in the UK. The UK’s policy is to rely on the US for space related defence surveillance and it has
invested only on a very modest scale in European space, apart from ESA’s science programmes. This is
weakening industry’s ability to serve a number of important space markets, including satellite surveillance
and civil Earth observation in particular.
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16. The problem is exacerbated by the strong “user pays” philosophy which is at the heart of the UK
space policy. This means that Government (apart from the Research Councils) almost exclusively uses what
it can already buy on the commercial market or receive free of charge from institutional suppliers. This
results in:

— limited opportunities for the UK space industry to supply innovative products and services to its
home market;

— unbalanced UK involvement in space programmes, weighted strongly towards science, generally
without a holistic approach to engaging industry in programme implementation;

— dwindling support for technology development in the UK in support of space;

— weakened bargaining power in international dealings involving space;

— weakened industrial positioning for competitive ESA procurements; and

— diminishing UK geo-return from ESA and progressive attrition of UK space industry capability.

17. A further diYculty compounding the problem for industry is the “disconnected” nature of the value
chain. The bulk of the R&D to provide the infrastructure used by the downstream service segment is carried
out by the upstream component of the industry. Yet downstream suppliers exploiting the space
infrastructure do not need to procure space assets from upstream suppliers on the scale needed to fully fund
the necessary R&D and, in any event, a significant proportion of the upstream R&D is already funded by
other governments from tax revenues (much of it collected from profitable downstream service providers).
In the UK, this source of support for upstream R&D is significantly lacking in comparison to most other
countries.

18. Where R&D investment has been made in space, UK industry has shown that it can achieve well
above average financial returns, but this type of investment is becoming increasingly sub-critical.

19. From a private sector investor perspective, the commercial return on investment in space continues
to look attractive at the operator level where an international market has developed, but this is dependent
atmarginal cost on access to nationally funded technologies. However, further investment in new innovative
services that are dependent on new infrastructure looks unattractive in the short term—the time scale to
realise a return is long (sometimes 10–15 years) and there are multiple risks (technical, execution and
delivery, market, political/regulatory). Industry cannot take on all of these risks by itself, particularly when
the return is a long way into the future. The HYLASmodel—where ESA is a contributor—looks like a step
towards a solution, but this still involves significant government involvement to be able to attract
commercial investors.

20. Investment in downstream satellite services looksmore attractive but it too has to invest heavily from
its own resources to stay ahead and expand into growingmarkets. The return here can be rendered uncertain
by the fact that some governments are involved in procuring assets for public good, from which space
derived images and information are then frequently made freely available to institutional end users. This is
perhaps a good means of stimulating an initial downstream market but it does not facilitate a free-market
nor permit development of a vertically integrated value chain.

21. Downstream service revenues are where the government derives its financial return on investment in
space through commercial tax take. By not re-investing suYcient of this tax return from downstream
satellite services in the upstream R&D activity, the space in the UK is becoming a “cash cow” in a market
that is still growing and developing. The inevitable result is going to be a forced withdrawal from space by
the rest of the UK upstream industry and a weakened competitive position for UK downstream service
suppliers. The UK would lose its aerospace and pharmaceutical industries without governmental
involvement in market. With space it also risks loss of long term sovereignty over strategic security assets.

22. UK decisions not to engage strongly in a number of institutional programmes has already led to the
withdrawal of UK largest prime contractors in space, such as BAe and Marconi, leaving remaining
capability in the UK at this level largely in foreign hands and the only UK space segment prime contractor
left is SSTL.

23. Nevertheless, the remaining UK space industry is very eYcient and productive and has shown itself
capable of winning greater up- and downstream market share, when it can gain access to leading edge
technology quickly. However, this will only be sustainable if the government supports the relevant strategic
research, technology development and international engagement at an appropriate level.

24. The industry has also shown itself able to develop niches ahead of the main stream international
dependence on government procured infrastructure. UK leadership in small satellites was achieved during
the 1990s, before the niche was recognised by the US, France, Russia, China, India. That niche is now
subject to growing competition, non tariV barriers and export controls. The UK government needs to
engage in national technology development and demonstrations of innovative capability in order to
encourage further niches to develop, to sustain the UK presence long term and obtain a good return on
initial investment.
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25. For the future, the government should use its procurement power to drive innovation and
competitiveness in the space sector, as in aerospace and pharmaceuticals. Recent analysis by OEF shows
clearly that space oVers considerably above average leverage compared to many other areas of economic
and social activity.

26. The conclusion is that the UK cannot operate successfully and commercially in the growing space
market, or successfully protect its national strategic interests, without more substantial government
involvement in space. This is particularly important in the development and application of innovative space
technology and in the development of a more holistic, “joined-up” space strategy for the UK.

27. Government intervention will be needed for some time, but only for as long as the upstream market
remains subject to distortion by the national strategic interests of other nations. The options of “leaving the
upstream infrastructure provision to others” will not serve UK interests well as it results in loss of control
over the critical technologies, intellectual property and rights of ownership that are needed to underpin a
strong downstream position on which to base economic growth in the future.

January 2007

Memorandum 100

Supplementary submission from UKspace

THE ROLE OF GOVERNMENT IN SATELLITE TECHNOLOGY AND DEVELOPMENT

This supplementary submission is oVered by UKspace to support previous submissions by UKspace and
member companies, and seeks to clarify the technology andmarket environments, both global and national,
surrounding the continued role ofGovernment in supporting satellite technology development. The case for
continued public investment in UK satellite technologies lies in the basic characteristics of the global and
UK space business: the nature of the technology itself, the nature of the market, the maturity of the global
industry and related applications, and the investment community itself.

1. Space Technology is Cutting Edge

Space and satellite technologies operate at the frontier of human science and understanding. Many
satellite capabilities today were not thought possible 10 or 20 years ago. Using lasers in space to measure
wind direction and radar to measure ice depletion might have been considered science fiction only a decade
ago. Similarly, Astrium’s latest media satellite, Hot Bird 8, launched last year, carries as many TV channels
as 24 satellites built 10 years ago.

2. Space Technology is Inherently High-risk

Because satellites are not as easy to reach and therefore to repair as terrestrial infrastructure, satellite
technology needs to be at a very high level of maturity before the satellite is launched, imposing an
exceptionally high degree of financial risk due to the uncertainty over the amount of time andmoney needed
to get the technology to a suYcient state of perfection.

— These disruptive and high-risk characteristics of much satellite technology therefore pose
significant risks for the private investment community, who do not have access to a track record
of success for the technology. The role of Government as a launch partner in new high-technology
products and services is well documented, such as in the global aerospace community.

3. The Global Space Industry is Still in its Infancy

Space is a dramatically high-growth sector. The UK sector has grown 10% a year since 1999–2000, four
timesUK economic growth, and the global industry is forecast to grow from $180 billion today to $1 trillion
by 2020. Its rapid growth reflects the relative infancy of the sector. Satellite navigation services are a good
example, where the potential of location information is still largely untapped. The relative immaturity of
the marketplace plays a key role in attitudes by the investment community towards the sector. For example,
Avanti has remarked to the Committee on the narrow availability of space experts in the investment
community. As the sector grows and related applications grow, and as the sector grows a track record of
public and private investment successes, such as HYLAS, Skynet 5 and Inmarsat 4, so too will the
investment community’s confidence in and understanding of the sector grow.
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4. Strategic Investment in SpaceWorldwide isCreating aNon-levelPlayingField andDistorting

the Investment Environment

Governments around the world see space and satellites as strategic areas of manufacturing capability and
policy making. The 2006 US Space Strategy publicly calls for US dominance in space, and China has
recently even more publicly entered a space technology race. India is proceeding with its 25 year national
space plan. Public investment in space within the ESA member states averages at double the UK spend, as
a proportion of GDP. The US enables its industry to win business indirectly through a discretionary DoD
IR&D scheme of $3 billion pa. In Europe many countries now use ARTES and national programmes
(eg France) to prepare their industry for commercial opportunities.

— The UK has no portfolio of national space projects to help maintain its indigenous technology
leads, unlike many competitor nations, and the BNSC has little or no discretionary funding to
allow it the flexibility to support technology projects. Despite the UK’s leading position in the
European satellite communications sector, alongside France, UK investment in the ESA satcom
technology programme, ARTES, is now in eighth place, behind, for instance, Luxembourg.

5. Speed to Market is Key to Wealth Creation

The prospects for the UK to make money out of its world leadership in satellite technology rely on the
speed with which its industry can bring its technologies into the marketplace. The quicker the technology
is earning money for UK plc, the longer will the UK sustain its competitive advantage before competing
high-tech countries catch up with the technology and low-cost countries commoditise the technology more
cheaply. Speed to market is therefore an essential component of the wealth creation prospects behind
Britain’s satellite technology bank.

— As the Hylas case study has shown, public investment can play a critical role in raising private
investment and bringing the final product into the market more quickly—in the case of Hylas
“collapse the timescale from lab to market” [David Williams, Avanti, oral evidence] from six or
seven years to three years. UK Government investment, through the ARTES programme, in
Astrium’s advanced flexible payload technology raised the confidence of the private sector,
allowing Avanti to focus the City on their market forecasts and to raise funding more quickly.
Government partnership has therefore been critical to the business plan of Avanti, which is now
a company with forecast revenues of £600 million over the next 15 years.

6. Many Key Customers Remain Ignorant of the Potential of Space Solutions

Satellites are increasingly oVering innovative solutions for customer needs, both in the public and private
sectors. However the space sector is often up against both ignorance and vested interests of traditional
terrestrial solutions and a regulatory environment that has not caught up with the satellite solutions. Public
broadcasters often choose terrestrial transmitters without considering cheaper, environmentally sound
satellite alternatives. And the telecommunications regulator, OfCom, has, by not considering satellite
opportunities, eVectively created a regulatory environment that discourages satellite solutions.

7. Space As “Public Good” Depresses the Market Value of Many Space Markets

The public utility of many satellite based services is vast and rapidly growing. Public uses especially
include earth observation and early warning systems for environmental policy makers and for the academic
community. Such services are often freely available in the public domain, and as such depress the market
value of many satellite service markets. However without UK involvement in their provision, the UK
remains reliant on the continued goodwill of other countries and will have limited say in shaping the end
services to suit UK users. The social value behind many satellite applications also make it diYcult to place
a monetary value on the application.

8. Public Partnership is Critical to SMEs

Satellite and space projects are inherently high-risk and involve large financial sums. Government
partnerships have significantly helped the involvement of leading UK SMEs including SSTL and Avanti
and the development of advanced technology. Examples include investment by the DTI and BNSC in the
development of small satellite technology by Surrey Satellites. Initial seedcorn funding through the public
MOSAIC programme was critical for enabling Surrey Satellites to grow its constellation of earth
observation satellites, DMC, across the world.
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9. Space’s Elongated Value Chain Works Against Private Investment in Technology

The length of the value chain of the global space business stretches from the science community through
to the technology incubators in industry, into “wholesale operators” such as Avanti and Inmarsat, and
beyond into the market operators such as BT, BSkyB etc. The majority of the wealth generated in the UK
space business is in the high-growth service end of the sector, where the UK enjoys a 12.8% share of the
global market. Although the added value generated for the UK by the service sector derives in large part
from its early access to the technology developed by the “upstream”UK industry, this relationship does not
make it much easier for the upstream industry to raise private capital against the wealth derived by other
companies from its technology.

The UK’s bank of world-leading technologies underpins its leading role in the global space industry. If
the UK is to retain its 7.3% of the global space market, a market estimated to grow to $1 trillion by 2020,
then it should revisit recent cuts in its investment in ARTES, which remains the primary public-private
investment mechanism driving present and future wealth creation in UK Space.

March 2007

Memorandum 101

Supplementary submission from UKspace

CLIMATE CHANGE AND SATELLITE MONITORING

A Global Health Check for Planet Earth

This supplementary submission is oVered byUKspace to address what it perceived as a gap in the evidence
to the Inquiry on the subject of climate change and the critical role satellites play, and the role of UK space
policy in helping to build a long-term, truly global monitoring system.

Summary

Climate Change has never enjoyed a higher media or political profile in the UK. The Climate Change Bill
proposes a legally binding framework that will bring eVorts to tackle climate change into every home and
business in the country. However, eVorts to reduce national and global carbon footprints also point to an
urgent need for a stepchange in our approach to environmental monitoring. Without a global, long-term
monitoring system, the UK’s new climate change targets will not be eVectively policed and their impact will
not be fully known.

The importance of Environmental Monitoring

Our understanding of climate change rests on our understanding of many critical components in our
global ecosystem, and how they interact to cause changes in global climate. While the science community
is now settled on the reality of global change, we still do not know how these key “tipping points” will
change, and when. These key indicators (see image) include desertification in sub-Saharan Africa,
deforestation and droughts in the Amazon, changes in the ozone layer, the Greenland ice sheet, salinity
valves in the world’s oceans, methane emissions from the defrosting Siberian tundra, etc.
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The importance of environmental monitoring is well recognised. The Chancellor has spoken about the
need for “having the best observation system and information on how the climate will change”. April 2006,
Mozambique The Stern Review highlighted the need for continued “high quality climate information” to
monitor the eVects of mitigation and to guide adaptation strategies. Sir DavidKing, the Government’s chief
scientist, has recently said: “There is no doubt that satellites, often designed and built in the UK, play a
critical role in evaluating man’s impact on the environment”. And both the 2005 G8 Summit (Gleneagles
Communiqué 2005, Action Plan, Para 34) and the Prime Minister’s Natural Hazards Working Group
highlight the continued importance of earth observation in tackling climate change and natural disasters.

The role of satellites in monitoring climate change

Satellites are the best way of monitoring gradual change on a global scale. Specifically, satellites are often
the best, and sometimes the only way of monitoring the most important environmental “tipping points”
linked to climate change. In addition,much environmentalmonitoring is gradually shifting from local, land-
basedmonitoring to globalmonitoring from space to provide global and continuousmonitoring that simply
is not available from the ground. Examples of satellite based monitoring include:

Tracking CO2 from forest fires

Rising temperatures are causing more forest fires, already the cause of 25% of all CO2 emissions.
Temperatures in Siberia, home to half the carbon in the world’s forests, rose by 3 degrees in the last 40 years.
Every year, 3.5million hectares go up in flames in central Siberia alone.MediterraneanEurope loses another
0.5 million hectares and Africa loses almost the entire savannah south of the rainforests annually. Satellites
can pinpoint active fires and their smoke plumes and preciselymeasure their impact by tracking “burn scars”
visible from orbit. Satellites including the European Space Agency’s Envisat and the UK built Disaster
Monitoring Constellation (DMC) are enabling UK scientists at NERC to calculate how much carbon is
released into the atmosphere every year by forest fires and improving response eVorts.

Improving predictions of hurricanes

Climate change scientists have long predicted more frequent and more extreme hurricanes due to rising
sea-surface temperatures. Hurricanes can occur when temperatures exceed 26 degrees, and a 0.5 degree rise
in temperatures produces a 3% increase in wind speed. 2005 was themost active and violent year for tropical
storms in the Atlantic since records began in the 19th century.

Sea-surface temperatures are being monitored by the AATSR instrument, designed and built by Astrium
in the UK, on board the environmental satellite Envisat. Scientists at Leicester University use this data to
create the most comprehensive map of the world’s sea surface temperatures.



3553511101 Page Type [E] 12-07-07 01:53:06 Pag Table: COENEW PPSysB Unit: PAG1

Ev 370 Science and Technology Committee: Evidence

Monitoring our oceans

Sea levels are predicted to rise by up to 90 centimetres this century. 13 of the world’s 15 largest cities are
on the coast, and 300 million people live less than 1 metre above sea level. Europe’s Envisat satellite is
providing data on sea levels that are accurate to within a few millimetres.

Climate models suggest major ocean currents will change. NERC’s £20 million Rapid Climate Change
Programme is using satellite data to help monitor the North Atlantic’s most important current—the
Atlantic Conveyor Belt.

Scientists estimate that Arctic sea ice could disappear in summermonths by 2060.Without this white coat,
planet Earth will absorb more heat. The UK-led Cryosat II satellite will measure ice sheet and sea ice
thickness in unprecedented detail.

The Way Ahead—a Global Health Check for Planet Earth

Currently, monitoring requirements are driven by immediate policy needs and environmental and
humanitarian crises. This piecemeal, reactive approach has resulted in many gaps and gaps in the continuity
of key datasets. However, there is an increasing recognition of the need for a comprehensive, long-term
global environmental monitoring system.

Internationally, the need for the global solution is recognised through GEOSS—to which the UK was
politically committed at Gleneagles. The European component of GEOSS is called GMES—Global
Monitoring for Environment and Security—which will ensure long-term provision of environmental
information, in particular, addressing climate change needs.

What does this mean for the UK?

There are strategic, economic and social benefits arising from participation in GMES. Economically,
PWC estimates that socio-economic benefits to Europe and the UK from GMES are estimated at
approximately ƒ90 billion over 25 years with 80% attributable to climate change. In terms of the
environmental and policy benefits, full UK participation will ensure the system properly meets climate
change needs and allows UK climate change scientists to help shape the global monitoring system.

International cooperation provides the only aVordableway ofmonitoring our global climate.As the Stern
Review warns, nations must avoid the temptation of “free riding” in the hope that other nations will
shoulder the burden. GMES is the only global monitoring system in town.

GMES—The Next Steps

The decision point for the next Phase of the ESA-led space infrastructure programme will be made in
September 2007. The eventual success of the programme relies on full participation of all major European
partners, especially for the UK in the area of atmospheric monitoring which is crucial to understanding
climate change.

March 2007

Memorandum 102

Supplementary memorandum from Astrium Limited

The Minister of Science declared that the UK would subscribe £90 million to the ARTES programme at
the ESA Ministerial Meetings in Edinburgh in 2001 for the period 2002–05 and £16 million at the Berlin
ESA Ministerial in 2005 for the period 2006–07.

Annualised these figures give a subscription value of £18 million for the five year period covered by the
2002–05 subscription and £8 million for the two years covered by the 2006–07 subscription.

When cost appreciation in line with standard ESA practice is taken into account together with integer
rounding, these figures eVectively endorse theUKSpace statement that “inDecember 2005UKGovernment
reduced investment in ARTES from £20 million to £8 million”.

March 2007
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Memorandum 103

Supplementary memorandum from the British Interplanetary Society

UK HUMAN SPACEFLIGHT—BIS LOW COST PROJECT PROPOSAL

1. Background

It is considered important for the UK to establish a modest human spaceflight presence, in line with the
rest of the industrialised world. There are strong scientific, education outreach, industrial and inspiration
reasons for this (see associated British Interplanetary Society evidence to the Select Committee.) In order
to become properly engaged in the US and ESA manned plans for a return to the Moon (by 2020) and the
future exploration of the solar system, a low-cost manned science-education project with UK access to the
International Space Station (ISS) should be commenced in the next two years.

2. Project Proposal

An aVordable and meaningful ISS access project can be undertaken for approximately £50 million over
five years (see costings below) at £10 million per year. This only represents a 5% increase in the current UK
civil space budget. The purposes of the project are to establish an embryonic scientist-astronaut corps,
engage with the future manned space projects of international partners and establish expertise and
experience in manned space activities. Substantial education benefits will occur and microgravity science
results will be significant and part of the future European programme for life and physical sciences and
applications utilising the International Space Station (ELIPS).

Three UK scientist-astronauts will be selected, commencing 2008 for a five-year project, with two to fly
two separate 10 day commercial Soyuz flights to the ISS, with eight day experiment time on-board using
Russian and ESA/NASA facilities by agreement. Extensive education outreach work involving schools and
colleges would continue through the programme; a Stage 2 project could be envisaged for the future to
provide follow-on experimental work for PhD and long term science course involvement. Private industry
input may contribute, if appropriate; experiment manufacture will be undertaken by UK firms.

3. Programme Costing Estimates

Soyuz flights—2 w £10.7 million ($21 million) each % £21.4 million
Experiment programmes: 40 w £0.15 million % £6 million
Launch 200 kg experiments w $20,000/kg % £2 million
ISS services (beyond commercial flight costs if needed)—approximately $10million % £6 million
Organisation/admin/PR—overheads and salaries (10%) % £4 million
Inflation (2%/year over five years % 10%) % £4 million
Margin (10%) % £4 million
Total: £47.4 million

Notes

The above figures assume agreement will be reached with Roscosmos on standard (current February
2007) commercial Soyuz seat prices and launch rates. Access to Russian ISS facilities is included in the flight
cost—extra agreement with ESA/NASA/JAXA may be required for further lab access, if needed (the ISS
services portion above). No costing has been included for Stage 2 outreach work (ie beyond the five year
project period). No ELIPS membership cost has been included.

March 2007
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Supplementary evidence from the Department for Transport

Road Pricing

— No decision has been taken on a national road pricing scheme. If and when this occurs, further
primary legislation would be required.

— The draft Road Transport Bill will update the existing powers that allow the development of local
road pricing schemes that will tackle congestion and help to inform future decisions on national
road pricing.
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— The Department’s Transport Innovation Fund (TIF) directs resources towards the achievement
of two very high priority key objectives—specifically tackling congestion and improving
productivity.

— We are also keen to work with the market to address the technical challenges needed for road
pricing to work. The Department has allocated £10 million for time, distance and place charging
demonstration projects.

— We have invited expressions of interest from the market and have received a good response. We
will be issuing a procurement notice shortly which will allow us to work with a group of
commercial suppliers to research road pricing systems and technology.

Pilot Schemes:

— From 2008, £200 million of congestion TIF money will be made available to support schemes
which tackle congestion.

— In advance of this, £14.5 million has been allocated by the Department for “pump priming” funds
to explore the potential for schemes.

— The logic of local schemes is to ensure, not only that the technologies work on the ground, but also
that we gain experience in varying communities.

Round 1: pump priming

In November 2005 £7 million was allocated to seven areas:

— Greater Bristol (former Avon unitary authorities);

— Cambridgeshire;

— Durham;

— Greater Manchester;

— Shropshire (for Shrewsbury);

— Tyne & Wear; and

— West Midlands conurbation.

Round 2: pump priming

A further £7.5 million was awarded last November to six of these areas (Bristol did not bid) and three
new areas:

— Nottingham, Leicester and Derby and the surrounding counties;

— Norfolk (for Norwich); and

— Reading.

Signal Jamming

One of the purposes of the EC-US Agreement, which can be terminated with one year’s notice, is to
prevent overlap of the Galileo signals with the US military signals. The consequence of overlap would be
that jamming of one signal would have the eVect of jamming the other. There is no express reference to a
requirement to jam a signal in the event of hostilities. Article 11(2) does, however, allow the signatories to
carry out local jamming of any satellite navigation system in an area of hostilities.

The agreement assumes that the Galileo signal and the receivers to be used have a civilian purpose
only. Military signals are, save to the extent provided for specifically in 11(2) and the Annex, outside the
scope of the agreement.

March 2007
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Memorandum 105

Supplementary submission from the British National Space Centre (BNSC)

BNSC is grateful to the Committee for the opportunity to provide information relating to developments
since its memorandum of October 2006.

Global Exploration Strategy

In Paragraph 5.2 sub section iii, BNSC referred to the need for the UK to “decide how it should respond
to the new US-led initiative on exploration and exploitation of space”, noting that “this is not entirely an
issue of science but will also address exploitation”.

In order to progress this policy area, BNSC has taken several actions. BNSC is one of 14 space agencies,
including the US, Europe, China, Russia and Japan who have set up an ad-hoc “Global Exploration
Strategy” team to define how each country can pursue space exploration through long term coordination
and collaboration. Both robotic and human exploration is foreseen, focused on the Moon, Mars and
asteroids. A “Framework for Coordination” has been jointly prepared and will shortly be published. This
is not a proposal for a single programme but instead will create a means to share plans and explore
collaboration at a global level in order to maximise the common benefits in terms of science, technology,
commercialisation and inspiration. The BNSC partners are actively considering whether BNSC can
contribute to the robotic aspects. See http://www.bnsc.gov.uk/content.aspx?nid%6283 for further
information.

The BNSC has set up a Space Exploration Working Group composed of 22 scientists, technologists,
entrepreneurs, oYcials and independents to assess the developing global scene in space exploration and
suggest long term scenarios for UK involvement. The Terms of Reference and membership are published
on the BNSC web site via a link at: http://www.bnsc.gov.uk/content.aspx?nid%5592 . This ad hoc group
has been set up in recognition of the need to develop policy in this area and it is expected that it will publish
its report by the summer, in time to inform the overall new BNSC strategy document.

Finally, BNSC has also been engaged in bilateral discussions with NASA to explore whether the UK
should be involved in NASA’s plans for lunar exploration. Discussions within European partners on lunar
exploration are also underway through the UK’s participation in the ESA Aurora programme.

Discussions on a Possible ESA Facility in UK

BNSC has recently started preliminary discussions with ESA on the possibility of establishing an ESA
facility in the UK. Currently, the UK is the only major ESAmember state without a recognised ESA facility
in its territory, while France, Germany, Italy, the Netherlands, Spain, Norway, Sweden and Belgium have
facilities. For the UK, any such facility should complement and enhance our existing space capabilities, and
provide a stimulus for long term economic development based on exploiting the science, technology and
data products of space activities. For ESA, a UK based facility must fill a current gap in its activities, and/
or add value.

A formal discussion between BNSC and Mr Dordain (DG ESA) took place in February 2007. Mr
Dordain was supportive in principle and invited proposals on possible ESA facilities which could be based
in UK. It was also agreed to set up a BNSC/ESA Working Group to further evaluate the issue and come
up with a set of recommendations on options. Composed of senior staV from both organisations, the
working group is expected to complete its work by summer 2007. In order to prepare for further discussions
with ESA, BNSC has taken informal input from partners and UKSpace, the space industry body.

In terms of a location for the possible ESA facility, a leading area being considered is the plannedHarwell
Business Campus where it is envisaged that such a facility could form part of a cluster of facilities alongside
those of Government and industry. At this stage, a number of possible options are being considered. These
include the fields of space exploration, covering scientific and technological aspects, as well as applications
and exploitation of space derived data, which are areas of significant UK expertise and interest.

Updating the Licensing Arrangements under the Outer Space (1986) Act (OSA)

The OSA licensing activities arise because of international (UN Outer Space Treaty) obligations on
Governments to (i) maintain a register of objects sent into space; (ii) ensure safety of operations for such
space activities; and (iii) bear ultimate liability for costs arising from accidental damage to third parties from
UK space activities.
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The licensing process involves ensuring: (i) the financial health of licencees; (ii) that the activity does not
pose risks to public health, safety or UK national security; (iii) an unlimited indemnity from the licensee to
HMG against any proven third party costs resulting from the activities and to help manage this indemnity;
and (iv) third party liability insurance (to a minimum of £100 million) both during the launch and while the
satellite is in operation.

Industry have often argued that the potentially unlimited liability and the requirement to obtain insurance
cover during the operational phase (following launch) are too onerous and anomalous compared to the
other main space faring countries.

Asmentioned in the originalMemorandum submitted byDTI (para 37), following an independent review
of the UK licensing regime, BNSC is now investigating possible updates. Any amendments must balance
the need to ensure that it does not place onerous conditions on industry while also ensuring Government’s
obligations on health, safety and national security as well as minimising the exposure of the public purse to
liabilities arising from licensees. Possible future options for handling liability are being considered.
Discussions are ongoing with HM Treasury. A further issue being considered is the appropriate licence fee
(currently a single charge of £6,500 per application) which has remained unchanged while the costs of
processing have increased. Once these issues have been concluded, a public consultation is envisaged later
this year outlining the proposed new approach.

Space Benefiting Society At Large (Paras 2.1–2.5)

Since the original submission to the Select Committee, further work has been completed to assess the
economic benefits deriving from BNSC investments in civil space activities. The report on these
expenditures86 indicates that “the UK space programme has generated a strongly positive financial return”
The report suggests that BNSC support for commercial objectives is responsible for between 4% and 6% of
total UK space value added (contribution to national income). Additionally it estimates that these BNSC
investments contribute two to three times their value in GDP. These economic benefits do not take account
of the additional and very substantial scientific and policy benefits that also derive fromUK expenditure on
civil space.

National Space Technology Programme (NSTP) [previously known as the JSTP] (Paras 2.13–2.14)

There has been good progress towards the establishment of an NSTP through the CCLRC led bid for an
annual budget of £18 million into the CSR. CCLRC is joining with PPARC (another BNSC partner) on the
1 April to form the STFC (Science and Technology Facilities Council). An early decision on the funding is
expected following the CSR settlement of 5.5% cash increase for the Science Budget announced by the
Chancellor in the Budget Speech.

The core activities in the NSTP will be:

(i) To identify opportunities for knowledge transfer, and the exploitation of established and emerging
space technologies, including the extent to which they can address the requirements of individual
BNSC partners.

(ii) To perform “proof of concept” and technology risk reduction to establish the viability of
candidate technologies and systems.

(iii) To exploit opportunities for collaboration and technology demonstration, including flight
heritage, and to stimulate private finance investment.

(iv) To coordinate and provide formal reports and other advice to partners to inform their investments
and the delivery of services.

The programme will support proposals on the basis of their innovation, value for money, and socio-
economical potential. Priority will be given in particular to proposals that establish or reflect a UK global
leadership in a capability (eg telecommunications, small satellites).

The Space Board approved the arrangements for the implementation of the programme and the BSNC
led Programme Management Team is now working towards a first Call for proposals in December 2007.
The Space Board also proposed the establishment of a Programme Advisory Board comprising eight to 10
individuals recruited by open competition.

April 2007

86 Evaluation of the Economic Case for BNSC’s Funding of Civil Space Programmes. Final Report. March 2007. Technopolis
Ltd and Sagentia.
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Memorandum 106

Supplementary evidence from the British National Space Centre (BNSC) following the evidence session on
18 April 2007

BNSC

(a) How many staV work at BNSC headquarters? How many staV at BNSC headquarters are on secondment
and where are they seconded from?

Forty three staVwork in BNSC headquarters on a full or part-time basis. Of these, 30 are DTI employees;
four are from STFC; three fromNERC; two are fromMoD; one is fromDEFRA; and one is seconded from
DfT, whilst two are seconded from industry.

(b) What are the annual overheads of BNSC headquarters and how is this split between the partners?

DTI “hosts” the BNSCheadquarters and provides the “running costs” coveringDTI staV and travel costs
(and the costs of a DfT secondee), together with headquarters’ General Administrative Expenditure. The
DTI allocation was £1.6 million in 2006–07. NERC, STFC and MoD cover the salary and travel costs of
their staV working in BNSC.

(c) Why does BNSC headquarters not have its own budget?

As stated above, BNSC HQ has a budget allocated to it via the DTI. These costs are associated with the
cost of “hosting” BNSC (above) and covers admin expenditure as well as communications and outreach
activities.

It is in the nature of the partnership that each partner brings relevant resources as appropriate for
programme activities. BNSC provides the framework and overall strategy for these programmes. DTI acts
as the “host” department for BNSC in terms ofMinisterial interaction. BNSC also acts as the external policy
interface for space.

The NAO Report (para 1.1) stated that “The partnership approach is appropriate given the United
Kingdom’s policy emphasis on the uses and users of space.”

(d) What action has been taken by the BNSC in response to the recommendation by the National Audit OYce
in its report, The United Kingdom’s Civil Space Activities (March 2004) that “The Headquarters would
benefit, however, from having more staV skilled in strategic planning, commercial activities and marketing”?
(p 3)

Since the publication of the NAO Report, a number of new staV have joined BNSC and these
appointments have addressed the skills issue. Specific examples are:

— Director General (Dr David Williams): considerable experience of the global space sector and
through his previous role in EUMETSAT, experience in strategy.

— Director UK Space Policy and European Relations: Experience in public and private sectors:
private sector experience includes working in SME, technology and programme management.

— Director for Space Science: seconded from STFC and through his previous employment in space
industry has wide ranging marketing and commercial as well as in depth technological experience.

— Director for Industrial Policy: seconded fromMOD and has wide ranging operational and agency
management.

— Director for Earth Observation: seconded to NERC from DEFRA and has extensive experience
of Earth Observation applications and the EU environment.

— Three senior staV: two of whom are secondees from UK space industry; the other is a secondee
from DEFRA with valuable experience of DEFRA’s perspectives.

Expenditure by STFC (PPARC & CCLRC)

What has been the annual expenditure by PPARC and CCLRC on the following areas over the last 10 years?

Please note that CCLRC received funding from PPARC. The figures for CCLRC have not been adjusted
to remove this duplication in terms of the overall funding available. In general about 40% of the CCLRC
funding quoted in the tables below was received from PPARC.
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(a) Space instrumentation for projects in ESA, NASA or other bilateral missions

PPARC FUNDING: INSTRUMENTATION—CURRENT PROGRAMME £ MILLION

1997–98 1998–99 1999–2000 2000–01 2001–02 2002–03 2003–04 2004–05 2005–06 2006–07 2007–08

Total n/a n/a 6.6 5.9 7.4 8.1 7.1 6.5 8.7 6.8 6.2

Cash basis—not adjusted for inflation

ESTIMATE OF CCLRC FUNDING—£ MILLION

1997–98 1998–99 1999–2000 2000–01 2001–02 2002–03 2003–04 2004–05 2005–06 2006–07

Total 7 8 8 9 9 10 10 12 11 10

(b) Funding for the development of new instruments or technology for missions not yet approved

PPARC/STFC FUNDING: NON APPROVED PROGRAMME—INSTRUMENTATION
£ MILLION

2006–07 2007–08 2008–09 2009–10 2010–11

Total 0.3 0.4 0.2 2.0 4.0

Cash basis—not adjusted for inflation; future funding subject to CSR outcome; envisaged funding for
instruments on theAuroraExomars Programme is not included in the table as the final payload complement
has not been approved at the relevant ESA Programme Board.

ESTIMATE OF CCLRC FUNDING—£ MILLION

1997–98 1998–99 1999–2000 2000–01 2001–02 2002–03 2003–04 2004–05 2005–06 2006–07

Total 0.7 0.7 0.55 0.55 0.25 0.25 0.2 0.2 0.15 0.15

(c) Funding for operating space instruments and processing data

PPARC FUNDING: OPERATIONS AND DATA PROCESSING £ MILLION

1997–98 1998–99 1999–2000 2000–01 2001–02 2002–03 2003–04 2004–05 2005–06 2006–07 2007–08

Total n/a n/a 2.5 2.6 4.0 4.6 4.7 5.0 4.8 5.0 4.8

Cash basis—not adjusted for inflation

ESTIMATE OF CCLRC FUNDING—£ MILLION

1997–98 1998–99 1999–2000 2000–01 2001–02 2002–03 2003–04 2004–05 2005–06 2006–07

Total 0.1 0.15 0.15 0.15 0.75 0.85 0.9 1.0 1.2 1.2

(d) Funding for analysis and interpretation of space data

PPARC FUNDING: DATA ANALYSIS AND INTERPRETATION £ MILLION

1999–2000 2000–01 2001–02 2002–03 2003–04 2004–05 2005–06 2006–07 2007–08

Total 9.6 9.0 9.8 11.2 11.4 12.7 12.3 14.5 14.2

Cash basis—not adjusted for inflation; includes generic technical development
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CCLRC

Approximately £3 million per year average over last 10 years; data not available by year.

Space Science

Mr Newmark asked about the number of students studying space science (Q701). Has the number of students
studying space science declined, increased or remained stable over the past five years?

BNSC only has the statistics available from students funded by STFC. Students may also be funded via
other Councils, universities and private funds, and there is no central collation. The following data
represents numbers of PPARC/STFC postgraduate studentships in astronomy.

Table 3.1

POSTGRAD STUDENTSHIPS IN ASTRONOMY SUPPORTED BY PPARC/STFC

2000 2001 2002 2003 2004 2005 2006

In year allocation of new 107 102 102 107 103 108 108
Astronomy Quota Students
Existing total current 322 321 335 329 346 347 350
Astronomy Students

Expenditure by NERC

What has been the annual expenditure by NERC on the following areas over the last 10 years?

(a) Space instrumentation for projects in ESA, NASA or other bilateral missions

(b) Funding for the development of new instruments or technology for missions not yet approved

(c) Funding for operating space instruments and processing data

(d) Funding for analysis and interpretation of space data

1. Table 3.2 provides information on NERC’s investments in Earth Observation against the categories
stated above. Since April 2003 NERC has been responsible for the UK’s subscription to a number of
European Space Agency programmes.

TABLE 3.2

EXPENDITURE BY NERC

£m 1997–98 1998–99 1999–2000 2000–01 2001–02 2002–03 2003–04 2004–05 2005–06 2006–07

a) Space instrumentation 5.298 1.600 1.600 1.700 0.900 0.965 26.025 23.736 24.605 22.030
for projects in ESA, NASA
or other bilateral missions
b) Funding for the " " " 0.300 0.100 0.648 4.243 4.599 4.853 5.150
development of new
instruments or technology
for missions not yet
approved
c) Funding for operating 1.128 0.800 0.800 1.300 0.600 0.356 14.822 15.690 15.939 7.373
space instruments and
processing data
d) Funding for analysis 2.811 2.300 1.900 2.400 2.400 3.198 6.557 7.678 8.364 8.044
and interpretation of space
data

GRAND TOTAL (note 1) 9.237 4.700 4.300 5.400 3.900 4.519 51.647 51.703 53.761 42.597 (note 2)

1. The above table represents expenditure by NERC through its dedicated Earth Observation
Programme. In addition, NERC funds space activities as part of responsive mode grants, Services &
Facilities, Research Centre programmes and other funding schemes. A recent analysis showed that NERC
spent approximately £10million per annum over the last five years on such projects or programmes. As only
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a small percentage of this expenditure relates to space activities within these projects or programmes, they
have not been included in above table. The activities fall mainly in category d) and some in category b)
and c).

2. ESA call up varies annually and is agreed with NERC within the framework of an overall long-term
commitment. The drop in 2006–07 reflects the call-up profile rather than any programme reduction.

Expenditure by DTI

(i) What has been the annual expenditure by DTI on the following areas over the last 10 years?

(a) Direct hardware provision for space missions

£ MILLION

1997–98 1998–99 1999–2000 2000–01 2001–02 2002–03 2003–04 2004–05 2005–06

Total 82.81 75.72 67.67 64.42 59.69 58.70 28.95 34.63 36.20

(b) Central UK subscriptions to ESA programmes of technology development

£ MILLION

1997–98 1998–99 1999–2000 2000–01 2001–02 2002–03 2003–04 2004–05 2005–06

Total 18.72 9.66 15.56 20.47 20.81 14.32 4.15 4.07 6.25

(c) UK generic technology development programmes

£ MILLION

1997–98 1998–99 1999–2000 2000–01 2001–02 2002–03 2003–04 2004–05 2005–06

Total 1.15 2.38 4.50 6.00 7.00 12.04 1.00 0 0

(d) Activities supporting industrial bids for space project contracts

The main purpose of the ATS (Applications Technology Support) programme under 4(c) above was to
provide support for industrial bids principally to ESA.

(ii) We are grateful for the information that you have previously sent regarding the DTI national expenditure
on space. We have some further questions regarding these figures:

(a) What activities did the DTI national programme support in 2001–02 and at what level?

The national expenditure in 2001–02 amounted to nearly £20 million. This principally provided support
in the following areas:

— Applications Technology Support (ATS)—National Technology Support Programme £7.0
million.

— Microsatellite Applications in Collaboration—the MOSAIC Small Satellite Programme which
supported three small satellite projects (TOPSAT, GEMINI and DMC) £7.6 million.

— A National Satellite Communications Programme £3.0 million.

— A National Earth Observation Programme, including international collaboration £2.2 million.

(b) What activities is the DTI national programme currently supporting and at what level?

In 2006–07 theDTINational Programme amounted to £3.1million. Thiswas principally directed towards
the provision of technical support and advice to BNSC on a range of issues coveringUK civil space interests
where capability was not available in-house.
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(c) Why did investment in the DTI national programme reduce from £20.2 million in 2001–02 to £6.6 million
in 2004–05?

This reduction was principally due to theDTIReview of Business Support Schemes which concluded that
support by DTI to individual sectors should in future be channelled into the Technology Strategy budget.

(d) Dr Williams told us that “The DTI used to have the money that was in NERC and some of the money in
what is now STFC. When that split was made some of the money went out and there has been a reduction”
(Q 681). How much was this reduction?

This change occurred from 2003–04 onwards. See chart below.

2001–02 2002–03 2003–04 2004–05 2005–06

DTI 87.50 85.06 34.10 38.70 42.45
PPARC 42.50 48.96 73.86 66.20 76.36
Met. OYce 23.27 13.89 22.39 31.84 30.00
NERC 10.50 9.99 51.00 52.20 53.80
MOD 5.00 2.30 2.30 2.00 2.00
DfT 0.41 0.00 0.00 7.00 3.00
DEFRA 0.00 0.00 0.00 0.00 0.00

Total 169.18 160.20 183.65 197.94 207.61

(iii) Why is there an apparent inconsistency between the figures supplied to the Committee stating that the UK
spent 30.54 million Euros in 2006 on subscriptions to ARTES and the figures quoted in aDecember 2005 BNSC
press release that announced that the subscription level would be 22.7 million Euros?

At the 2005 ESA Ministerial Council in Berlin the UK subscribed 22.7 million Euros of new money to
ESA’sARTESprogramme. This is then spent against an annual programme over a period of time. The 30.54
million Euros ARTES expenditure in 2006 represents the annual spend of all existing subscriptions to
ARTES in the financial year 2006.

National Space Technology Programme

(a) Why was it necessary to develop the NSTP? What have been the key events in its development?

The NSTP is intended to ensure that UK is able to identify and develop a coherent cross partner plan for
the essential underpinning technological capabilities that are needed for international space programmes
and markets, especially ESA. The BNSC believe that the current activities are both too dispersed and that
the overall annual funding level is insuYcient. The programme is a BNSCHQ initiative and the programme
proposal has evolved through a series of BNSC papers discussed by the BNSC Space Technology Advisory
Board, the Space Advisory Council and the UK Space Board over the 12 months up to March 2007. The
proposal was also discussed and approved by the CCLRC Council as it forms part of the CCLRC’s CSR
submission which is now with STFC.

(b) When will the budget for the NSTP be settled?

The budget will be settled as part of the CSR settlement for STFC which is currently expected to be in
the period up to October 2007.

(c) Dr Williams told us that he is trying to “establish a single programme of activity in terms of content and
direction and then find each of the partners who can contribute to it to fund part of it”. Where will the money
for the NSTP come from? Which BNSC partners will contribute to it in future?

The anticipation is that the core new funding will come from the STFC (previously CCLRC) CSR bid.
The aim will then be to align existing national programmes of each partner to ensure a coherent overall
programme. Thus funds from existing BNSC partners will be embraced. In the longer term other funding
sources will be addressed including ESA, EC, over Research Councils and industry.



3553511110 Page Type [E] 12-07-07 01:53:06 Pag Table: COENEW PPSysB Unit: PAG1

Ev 380 Science and Technology Committee: Evidence

(d) Will there be any overlap of activities funded by the DTI National Programme and those funded by the
NSTP? Will the DTI National Programme continue to run alongside the NSTP or will it be subsumed into
the NSTP?

There will by design be no overlap in the first instance. Looking forward, one model is to have a separate
legal funding line for each partner/funding source and a coherent set of activities, whilst another is for a
single legal funding line with contributions from each partner and other sources. In the first instance it will
be the former.

(e) What will be the relationship between the NSTP and the Technology Strategy Board?

The new Technology Strategy Board (TSB) is in the process of being set up, and there is at present no
formal plan setting out the ongoing relationship, including whether the TSB should be responsible for
funding aspects of space activity. Discussions are ongoing on how the relationship may develop, but a close
working relationship is envisaged.

(f) How will responsibility for the NSTP be split between the STFC and the BNSC?

TheUK Space Board has agreed that the programme will be led by BNSC. The CEO of STFC is formally
the Accounting OYcer, and will delegate full responsibility to DG BNSC. BNSC will establish an advisory
structure to define the areas of technology to be addressed. The operational aspects (eg contracts awards,
bills, IPR managements) will be undertaken using STFC business processes.

(g) Which Departments/Research Councils are represented on the programme management team?

There is currently an interim surrogate Programme Management Team comprising experts from BNSC,
STFC, DSTL, NPL and Cranfield University.

Alphasat

Dr David Williams told us that “we recently agreed, through the Minister and through the DTI,
to find money for a programme, Alphasat in ESA, which is a telecoms programme aimed at the
commercial market” (Q 685). We would be grateful to know the following:

(a) What are the benefits of the Alphasat programme?

The Alphasat programme is designed to develop through ESA the next generation of telecommunication
satellites. The satellite proposed by Inmarsat would be the most advanced civil mobile telecommunication
satellite to date and would incorporate the next generation of EADS Astrium’s digital processing
technology. The satellite will support new and improved broadband services particularly to developing
countries to address the problems of a lack of aVordable and sustainable communications. It will put the
UK at the forefront of satellite telecommunications activities world-wide. Potentially it oVers total revenues
of $300–600 million pa to the operator.

(b) What levels of funding have been found by the BNSC? And

(c) What interaction there has been between BNSC, SEEDA, LDA and EEDA on this project?

The total investment foreseen through the BNSC is some £42 million from DTI, and RDA’s. There have
been regular discussions and exchanges between BNSC and the three RDAs and BNSC has provided the
material necessary to enable the RDAs to evaluate the Alphasat project and commit £12 million each.

(d) Are there previous models of involving RDAs in space investment and if the BNSC has plans to involve other
RDAs in future projects?

We believe that this is the first time that any of the RDAs have supported an ESA technical space
programme space project. BNSCwould be very interested to work with RDAs in future if there is a business
case to do so. On wider aspects, BNSC is working closely on space education activities with Yorkshire
Forward and other regional agencies—particularly in terms of bringing co-ordination to such activities.
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BNSC and OSI

(a) How frequent are meetings between staV at BNSC headquarters and staV at OSI?

BNSC is an integral part of the OSI management structure. At a formal level, DG BNSC has weekly
meetings with corresponding level staV at OSI, under the chairmanship of Sir Keith O’Nions. BNSC
Directors attend quarterly meetings of OSI Directors. At a working level, BNSC and OSI staV interact on
a daily basis on a wide range of issues.

(b) What topics have been discussed in the last 12 months at such meetings?

A comprehensive set of topics are discussed ranging from OSI management and resources to general
policy matters such as CSR and Technology Strategy Board as well as space issues such as policies on ESA,
US collaboration and Galileo.

(c) How much interaction is there between staV at BNSC headquarters and staV at the OSI Foresight
programme?

At present, there is little formal interaction but more informal contact take place.

Interaction with the Ministry of Defence

During the last 12 months, when has theMinister for Science and Innovation metMinisters at the
Ministry of Defence to discuss space issues?

On 17 April Mr Wicks met with Lord Drayson to discuss the National Aerospace Technology Strategy
Group. Space issues were not specifically discussed.

Social Policy Issues

The Minister said that “I just wonder myself, coming from a social science and social policy
background, whether we do not need to develop another strand of our thinking to see whether
some of the issues we face in terms of our society and social policy could not be helped by the
development of suitable satellite technology and monitoring. I am thinking of the issue, for
example, of the care of an increasingly elderly and frail population wheremany,many families and
communities are worried about what is happening to their 80 or 90-year-old person whomay have
Alzheimer’s or something”.

(Q599)

(a) How much interaction has there been between the BNSC and the Economic and Social Research Council
regarding the above?Would the BNSC consider workingwith ESRC or anotherResearchCouncil on promoting
research in this area?

(b) How much interaction has there been between the BNSC and Department of Health regarding the above?

Answer to (a) and (b)

The Minister and the BNSC are very keen to widen the potential applications of space in the social field.
The Minister’s comments to the Committee was intended as a challenge to BNSC and its stakeholders to
develop these ideas in relation to helping sections of the elderly community who might benefit from
applications from space. Possible applications centre around the “home environment” and “location-based
services” where satellite broadband and navigation solutions could oVer scope for enhancing the safety,
quality and independence of living for sections of our community. These are however early days andwe have
not had the opportunity to discuss with colleagues in ESRC, other Research Councils and the health sector.
However we intend to take this forward in the next months.

Home Office

The Minister said that “when we talk with the Home OYce people from St Albans they are
interested in one area, which is prisoner tagging” (Q637).Howmanymeetings have there been over
the last year between BNSC staV and Home OYce staV regarding the applications satellite
technology? What topics were discussed at these meetings?

This was actually a statement from Dr Williams. BNSC and Home OYce scientific staV met in August
2006. Following an overview by the Home OYce of the challenges they face, an overview was provided to
the Home OYce of the structure of BNSC, UK strengths in space and UK space strategy, and the potential
for space to contribute to their solutions. Specific technology areas explored included satellite positioning
for oVender tracking, Earth observation for border security and operational surveillance, and “Google-
Earth” style tools for data presentation.
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BNSC is maintaining a watching brief on these areas through its involvement with satellite navigation
and Earth observation programmes, and expects to re-engage further with HO as appropriate. There is a
further meeting scheduled for June 2007, to pick up connections with new contacts following HO
reorganisation.

May 2007

Memorandum 107

Supplementary evidence from the British National Space Centre (BNSC)

BNSC RESPONSES TO FINAL FOLLOW UP QUESTIONS (15 MAY) FROM S&T COMMITTEE
ON UK SPACE POLICY

1. What will the UK subscriptions be to ARTES 1, ARTES 3, ARTES 4 and ARTES 8 respectively in 2007,
2008, 2009 and 2010?

ESA forward plans forecast the following cash amounts being called up by the Agency to cover existing
UK contributions on ARTES.

(Figures in ƒM) 2007 2008 2009 2010

ARTES 1 2.8 2.0 1.1 0
ARTES 3 17.7 9.9 10.1 9.8
ARTES 4 7.7 7.5 7.6 7.4
ARTES 8* 1.4 0.9 1.0 0.6

* A further ƒ45 million from RDAs has been subscribed to ARTES 8 (sub-element 2) to cover Alphasat
funding. It is not yet clear how, and in which years these funds will be called up by ESA.

2. In oral evidenceDavidWilliamsmentioned a BNSC communications programme (Q109).What are the key
features of this communications programme?

The current BNSC Communications Strategy is enclosed. It is intended to raise awareness of the benefits
of UK space activity and UK expertise in the area. It seeks to do this by undertaking key communications
and outreach activity and by eVective co-ordination of the space related communications activity of
individual BNSC Partners.

3. How has BNSC tracked its performance against the performance indicators provided in the UK Space
Strategy 2003–06?

A mid term review of the current Strategy was carried out some two years ago. This recognised that the
strategy followed best practice in terms of the level of stakeholder consultation and structure in terms of the
vision, objectives and actions. The user driven approach was seen as appropriate. It highlighted evidence of
UK achieving one of the best “returns” (in Europe) on public investments in space. It also identified a few
“gaps” in the current practice at the time. It recommended further eVort in linking BNSC strategywith those
of BNSC Partners, more involvement in tackling developments in EU, and action on ensuring key UK
technological capabilities. BNSC responded to these: the reorganisation of the BNSC steering/advisory
group structure with the UK Space Board, Space Advisory Council and the BNSC Operations Board is
proving eVective on the first issue. BNSC has also dedicated greater resources (including at Director level)
to co-ordinating our inputs on European space policy matters. The proposed National Space Technology
Programme is intended to address common underpinning space technology needs. BNSC has also, in
partnership with industry, undertaken market and economic studies which have provided estimates of the
economic benefits from UK space activities.
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4. Who sits on the BNSC Earth Observation Programme Board and how often does it meet?

The BNSC Earth Observation Programme Board (EOPB) is convened four times per year. Provisional
dates are set at the start of each year to facilitate forward planning by members and maximise attendance.

Chair

Zof Stott (Assimila Ltd)

Members
David Matthews (EADS Astrium Ltd and Chair of UKspace EO sub-group)
Peter Truss (QinetiQ)
Barry Wyatt (Independent Consultant, ex-NERC CEH)
Jim Aiken (Plymouth Marine Laboratory)
Nick Veck (Infoterra-Global)
Graham Deane (Infoterra Ltd and Chairman of BARSC)
Ian Downey (SciSys)

BNSC Partners attending

Defra, DTI, NERC, MOD, RAL, Met OYce

Ofcom are invited as observers when radio-spectrum issues are on the agenda.

5. The BNSC provided a note on international activities following the evidence session on 10 January
2007. We would be grateful to know if the following activities have taken place as planned:

(a) March 2007 UK-China Space Science and Technology Working Group meet in Shanghai

Yes; a 17 strong UK delegation attended, composed of members from academia, industry and
BNSC partnership

(b) March 2007 BNSC attend conference in New Delhi hosted by ISRO

The Space Security Conference has been postponed tomid-November by the organisers. Also a bi-
lateral with BNSC / ISRO is being organised in Hyderabad during the International Astronautical
Congress 2007 in September.

(c) May 2007 Space technology workshop with Japan

This event is being organised by the British Embassy in Tokyo as part of a wider promotion of the
UK Aerospace industrial and academic capabilities and runs from 30 May to 1 June.

6. We have been told that there was not a representative from BNSC at the COSPAR meeting in Beijing in
July 2006. Why was a representative not present?

BNSC Partnership was represented at the Beijing Symposium by Prof Richard Crowther from BNSC
Partner, Science and Technology Facilities Council. Our attendance was low because it coincided with the
Farnborough Airshow. Richard is well known in the field and co-chaired the COSPAR Panel which
addresses Environmentally Detrimental Activities in Space.

7. We would be grateful if you could complete the following table regarding expenditure by BNSC
partners on optional ESA programmes in 2006–2007. If an alternativemode of presentation is more suitable
please do not hesitate to contact us.

Programmes covered by Total ESA Total UK UK % share of BNSC partners
subscription budget in area subscriptions in overall responsible for

(ƒM) area (ƒM) programme subscriptions

Launchers Infra 2002–2004 2.3 087 1.6 All DTI
EGAS Ariane 190.7 0.8 3.6
Ariane 5 Slice 9 3.9 0.03 0.3

Telecomms Artemis (Op Cont) 4.7 0.06 4.4 All DTI
ARTES 1 Period 1 Ph iii 5.0 0.6 21.4
ARTES 1 Period 2 Ph iv 6.4 1.5 19.6
ARTES 3 Period 1 Ph i 1.2 0.2 15.9
ARTES 3 Period 1 Ph ii 17.1 1.7 17.4
ARTES 3 Period 2 Ph iii 49.1 13.0 31.1
ARTES 4 Period 1 Ph i 11.3 2.7 [27.6]
ARTES 4 Period 2 Ph ii 34.3 8.9 23.1
ARTES 8 sub element ii 6.9 1.9 12.6

Navigation Galileosat Devel & Valid 366.7 10.4 17.3 DTI ! DfT

87 A very small residual payment will complete UK commitment to this programme.
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Earth Earth Watch GMES 23.5 2.2 11.3 DTI
Observation

GMES SCP Seg 1 Ph 1 33.7 1.8 4.3 DTI/NERC/DEFRA/
MoD

EOEP Period 1 63.0 0.9 16.0 NERC
EOEP Phase 2 225.7 41.0 20.9 NERC
Meteosat 2nd Generation 4.4 0.1 2.1 DTI
Metop 1 C/D 29.2 0.8 9.2 DTIMetOYce

Exploration Aurora—Exploration 13.6 2.6 14.8 All PPARC
Aurora Prep Activities 1.5 0.03 9.8 (now STFC)
Aurora Core Prog 17.5 1.0 9.7
Aurora ExoMars 20.5 3.0 15.5

Science ESA Science Programme 381.3 71.0 17.7 PPARC
(Mandatory (now STFC)
budget)
Other CSG Kourou88 91.0 8.1 9.4 DTI

EMIR 2 Extension89 1.9 0.1 4.1 DTI
TOTAL 1225.1 164.1
(exc Mand
Science
Prog)

Notes: Figures in the table are those for ESA FY 2006 (1 Jan—31 Dec). ESA budgets for any one year
may vary from the overall UK contribution to a programme. We therefore include an additional column
setting out the UK % share of the overall financial envelope of each of the programmes listed.

Additional Question: How much has the Technology Programme spent on space-based r&d since October
2004?

There have been no projects with space as the primary exploitation route in the Technology Calls
managed by the DTI Technology Programme since October 2004. Space technology R&D is represented in
the Pinpoint Faraday and, in both, the Sensors and the “Location andTiming”KTNs (Knowledge Transfer
Networks). The value to the space industry from these three programmes is estimated to be £0.5 million
between October 2004 and April 2007.

May 2007

Memorandum 108

Supplementary submission from Space Future Consulting Ltd

Since SFC’s Submission to the Select Committee dated October 2006 there has been a steady stream of
events marking progress towards the realisation of sub-orbital passenger space travel services. These
illustrate how widely it is now recognised that this is an economically promising direction for space
development, and consequently policies which ignore this potential are mistaken. Some of these events are
listed briefly below, followed by Annexes on two of them.

October 2006

US Federal Aviation Administration (FAA) Administrator Blakey states that it is FAA policy to
encourage and enable growth of the space tourism industry.

US General Accounting OYce publishes report urging FAA to speed up its safety oversight activities for
the emerging space tourism industry, due to its rapid growth.

UKSpace publishes “Case4Space Summary Report” (C4S) extolling the benefits arising from HMG’s
investment of several billion pounds in communication and surveillance satellite systems. However, the
report does not even mention the commercial potential of passenger space travel (which has been publicly
recognised as being much greater by the National Aeronautics and Space Administration, the US Space
Transportation Association, the FAA, the American Institute for Aeronautics and Astronautics, the US
Department of Commerce, [DA1], the Keidanren, the governments of Singapore, U.A.E. and Sweden, and
the state governments of California, Oklahoma, New Mexico, Virginia, Ohio, among other professional
organizations), and it greatly overstates the economic value of the satellite industry, as described in Annex
1 below.

88 UK contributions to this programme are governed by treaty obligations. The programme is neither optional normandatory,
but categorised by ESA as “a budget associated with the General Budget”.

89 An optional programme in the field of Microgravity. UK contributions to this programme were completed in 2006.
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November 2006

First flight of “Blue Origin”, prototype of Vertical Take-OV and Landing sub-orbital passenger vehicle
in Texas.

British Interplanetary Society Symposium on Space Tourism.

December 2006

FAApublishes “Human Space Flight Requirements for Crew and Space Flight Participants” formalising
new regulations for passenger space travel services.

FAA publishes map of 12 Spaceports currently being developed or planned for sub-orbital tourism in
USA.

“Orbital Outfitters Inc” established to design and sell clothing for space tourists.

January 2007

Announcement of European Space Agency study contracts on “Feasibility of European Privately-funded
Vehicles for Commercial Human Space Flight”, including some 150,000 Euros for Starchaser Ltd. (See
Annex 2.)[DA2]

OYcial opening of sub-orbital tourism Spaceport at Kiruna Airport, Sweden—the first in Europe. It is
intended to operate a US-built spaceplane there.

New Mexico Governor supports the introduction of a “Spaceport Tax”, to comprise a state-wide 0.25%
sales tax to contribute to a $200million fund. Advisors to the state government concluded that space tourism
will be “. . . big, very big, or huge”.

February 2007

FAA holds 10th Annual Commercial Space Transportation Conference.

Spaceflight Liability and Immunity Act passed by Virginia state goverment to aid growth of sub-orbital
passenger space flight services from the FAA-licensed Mid-Atlantic Regional Spaceport.

February 2007

Annex 1

COMMENTS ON “CASE4SPACE SUMMARY REPORT” (C4S)

Without seeing the report by Oxford Economic Forecasting on which the C4S report is based, it is not
possible to evaluate it in detail. While sympathising with the authors’ desire to increase space funding, it is
important to note the report’s weaknesses; only by making a fair economic assessment can sound policy
decisions be made.

(a) Like similar reports prepared for the BNSC (discussed in SFC’s October Submission), the C4S report
discusses only satellite engineering, on which the DTI and BNSC have spent much of nearly £4 billion over
20 years. It thereby misleads readers into thinking that this is the whole commercial space industry—which
is starkly untrue—particularly in view of the rapid growth of activities to realise sub-orbital space tourism
in countries other than Britain. This continuing silence about the feasibility, low cost, promising growth
prospects and other potential benefits of the development of passenger space travel services keeps the general
public in ignorance of this important new field for commercial and industrial growth.

(b) The C4S report uses a number of performance measures which are quite diVerent from those used in
the commercial world, such as % of staV with university degrees, and “downstream output per employee”.
Where normal commercial information is provided, it is not emphasised—for the obvious reason that the
industry’s performance is poor, as seen from the following examples:

(i) For 2003, global sales of surveillance satellite services are stated as $100 million, versus $2,400 million
investment in surveillance satellite systems themselves—a very poor result from the economic point of view.
Further investigation would likely show that much of these sales are to government organisations, and are
therefore not commercial demand. It would probably also reveal that this performance is not significantly
improved over that which the Trade & Industry Select Committee’s 2000 Report described as having
“failed” (despite investment of a further 300 million pounds since then). In truth, it is incorrect to describe
this as a commercial activity; it is a government activity. As such, heavy investment in surveillance satellite
systemsmay be justified asmilitary or environmental projects, but they are very far frombeing commercially
justified. Consequently, the government’s stated policy objective to help British industry to earn profits from
space activities requires it to investigate space tourism as a much more promsing option.
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(ii) For 2004, 75% of the commercial benefits claimed from the DTI’s investment in communication
satellites appears to be sales revenues of television programming (“downstream turnover”). This is
presumably claimed to have the economic benefit of “improving consumer choice”; however it can equally
well be argued that supplying hundreds of channels of low-cost television programming has negative
economic value due to its well-known anti-educational influence.

(c) The C4S report greatly overstates economic benefits through eVectively double-counting via
“catalytic eVects”, “spillover benefits”, “multiplier eVects” and others. For example it is claimed that “direct
employment” of 17,560 in 2004–05 “. . . helps to support almost 70,000 jobs”. However, such measures can
be seriously misleading unless great care is taken to compare “like with like”. For example the “spillover”
and “multiplier” benefits of such services as Public Libraries or the BloodDonor Service are also very large;
satellite engineering has nomonopoly of this type of indirect benefit. Standardmeasures such as profitability
and direct employment, as used in commerce and industry, are easier to evaluate, and are indeed more
appropriate for assessing projects which are claimed to be commercial, rather than public services, as the
Minister for Science and BNSC claim of surveillance satellites.

(d) The C4S report contains ambitious claims about future projected satellite service sales revenues.
However these depend on a number of dubious assumptions—such as the truly Orwellian nightmare that
“satellite navigation will be part of every mobile phone, every car”!

(e) The C4S report appears to contain a number of errors, such as the figure that communications
satellites generated $14 billion in launch services in 2003 (which is more than 10 times the whole commercial
satellite launch market).

(f) The C4S report states that: “Space inspires students to study science subjects” and includes various
claims about satellite engineering’s contribution to science education. However, it does not mention the fact
that British student enrolments in science courses are in free-fall, and approaching crisis-level! (as discussed
in SFC’s October Submission). Current practice must therefore be judged as very ineVective—and this is
easy to understand: satellite engineering is a very specialised, technical field which is of interest to only a
small minority of people. HMG’s policy of limiting space investment to satellite engineering has therefore
surely had the contrary, very undesirable eVect of reducing young peoples’ spontaneous interest in space.
By contrast, surveys of young people show that they are fascinated and enthused by the idea that they
themselves could make a short flight to space for the equivalent of a few thousand pounds within five to 10
years; this can be used to stimulate interest in a wide range of related subjects. (The author has direct
experience of this as a teacher.) But successive Ministers, the BNSC, and the DTI keep this knowledge
hidden from school-children, students and the general public.

(g) Finally, the C4S claims that investment in satellites is “disruptive technology” with great innovative
potential. However, no evidence is provided that this will be anymore profitable than existing satellite-based
information services. By comparison, passenger space travel is so genuinely “disruptive” that successive
Ministers for Science and Innovation andMinisters for Trade and Industry have refused to even discuss the
subject for more than 10 years! They have refused to permit even a single feasibility study, while spending
billions of pounds on unprofitable projects which were recognised in 2000 as having “failed”; and they have
repeatedly commissioned reports on space policy that specifically ignore this key subject.

In summary, following the practice of recent Science Ministers and senior BNSC staV, the C4S Report
does not mention space tourism at all. Instead, having received the bulk of HMG space funding for decades,
amounting to several billion pounds, UKSpace request an additional 50 million pounds/year for even more
satellite work. However, without at least comparing the likely results with an equivalent investment in
passenger space travel it is not possible to conclude that this would be a good investment of public funds.
As a simple comparison, a single year of such funding is enough to develop the “Ascender” spaceplane
prototypewhichwould be capable of carrying passengers to space. If the general public was informed of this,
there would surely be a largemajority supporting investment in developing passenger space travel, instead of
the zero level which the government persists in.

Annex 2

OPPORTUNITY FOR COMMERCIALLY SUCCESSFUL SPACE POLICY

The newMinister for Science and Innovation, MalcolmWicks, MP, now has the opportunity to improve
on his predecessor’s “failed” policy by funding work by Europe’s longest-existing spaceplane company,
Bristol Spaceplanes Ltd, of its “Ascender” sub-orbital passenger vehicle. As discussed above, there is a great
preponderance of reasons in favour of funding this work—including the poor economic performance of
HMG’s investment in satellites, the positive projections for passenger space travel, the unique experience of
the Bristol Spaceplanes team, the great value of such an initiative for opening a major new field to British
industry—and the minimal costs involved.

The value of “space tourism” goes far beyond providing a popular new service that many people want to
buy; it goes far beyond the millions of jobs in a new industry that it will create over the next 30 years. Space
tourism is the only activity that can bring the economies of scale needed to sharply reduce the cost of space
travel—which has not fallen at all in 50 years. Well-known as the 50th anniversary of Sputnik 1, 2007 is also
the 50th anniversary of the British SR-53 rocket-plane. If that project had continued, sub-orbital tourism
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could have started in Britain 40 years ago. If it had, the world economy would be in a far better condition
today: during these 40 years the world population has doubled; industrial activity has quadrupled; and
destruction of the environment has increased exponentially. Low-cost space travel will make a unique
contribution to counteracting world-wide unemployment, resource wars and environmental destruction.

British companies should be leading this activity—and still could if just a small proportion of the space
budget is spent appropriately. British companies can lead European space tourism eVorts, since the most
mature vehicle system design is British. However, the government must provide some funding soon. This
will not only be good for taxpayers, it will also be of the greatest benefit for young people, who are longing
for the optimistic vision of an open future which this project oVers—rather than an increasingly depressing
future of accelerating environmental destruction and unending resource wars.

In view of this potential, it is not possible to perform a realistic cost/risk/benefit assessment and to
conclude that to have refused funding to Bristol Spaceplanes Ltd for 15 years has been to the benefit of
British industry, of British taxpayers, or of British school-children and students. To the contrary, this policy
has demonstrably imposed and continues to impose a huge cost on all of these. It is an inexcusable failure
of policy-making greatly to Britain’s disadvantage. Both present and past Ministers responsible should be
obliged to end their “deafening silence” on this matter and explain their reason for these decisions that have
been so damaging to the national interest—and contrary to the clear and timely warning by the Trade and
Industry Select Committee in 2000.

Memorandum 109

Supplementary submission from Space Future Consulting Ltd

Executive Summary

1. Sub-orbital passenger space flights could have started in Britain during the 1960s, using a passenger
spaceplane derived from the Saunders Roe SR-53 supersonic rocket-plane, which first flew in May 1957.

2. Fifty years of progress in many fields of science and technology since 1957 have made the development
of a sub-orbital passenger spaceplane much easier today than it would have been at that time.

3. In order to reach 100 kilometres altitude a spaceplane needs to accelerate to above Mach 3 (to
approximately 1 km/second). This is higher than the SR-53’s maximum speed ofMach 2, but very much less
than the speed of 8 km/second (approximately Mach 26) needed to reach orbit. Thus, while flights to orbit
will require several tons of propellants/passenger, a sub-orbital flight requires only tens of kg of propellants/
passenger.

4. In addition to much lower propellant costs than orbital flights, suborbital flights also have much
gentler re-entry: frictional heating is far less than in re-entry from orbit, so there is no risk of vehicle damage,
and no need for repairs after each flight.

5. Due to these technical factors, sub-orbital spaceplanes can readily achieve “airline operation” of
several flights/day like jet-powered aircraft, thereby reducing vehicle costs/flight proportionately.

6. When mature, that is after achieving a long life for the rocket engine through several years of flight
operations, the cost/flight will fall to a few times propellant costs, like aircraft—or approximately £3,000/
passenger.

7. A necessary condition for achieving costs as low as £3,000/passenger is that market demandmust grow
suYciently large—to approximately one million passengers/year. Market research performed to date has
not included direct surveys of demand at such low prices; however the demand for high-priced services
suggests that world-wide demand will grow to several million passengers/year as service prices fall
progressively. (NB several million passengers/day fly on jet aircraft.)

8. Most of the costs of thematuration process could be covered by revenues from commercial operations,
including flights for researchers, space flight training, urgent photography and other uses, as well as tourism
at higher prices.

9. The development of sub-orbital space flight services is the best way to make progress towards low-cost
orbital flight (see 4.1 below). Once orbital spaceplanes are mature, the cost of return flights to orbit could
fall to approximately £10,000/passenger, after about 10 years of operations.

10. The development of a sub-orbital spaceplane soon is a uniquely low-cost way for Britain to take a
leading role in the coming European spaceplane industry, which has exceptional growth prospects for
decades to come. By contrast to France, Germany and Italy, Britain does not have a vested interest in
expendable rockets; this should make it easier for Britain to innovate in this field, as noted by the Trade &
Industry Select Committee in 2000 [1]. However, a Minister capable of innovation is also needed to make
appropriate policy decisions.
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11. Starting spaceplane manufacture and operation in Britain will open a new industrial era, involving
the low-cost operation of space vehicles like airliners. Aerospace manufacturing in Britain is currently in a
very precarious condition—as shown by recent lay-oVs at Airbus factories. Consequently a new spaceplane
project is extremely desirable, and could grow to have highly beneficial eVects on sub-contractors, materials
suppliers, related service industries (including insurance and finance), education, higher education and
other fields.

12. The environmental impact of even hundreds of sub-orbital space flights/day will be very small
compared to either aviation or motor vehicles. This is because the total volume of propellants will be small;
it will comprise largely non-hydrocarbon fuel, so will release little CO2 into the atmosphere; and it could
be made carbon-neutral if required, for example by using CO2-free electricity to produce liquid hydrogen
and oxygen.

13. Low-cost travel to orbit will use much more propellants, but will enable a wide range of new space
activities that have been prevented by space agencies’ continuing use of high-cost expendable rockets for 50
years. Among others, development of space-based solar power stations may be able to supply electric power
to Earth without CO2 emissions.

14. Investment in passenger space travel promises a much higher economic return than other projects of
the BNSC or space agencies. In particular it oVers much better value than traditional “manned space flight”
activities using expendable launch vehicles, which have extremely high costs and little economic value.
For example, the use of even £3 billion over 20 years recommended by the Royal Astronomical Society [2]
would pay for only a small number of flights by British astronauts in the USA. Alternatively, the same
investment could pay for a fleet of tens of “Ascender” sub-orbital passenger spaceplanes which could earn
revenues of more than £1 billion/year—as well as paying for a prototype of the “Spacecab” orbital
spaceplane.

15. The opportunity described here is not “too good to be true”; it is an unusually attractive investment
opportunity resulting from a long overdue innovation having been resisted for several decades. This has
created a chance for rapid progress to catch up with possibilities that have existed for decades.

16. The Minister for Science and Innovation until October 2006 refused to even discuss the subject of
passenger space travel for the eight years of his tenure, wasting a golden opportunity for this country. It is
greatly to be hoped that the new Minister will have the courage and the vision to embrace this opportunity
for Britain, before it disappears as other countries overtake Britain’s remaining intellectual lead.

1. Technical Feasibility of Low-Cost Sub-Orbital Space Flights

1.1 The Saunders Roe SR-53 supersonic rocket-plane (now in the RAF Museum at Cosford) first flew
in May 1957; it flew supersonically in May 1958 [3]. A more advanced version, the SR-71, was proposed as
a sub-orbital research vehicle, but was not built. If that project had continued, sub-orbital space flights could
have become routine, and commercial passenger flights could have started in Britain during the early 1960s.
Such a project is therefore very straight-forward today.

1.2 The very low cost of such a project was demonstrated in 2004 by the winning of the “Ansari X-Prize”
by the American spaceplane “SpaceShipOne”, which cost some $25 million (ie about one month of HMG
expenditure on civilian space activities). This eVectively proved the correctness of the long-standing claim
byBristol Spaceplanes Ltd that a sub-orbital spaceplane could be developed at very low cost. This possibility
was described in a study for ESA in 1994 [4]. The feasibility of Bristol Spaceplanes’ project was even
endorsed by theMinister for Space, Ian TaylorMP in 1995, based on a review byBNSC staV [5]—more than
five years before the SpaceShipOne project began, and before the “Ansari X-Prize” was even established.

1.3 The £50 million cost of a prototype of the “Ascender” sub-orbital spaceplane, which is designed for
low-cost commercial operation (rather than to win the “Ansari X-Prize”), requires funding equivalent to
about 10% of the BNSC’s budget over several years. It is about 2% of the BNSC’s expenditure since 1990
when support for the Ascender project was first requested (and first refused).

1.4 The fact that SpaceShipOne flew supersonically on its first powered flight further demonstrates how
much easier such a development is today compared to the first supersonic flight in 1947 by the X-1 rocket-
plane (which took years of preparations). NB the single-stage SR-53 flew supersonically within 11 years of
the X-1, with no need for a separate carrier-plane like the X-1 and SpaceShipOne.

1.5 Since a vehicle’s kinetic energy is proportional to the square of its speed, the propellants needed for
sub-orbital flights are only about 1% of those needed to reach orbital speed, making flight operations very
low-cost. (That is, 1/8 x 1/8 % 1/64, and there is an additional exponential benefit from needing much less
propellant to carry the lower mass of propellants.)
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1.6 This benefit is repeated on re-entry when a vehicle’s kinetic energy is converted into heat through
friction with the atmosphere. The heat generated on re-entry from a sub-orbital flight to 100 km altitude is
approximately 1/64 of that generated by a similar vehicle braking from orbital speed of 8 km/second. Thus
only quite simple heat shielding is required, and there is no need formaintenance or repairs, or even detailed
checks, between flights.

1.7 In order to achieve the minimum possible cost/flight, in addition to an appropriate vehicle design,
there is also a need for a large market to achieve economies of scale.

2. Probability of Market Growing SuYciently to Achieve Economies of Scale

2.1 Surprisingly little market research on space travel has been performed during the 40-year period
during which sub-orbital passenger flights have been possible. The first ever market research on orbital
passenger flight was performed by the author in Japan in 1993 [6]. There has still not been a professional
study of the potential market for passenger space flights (either orbital or sub-orbital) in Britain; nor has
there been a study anywhere of potential demand for sub-orbital flights at the low prices achievable by a
vehicle such as Bristol Spaceplanes’ Ascender.

2.2 However, in 2002 a Nasa-funded study of the potential market for reusable launch vehicles included
market research on the demand for high-priced sub-orbital and orbital passenger flights [7]. That study
concluded that demand in the USA for sub-orbital flights alone might grow as high as $4 billion/year, even
at prices of $100,000/ passenger. NB this is several times the demand for commercial satellite launches, an
activity which has received subsidies of tens of $billions.

2.3 During the Select Committee’s oral evidence session on 21 February, CommitteeMembers expressed
interest inmaking a trip to space themselves, and it was even proposed that theymightmake a formal “Visit”
to space on an appropriate occasion [8]. This is surely representative of public opinion about space travel:
it is recognised as a truly unique experience which everyone who has been to space confirms was one of the
most interesting experiences of their life. That is, riding on a rocket, seeing planet Earth floating against the
blackness of space, and floating weightlessly are, by all accounts, uniquely exciting and thought-provoking,
inspiring a wide range of emotions. Although a light-hearted moment in the Committee’s proceedings, this
was not trivial: the existence of spontaneous popular demand for such a new service is the foundation of a
new industry.

2.4 At the time of writing in early 2007, unusually high levels of unemployment are a major problem
world-wide, and are due in particular to a lack of new industries in the richer countries. These are needed
to oVset the rapid loss of jobs due to business rationalisation on a global scale, including the “oVshoring”
of many jobs frommore developed countries to countries with lower wage levels. To have delayed exploiting
the opportunity to create a major new space travel industry for 40 years has been a major failure both of
space policy and of economic policy.

2.5 Despite the lack of detailed market research concerning low-priced sub-orbital flights, their known
popularity at high prices, the growing number of countries planning spaceports for sub-orbital space flight
services (already including USA (six states), Singapore, United Arab Emirates and Sweden), and the fact
that several million passengers fly on airliners every day, all suggest strongly that demandwill grow to a high
level at £3,000/passenger—perhaps several million passengers/year worldwide.

2.6 In Japan there has even been discussion of the possibility of sub-orbital spaceflights becoming a part
of secondary education—whether subsidised or at parents’ cost. Such a policy alone could create demand
for about one million passengers/year in a single country. (If provided by the Japanese government,
implementing such a policy would cost more than £1 billion/year; but if substituted for part of the £30
billion/year currently spent on largely unprofitable public works projects, it would contribute much more
to economic growth, and have important educational benefits in stimulating interest in science, technology
and other subjects.)

2.7 As recognised spontaneously by CommitteeMembers, the possibility of traveling to space for oneself
is far more stimulating than the prospect of watching a video of someone else in space, or than designing
part of a satellite. It is very desirable that Britain should adopt this innovative, low-cost approach to space
development (which British researchers have been leading for the past 20 years) rather than blindly
continuing existing activities of which the educational and economic benefits are very limited, andmuch less
than could easily be achieved with the proposed innovation.

3. Time Required to Achieve Cost of £3,000/Passenger

3.1 The date when a cost of £3,000/passenger is reached depends on the date of starting development of
a prototype of a vehicle designed to achieve minimal overall costs. The following are approximate dates for
Bristol Spaceplanes’ Ascender, which is such a vehicle:

Time of development through first flight of prototype: three years (comparable to SR-57, SpaceShipOne).

Duration of Test Flights to certification for passenger carrying: two years.

Production of commercial version: one year.
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Operations to achieve maturity: four years.

Hence, in total, approximately 10 years is needed from the start of funding of a suitable prototype to
achieving a cost of £3,000/passenger.

3.2 The main technical issue is the development of a long-life version of a suitable rocket engine—of the
order of 1,000 flights. Such a development is essentially a straight-forward, incremental engineering project,
similar to that carried out during flight operations of the first generation of jet engines. Small reusable rocket
engines were developed for rocket-assisted take-oV aircraft during the 1950s and 1960s, when they reached
50 flights between overhauls. Raising the life to 1,000 flights will take a few years, depending on the rate of
growth of activities and the budget available.

3.3 The credibility of this estimate of course depends on the soundness of the Ascender plan. In addition
to the extensive experience of the principalmembers of the Bristol Spaceplanes team, the technical feasibility
of Ascender and its orbital follow-on, “Spacecab”, was endorsed by the Minister for Space in 1995, based
on a review by BNSC staV [5].

3.4 However, the Minister for Science and Innovation since 1998, Lord Sainsbury, permitted almost no
expenditure on this project from 1998 through 2006, though with no analysis being performed to justify this
stance—and despite strongly worded criticism of this policy by the Trade and Industry Committee in
2000 [1].

3.5 Moreover, under Lord Sainsbury’s policy the BNSC continued to advise the DTI every year not to
grant Bristol Spaceplanes Ltd any seedcorn investment—except for a SMART award in 2004, after
SpaceShipOne had proved that Bristol Spaceplanes’ claims were true. He subsequently permitted no follow-
up to that study through 2006. If instead the Minister had approved this innovation, the cost of sub-orbital
flights could already be close to £3,000/passenger, with numerous resulting benefits, and the development
of a low-cost orbital vehicle could already have begun.

3.6 Fortunately for British manufacturing industry, the design approach of SpaceShipOne and
SpaceShipTwo is not suitable for achieving minimum flight costs, nor for development into an orbital
vehicle—which are the activities with greatest potential for growth, and therefore of greatest interest for UK
manufacturing industry. These objectives are also more appropriate for a public project than a vehicle with
much higher operating costs, which would not be available to most of the public.

3.7 It will be greatly in the interest of Britain’s aerospace manufacturing industry if the Minister for
Science and Innovation appointed in 2006, Malcolm Wicks MP, will correct his predecessor Lord
Sainsbury’s policy of preventing work on this subject, and authorise funding for a sub-orbital spaceplane
prototype. Despite its low cost, this could become the basis of a major new direction for long-term growth
of aerospace and other industries.

4. Contribution to Achieving Low-Cost Orbital Flight and Benefits

4.1 The development of sub-orbital space flight services is the best way to make progress towards
achieving similar cost reductions in travel to and from orbit. That is, future low-cost orbital passenger flight
services will be more like sub-orbital passenger flight services than like the use of expendable rockets to
launch satellites today. This was stated in a 2002 report of the US Department of Commerce:

“Understanding the full significance of sub-orbital RLV (reusable launch vehicle) development
requires recognition not only of what sub-orbital RLVs may accomplish in their own right, but
also of their significance as a transitional step towards orbital RLV development . . . an
operational sub-orbital RLV . . . will provide a technology “stepping-stone” towards orbital RLV
development . . . . and will pave the roadway for appropriate RLV regulatory, insurance and
financial policies and strategies” [9].

4.2 The value of a sub-orbital spaceplane for developing orbital spaceplanes has also been explained
repeatedly byAshford over the past 20 years, as summarised in [10]. Following the same logic as used above,
the cost of a return flight to orbit using a two-stage passenger-carrying spaceplane such as Bristol
Spaceplanes’ “Spacebus” could fall as low as £10,000 passenger after maturation through several years of
flight operations [10]. This project would bemore technically challenging than a sub-orbital vehicle, and test-
flying would be more expensive due to the much larger quantities of propellants used. However, progress
in many areas of engineering makes it feasible today; for example, the use of titanium, in which British
engineers have a world lead, has become far cheaper today. To reach maturity is expected to take about
15 years from start of funding [10].

4.3 The initial investment in a prototype orbital passenger vehicle would be of the order of £1 billion
(depending on its size, among other factors). When sub-orbital passenger flights have been operating on a
commercial basis for a few years, investing in the development of an orbital vehicle systemwill be easier than
it is today. That is, the precedent will be valuable in reducing both the actual risks and the perceived risks for
investors. Such a project might well become a pan-European project like Airbus; British industry is ideally
positioned to lead this development by pioneering sub-orbital spaceplane operations.
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4.4 The author has been advocating such a policy with Ashford for the past 20 years [11]. Unfortunately
the practice of space agencies using expendable rockets at very high cost is given much more attention by
policy-makers and the media, who seem to assume that space agencies are employing the most economical
methods possible. Policy makers and the media also do not seem to appreciate how extraordinary it is that
the cost of space travel has not fallen at all over 50 years, despite revolutionary advances in many fields of
science and technology, as discussed in Space Future Consulting’s earlier Submissions to the Select
Committee [12, 13].

4.5 Overall, the potential to achieve economies of scale which passenger traYc oVers for sub-orbital space
flights, due to popularity with the general public, seems certain to apply also to orbital travel. The higher
costs of both developing and operating orbital vehicles will be oVset by the much higher revenues from
orbital flight services. That is, market research shows clearly that flights to orbit, whichwill naturally include
stays in orbital accommodation lasting several days or longer, will be much more popular than sub-orbital
fights of just a few minutes (6, 7). In addition, there will be demand for orbital flights for many other
purposes than tourism.

5. Benefits for British and European Industry

5.1 It is an entirely realistic ambition for Britain to become the home within Europe of a “Spacebus”
industry that could eventually rival Airbus in importance. Moreover, the initial cost is extremely low, equal
to some 10% of HMG spending on existing civilian space activities, none of which oVers the prospect of
generating a large new commercial market, as noted by the Trade and Industry Committee in 2000 [1].

5.2 A prototype sub-orbital spaceplane is also a very useful vehicle in its own right (as illustrated by the
fact thatNasa has apparently already agreed to use theAmerican sub-orbital vehicle “SpaceShipTwo”when
it is developed). Manufacturing and operating a sub-orbital spaceplane is also the best way to start
developing an orbital vehicle system, both from the point-of-view of cost-eVectiveness (as emphasised by
the US Department of Commerce [9]), from the educational point-of-view, and due to the potential for
public support, especially among the young.

5.3 On the other hand, funding of a sub-orbital spaceplane prototype would not pre-empt subsequent
decisions about how much to invest in follow-on vehicles, whether a commercial sub-orbital passenger
vehicle, a prototype orbital spaceplane, a commercial orbital passenger vehicle, or others. Each of these
decisions could be made at appropriate later dates, and each project is likely to involve participation by a
range of public and private investors from other European countries.

5.4 The timing of a decision in 2007 to invest in developing the Ascender prototype would be very
appropriate from the point-of-view of British manufacturing industry. The recently announced layoV of
1,600 staV in Airbus factories in Bristol and Flintshire, accompanied by public discussion of the company’s
intention to outsource manufacturing work to lower-cost countries, is an ominous warning of the weakness
of aerospace companies depending on Airbus alone. With corporate headquarters in France and Germany,
it is unavoidable that strategic decision-making will favour preserving work in those countries.
Consequently a seminal new aerospace project is urgently needed in Britain to avoid further de-
industrialisation, with its well-understood ill-eVects on other industries, on technical education, on
employment and on the economy as a whole.

5.5 Economic policymakers are used to ignoring the space industry as nomore than a small, loss-making
activity. It is important that they are taught about the strategic economic importance of this major new
industrial opportunity, in a field of traditional British strength, before it is lost to foreign competition.

5.6 In this context the decades-overdue development of spaceplanes can become not just a lifeline for
British manufacturing industry, but can create a major new industry with potential for large-scale demand
growth, popular with the general public, having major educational benefits, and aiding space science
research by sharply reducing the cost of access to space. Europe’s role in space can thereby also becomemore
independent of the unreliable, high-cost US space shuttle (and its planned successor), creating an exciting
new vision for young Europeans, and a new field in which to preserve Europe’s overall competitiveness with
China and India.

6. Environmental Impact of Large-Scale Passenger Space Travel Industry

6.1 Since the subject of the environmental impact of space tourismwas discussed during the oral evidence
session on 21 February, some comments are added here. Most importantly, the emissions from even several
hundred sub-orbital space flights/day will be very small compared to the emissions from either aviation or
motor vehicles, mainly because the rocket engines are used for only about one minute during each flight.
Thus the total volume of propellants used is small; moreover, non-hydrocarbon fuels can be used, which
produce no CO2 on combustion. In addition, if CO2-free electricity is used to produce the propellants (such
as liquid hydrogen and oxygen) the flights could be made carbon-neutral.

6.2 The emissions/passenger from orbital flights will be about 100 times those for sub-orbital flights.
These could also be made CO2-free, and even carbon-neutral, in the same way as sub-orbital flights.
However, this will not eliminate all their environmental impacts, which will grow with the scale of the
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industry: for example, the emission of hot steam into various levels of the atmosphere may have some
adverse impacts above a certain quantity. However, reducing the cost of travel to orbit will reduce the cost
of all space activities, including environmental research and development of non-chemical launch methods
such as “space tethers”, enabling even orbital flights to be environmentally benign.

6.3 Moreover, the first large-scale use of space that is widely advocated once low-cost space travel is
achieved, is to supply low-CO2 electricity on a large scale from solar power satellites, using only passive
energy-receiving antennas on the Earth [14]. Despite having been the subject of research for 40 years this
idea has not yet been tested by space agencies, for reasons that remain unclear. Consequently, not only is
there a realistic prospect of making orbital space travel environmentally neutral, the sharp reduction in the
cost of space activities that only passenger space travel can achieve has the potential to enable radical
reduction in CO2 emissions worldwide.

6.4 In a broader perspective, government eVorts worldwide to stimulate continuing economic growth
through manufacture and distribution of goods increasingly have negative environmental impacts, as
humans’ industrial activities approach the limits of the Earth’s ecological system. In this context, it would
be highly beneficial for industrial activities to be progressively shifted out of the Earth’s ecosphere. Far from
being “science fiction”, this possibility is 40 years overdue, due to space agencies’ failure to develop low-cost
space travel when it became feasible during the 1960s. Once this starts it should be possible to rapidly catch
up in a wide range of new space activities that were possible in principle decades ago, but have been
prevented to date by space agencies’ continued use of high-cost expendable launch vehicles for 50 years. This
process will create many opportunities for innovation and further economic growth largely outside the
Earth’s increasingly threatened ecosphere [15].

7. Benefit-to-Cost Ratio Far Greater than Space Agencies’ Activities Using Expendable Launch Vehicles

7.1 Development of low-cost passenger space travel promises a much higher economic return than any
other project of the BNSC or space agencies. In particular it oVers much greater value—economic,
educational, cultural—than traditional “manned space flight” activities using expendable launch vehicles,
which have extremely high costs and little economic value. As discussed on 21 February, the use of even £3
billion over 20 years to participate in “manned space flight” activities of NASA and Esa, as recommended
by the Royal Astronomical Society [2], would pay, at most, for a small number of flights by British
astronauts on the successor to NASA’s “space shuttle”. Alternatively, the same investment could pay for
the production of a fleet of tens of “Ascender” sub-orbital passenger spaceplanes which could earn sales
revenues of more than £1 billion/year—and in addition pay for a prototype of the “Spacecab” orbital
passenger spaceplane. The latter would clearly be far more beneficial in every way—economically,
industrially, educationally, culturally and politically.

7.2 Passenger space travel also oVers much greater economic value than the BNSC’s eVorts at
commercialisation. The 2000 report of the Trade & Industry Select Committee bluntly criticised the policy
of investing heavily in supposedly commercial surveillance satellites as having “failed” [1]. Unfortunately
that criticism was not eVective in improving policy: the then Minister for Science and Innovation, Lord
Sainsbury, continued the same policy without any significant improvement in performance until he resigned
in 2006. On the contrary, he commissioned several reports which ignored the Trade & Industry Committee’s
recommendation to investigate space travel; the BNSC’s Submission to the Select Committee did not even
mention the subject, but gives an excessively rosy picture of his space policy by evaluating it in terms quite
diVerent from those used in business such as payback time, profitability, return on investment; and he
watered-down the BNSC’s objectives to reduce the importance of achieving economic benefit from space
investment—as discussed in Annex 2 of Space Future Consulting’s earlier Submission [12].

7.3 While it is understandable that the ex-Minister and the BNSCwish to emphasise the positive results of
their work, the Committee should not allow themselves to bemisled into believing that British space policy is
economically successful in the normal sense of these words. The expenditure of more than £1 billion for
which Lord Sainsbury was responsible during his tenure achieved no more than a small fraction of the
benefits readily attainable. The reason for this is that he did not permit any significant expenditure on the
key problem of space policy—reducing the extremely high cost of space travel—despite the fact that it is a
straight-forward, low-cost project, as described above and in [10], and as proved by SpaceShipOne in 2004.

7.4 The educational benefits of developing space travel will also be much greater than the BNSC’s
satellite-centred policy. Most children are indeed interested in space; however, like the Select Committee
Members, they are much more interested in the possibility of traveling to space themselves than in either
watching videos of other people traveling to space, or in studying highly technical subjects like satellite
design. The latter is valuable training for those who pursue a technical career; however, it is not eVective
in attracting most children to study science and technology—as can clearly be seen from drastically falling
enrolments in physics courses, as discussed in [12, 13]. Themodest cost ofmaking low-cost sub-orbital travel
a realistic possibility for young people would probably be more than repaid by the educational benefits
alone.

7.5 Development of passenger space travel will also create many employment opportunities in the field
of space medicine. The Select Committee received many interesting Submissions from dedicated members
of the fledgling space medicine community in Britain, requesting funding to support their work [16]. These
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were rather countered by the discussion on 21 February, when it was stated that, despite practitioners’
enthusiasm, space medicine oVers no pressing advantage for medical research; it is extremely expensive to
participate in Nasa’s “manned space flight” programme; and there are no particularly promising
commercial applications [8]. In this context, supporting the growth of a passenger space travel industry
oVers an ideal “Win-Win” solution, since it will create a self-financing activity that will inevitably require
extensive space-medical advice and research over a wide range of issues for several decades to come. In order
to make progress in this, the space medicine community should be funded to support the space travel
industry rather than “manned space flight”, in activities including passenger screening, advice, counter-
measures, international standards, related research, and othermatters. It is desirable that this activity should
be modeled on civil aviation medical services, which handle the full range of health, safety and medical
insurance issues on a large-scale, international, commercial basis, and are already starting to do this work
for space travel through the US Federal Aviation Administration (FAA).

8. Concluding Remarks: The Central Issue for Space Policy

8.1 In summary, the process needed to achieve the target cost of £3,000/passenger for sub-orbital flights
is a straight-forward vehicle project following a typical aviation business model:

— production of a prototype of the Ascender sub-orbital spaceplane (already designed);

— test-flights to achieve certification for passenger-carrying (as it is designed for);

— final design of production version; and

— regular flight operations for several years.

This process will lead to maturation of the vehicle and related operations, similar to the maturation of a
new aircraft, after which the typical cost per flight is a low multiple of the cost of the propellants used, as
described in [10].

8.2 The total cost of this process would be a few hundred £million over 10 years, much of which would
be covered by revenues from flights at higher prices than £3,000/passenger, for which there is known to be
strong demand.

8.3 The total cost to the government of such a project will depend on how large a role the government
wishes British companies to play in this new industry, and what other national benefits it wishes to obtain
from the project. Economically it would be most eVective to pay for at least the prototype and early test
flight operations, for which the funding needed is 10% of HMG’s expenditure on civilian space activities,
continued over a few years. This would avoid further years of delay; would obtain major nationwide
educational benefits; and would ensure the possibility of a leading role in future growth of the European
spaceplane industry for British companies.

8.4 Institutionally it will be most eVective if such a project is implemented via civil aviation institutions;
this willmake use of theCAA’s long and deep experience, including the unique, pioneering process of having
certified the supersonic Concorde airliner for passenger carrying.

8.5 An important risk-reducing factor is that funding the development of a suitable prototype spaceplane
in the near future, even if not followed up by investment in further project phases, would in itself have a
wide range of benefits for space science research, for education, for aerospace manufacturing, and for space
medicine, while also creating the opportunity to take a leading role in the European spaceplane industry.

8.6 As progress towards reusable spaceplanes is being made both in continental Europe and in other
countries, continued delay is becoming increasingly dangerous for the British economy. Within a few years
at most, China and India are likely to enter the space travel industry, after which the potential role of British
(and European) manufacturing industry will be greatly reduced, and the opportunity to take the lead will
have been lost—with all the implications that has for employment, related services, regulation,
standardisation and other matters.

8.7 The opportunities described above and in previous Submissions are not “too good to be true”,
although uninformed readers may be tempted to think so. Due to decades of stagnation in space
transportation, the benefit-to-cost ratio of investing in a sub-orbital spaceplane prototype is exceptionally
positive. Recent events have reduced the risks even further—notably the successful flights of SpaceShipOne,
and follow-on activities worldwide as more and more governments wake up to the potential. SpaceShipOne
demonstrated that the founders of Bristol Spaceplanes Ltd and SpaceFutureConsulting Ltd have been right
for 20 years. The feasibility of plans for the Ascender and Spacecab vehicles was endorsed by BNSC staV

in 1995 [5]. Nothing more remains to be done in order to create a major new opportunity for Britain’s
aerospace industry than to provide the small budget needed to implement this plan.

8.8 The ex-Minister for Science and Innovation, Lord Sainsbury, frequently spoke of the importance of
innovation, but he himself prevented it in this field for the full eight years of his tenure, without ever giving
any justification. The space industry is stagnating economically due to the central problem of excessively
high launch costs: this long-standing situation has persisted precisely because space policy makers refuse to
consider developing low-cost spaceplanes—for reasons which they have never explained. For example, the
BNSC’s Submission to the Select Committee does not even mention passenger space travel, which is the key
to reducing the extremely high cost of all space activities.
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8.9 This persistent behaviour raises the question: “Why?”Why did Lord Sainsbury decide to pursue this
economically unsatisfactory policy, specifically refusing to consider sub-orbital spaceplanes and/or
passenger travel—contrary to the assessment of BNSC staV in 1995, contrary to the Select Committee’s
criticism in 2000, contrary to the rapid progress made since then in other countries, and contrary to the
enormous potential benefits for Britain described above? From the above discussion it seems clear that the
reason was none of the following:

It was not because a sub-orbital spaceplane project is too costly.

It was not because a sub-orbital spaceplane would not be useful for research.

It was not because it does not oVer suYcient economic benefits.

It was not because the risks are too high.

It was not because existing space activities are suYciently profitable.

It was not because existing space activities have suYcient educational benefits.

It was not because the aerospace industry has no need for such a seminal new project.

8.10 To maintain silence while refusing to act on this central issue of space policy for eight years, even in
the face of explicit criticism, is surely the exact opposite of what should be expected of a “Minister for
Innovation”. To the contrary, a minister with specific responsibility for innovation should at the very least
perform a comprehensive review of the potential of such a major innovation, which by 2006 was widely
recognised as the most promising field for growth of commercial space activities, and which has been
advocated for more than 20 years by the British researchers leading this field.

8.11 Consequently, Lord Sainsbury’s inaction and silence on this most important issue amount to a
complete failure to discharge the important responsibility for which he was appointed. It would therefore
be greatly in the public interest for him to be required, as the ex-Minister responsible, to explain to the Select
Committee his reasons for having persisted in this policy which is so contrary to the interests of British
taxpayers.

8.12 It is a vital role of the Select Committee to take a broader view than that of each of the diVerent
organisations participating in government-funded space activities. It is clear that the BNSC’s continuing
refusal even to acknowledge the importance of passenger space travel, and a fortiori to invest in realising
it, has been a key failing of British space policy throughout the previous Minister’s tenure. It will be of the
greatest service to the British people if the Select Committee investigates this deep-rooted problem, and
strongly recommends action to redress it. As explained above, this will, at low cost, make a unique
contribution:

— to reducing the costs of all space activities,

— to renewal of Britain’s aerospace manufacturing industry,

— to reviving young peoples’ interest in science and engineering education,

— to the creation of a true space medicine profession, and

— to the start of a popular new travel service with limitless growth prospects.

8.13 It is highly desirable that the newMinister, MalcolmWicksMP, should not merely continue to give
lip-service to the idea of innovation, but should take the initiative to allocate the very modest budget
required to manufacture and test-fly the Ascender sub-orbital Spaceplane, and thereby obtain the wide-
ranging benefits described above for British taxpayers. The arguments in favour of investing in this project
are now overwhelming. To continue his predecessor’s negative policy would be to throw away a uniquely
valuable opportunity: it is extremely rare that such a widely beneficial outcome is available at such low cost
and risk. A positive decision will earn the gratitude not only of the aerospace industry for opening the door
to a new world of growth, but also of parents nationwide whose children will be inspired by the optimistic,
open-ended future to which the development of low-cost space travel leads.
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May 2007

Memorandum 110

Supplementary submission from the Medical Research Council (MRC)

The MRC has received one response-mode application in the field of space medicine over the past five
years (in 2001–02). This application was unsuccessful.

The average percentage success rate of response-mode grant applications across all topics in the five years
2001–02 to 2005–06 was 22% (range 18%–38%).

May 2007

Memorandum 111

Supplementary submission from the Natural Environment Research Council (NERC)

The European Space Agency (ESA) Earth Observation Envelope Programme (EOEP) is set to deliver six
so-called Earth Explorer missions over the next five years. These will make an enormous contribution to the
number of areas where space data can be used to address key environmental research issues. As detailed in
NERC’s written evidence, two missions are led by principal investigators from the UK:

— Cryosat will test the prediction of thinning arctic ice due to global warming, which could change
the climate of the Arctic and possibly other regions; and

— EarthCARE, a joint European-Japanese mission, will address the need for a better understanding
of the interactions between cloud, radiative and aerosol processes that play a role in climate
regulation.

The four further approved missions will, respectively:

— provide the best ever survey of the geomagnetic field and its temporal evolution, and gain new
insights into the Earth’s interior and climate (SWARM);

— measure the Earth’s gravity field and model the geoid with extremely high accuracy and spatial
resolution, crucial for deriving accurate measurements of ocean circulation, sea-level change and
terrestrial ice dynamics, all of which are aVected by climate change (GOCE). The geoid is also used
as a reference surface from which to map all topographical features on the planet;

— provide global observations of wind profiles from space to improve the quality of weather
forecasts, and to advance our understanding of atmospheric dynamics and climate processes
(ADM); and
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— observe soil moisture over the Earth’s landmasses and salinity over the oceans to enable
hydrological studies vital for improving our understanding of ocean circulation patterns (SMOS).

The two UK-led candidate missions for the next round of the Explorer programme, PREMIER and
BIOMASS, would look at atmospheric chemistry and forest biomass, respectively.

2. It is clear from the input from my co-witnesses (Mr Douglas and Professor Dalton) during the oral
evidence session on 7 February that both the Met OYce and Defra make regular use of data from satellite-
based observations.On the latter (Defra), youmaywish to note that, as part of theUK’s Countryside Survey
2007, which is funded largely by NERC and Defra, a new version of the national land cover map will be
produced where satellite land cover data will be integrated with data from the Ordnance Survey’s
MasterMap to produce a parcel-based land cover map. This will be a world first for the UK andwill provide
many new opportunities for both public and private sector groups.

3. Raising the awareness of Government departments to the potential uses that they might make of such
data is clearly important if Earth observations are to be exploited eVectively in the policy arena. I am aware
that DTI, through BNSC, have recognised this need and have run an activity, known as GIFTSS
(Government Information From The Space Sector), for a number of years which aims to encourage greater
use by the public sector of space data products and services. As I understand it, this initiative has so far
supported six pilot projects across four Government departments and there are a number of new projects
currently in the pipeline.

4. Finally, the instruments that I was referring to in my oral response are largely those to be flown on the
ESA’s forthcoming Explorer missions, as detailed in point 1 above. Significant new research opportunities
will be realised by the exploitation of the associated observations. In the cases of CryoSat, BIOMASS and/
or PREMIER, these will be supported by a strong link to NERC’s Earth Observation (EO) Centres of
Excellence Programme. Additionally, as identified by both Professor Quegan and Professor Wingham in
their oral evidence, the scientific community has made great advances in amalgamating diVerent datasets so
that the range of problems to which those datasets can be applied can be further broadened. This trend will
be reinforced through the establishment ofNERC’s newNational Centre for EarthObservation (fromApril
2008), which will, amongst other things, integrate expertise already nurtured through NERC’s Centres of
Excellence programme.

May 2007
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Supplementary evidence from the British Association of Remote Sensing Companies (BARSC)

BARSC was pleased to receive the Science and Technology Committee’s request for more information
on how the domain of Atmospheric monitoring could be a UK focus in GMES.

For programmatic reasons the planning of the GMES atmospheric services lags a little way behind the
land and marine services, this therefore opens the possibility for the UK to take a lead role in Atmospheric
services. These services would relate to public health information such as sunburn risk and air quality. A
trial of this type of service has already been established by a private British company: http://www.cerc.co.uk/
YourAir/ with ESA funding.

Improving and extending this type of activity is highly complementary with the meteorological services
provided by the MetOYce and in particular the climate change prediction activities of the Hadley Centre.
The key to improving air quality services is to combine both satellite and ground based data usingmodelling
and data assimilation techiques. Data assimilation (particularly of atmospheric data) is a significant UK
research strength, which is also strongly present within the National Centre for Earth Observation recently
established by NERC.

BARSC would wish to stress the importance of the delivery mechanism for Atmospheric services. Whilst
much information would undoubtedly be made publicly available free at the point of use there is also
substantial scope for added value personalised and location sensitive air quality services delivered direct to
citizens (eg via mobile text message) for which a commercial business model may be appropriate in future.

UK should therefore claim leadership in the atmospheric services domain of GMES on the grounds of
established scientific excellence, alignment with our world leading capabilities in climate forecast and the
proven ability in the UK to develop innovative commercial services as and when appropriate.

It is important to stress that time is of the essence so prompt, decisive and coherent action is required
within 2007 to achieve this objective. A successful outcome to such action would correct what BARSC
perceives as the previous failure of the UK in so easily conceding the leadership of land and marine services
within GMES to other European countries.

May 2007
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Memorandum 113

Supplementary submission from the Department for Environment, Food and Rural AVairs

EO Forum is a gathering of UK government departments and agencies interested in the uses and
applications of Earth observation to their problems. The Forum is non-executive and simply provides a
means to share information about individual strategies and activities and look for common approaches/
shared activities. Representation is at a relatively operational level and we are considering whether it could
become a more formal body.

Current representation includes Defra, Scottish Executive, Welsh Assembly, Forestry Commission,
Environment Agency, Natural England, Joint Nature Conservation Committee, Countryside Council for
Wales, Scottish Natural Heritage, English Heritage, Highways Agency, British National Space Centre,
Cefas, Lancaster County Council. Membership is open to any public body.

May 2007
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Supplementary evidence from the Ministry of Defence

SUPPLEMENTARY EVIDENCE IN RESPONSE TO COMMITTEE’S ADDITIONAL
QUESTIONS

Q.1 What has been the level of Met OYce subscriptions to EUMETSAT Programmes since 2000?

The cost information requested is contained in the attached table. The major satellite types (Polar and
Geostationary) are funded through programmes with a total life of 20–25 years. This leads to a cycle of
expenditure with significant peaks (during the build phase) and troughs (during the operational phase). We
are currently at a low point for both geostationary and polar satellites and expect a significant increase in
total contributions over the next few years as new, follow on programmes are approved. When expenditure
is averaged over the whole cycle it leads to a long term average payment equivalent to approximately £33
million per year.

The Met OYce, on behalf of the UK, has always adopted a cost conscious approach to EUMETSAT,
asserting national influence to ensure that programmes remain as cost-eVective as possible. This approach
is consistent with the EUMETSAT Convention which requires the organisation to operate in this manner.
The Met OYce will continue to seek eYciency savings from EUMETSAT and expects the organisation to
adopt international accounting standards as soon as practicable to improve its future financial management.

The Met OYce is confident that UK expenditure to date through EUMETSAT has delivered value for
money in services that feed directly into UK Public Weather Services which have consistently improved in
quality over many years. TheMet OYce is content that the long-term average payment of some £33 million
per annum is adequate to meet existing capabilities. Future investments will go through the normal
established approval scrutiny process to ensure that they deliver value for money for the UK taxpayer and
to address cash flow issues for the Met OYce that arise as a result of the cyclical nature of expenditure.

May 2007
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Annex 1

UK PAYMENTS TO EUMETSAT

General
administration

and
preparatory
activities for Polar Approx

new Geostationary Orbiting Ocean Sterling
programmes Satellites Satellites Altimetry Data Sales Total value

ƒ’000 ƒ’000 ƒ’000 ƒ’000 ƒ’000 ƒ’000 £’000
Actual Contributions

2000 2,285 13,577 22,535 "138 38,258 26,385
2001 1,909 11,206 23,117 "168 36,064 23,726
2002 1,658 11,691 19,919 "168 33,100 20,559
2003 2,329 13,084 22,196 300 "204 37,705 24,806
2004 2,480 22,614 20,151 303 "203 45,345 31,490
2005 2,541 21,226 19,536 367 "203 43,468 30,186
2006 3,808 16,062 16,860 380 "209 36,901 25,449
2007 4,251 11,061 15,825 395 "208 31,324 22,059

Memorandum 115

Submission from Gates and Partners

Summary

This paper provides a high-level overview of the existing international and UK provisions dealing with
space liability, summarises recentUS commercial spaceflight legislation applicable to space tourism and sets
out a proposed framework for future legislation taking into account lessons learned from the impact of
liability regimes upon the development of the airline industry.

I. Introduction

Mass space tourism is no longer science fiction but a number of technological, operational and legal
hurdles need to be addressed to support this nascent industry.

For present purposes we consider space travel in a craft through suborbital and orbital space rather than
the concept of “space hotels” or colonies in orbit or on the Moon.

II. Overview: Application of International Air and Space Law to Space Tourism

A. Air or space law or both?

Many of the space passenger transportation vehicles currently under development are two-part vehicles
where the space-going portion is carried on and launched from an aircraft. Will such vehicles be subject to
air law, space law or both (ie space law whilst in “outer space” and air law at other times)? This is a
fundamental issue because the legal regimes for air and space law are very diVerent.

Unfortunately there is no straightforward answer. At present, UK and international space law does not
define where “outer space” starts and finishes. The focus of air and space law has previously been diVerent:
air law has recognised the rights of sovereign States to control their airspace whereas outer space is to be
used by all States for the benefit of the world.

The issue has been debated by the United Nations Committee on the Peaceful Uses of Outer Space
(UNCOPOUS) since 1967 without resolution and currently the Scientific and Technical Committee is
considering the issue from a technical perspective. The debate has focused on two approaches: a direct or
spatial approach seeking to define “space” by reference to a certain altitude (various altitudes between 90
and 110km above sea-level have been suggested) or an indirect or functional approach based on the purpose
or functions of the vehicle. Similarly, the development of new space vehicles led UNCOPOUS to issue a
questionnaire to States with questions concerning what it termed “aerospace objects”. States’ views were
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sought as to how such aerospace objects would be defined and which legal regime (air, space, both) applied.
The diVerent responses of States demonstrated that achieving consensus on this issue is likely to be
challenging.

B. The existing space liability regime: international

The existing international space law treaties date from the late 1960’s and 1970’s. They do not
satisfactorily deal with space tourism, since they were drafted in order to facilitate governmental space
activities at a time when private space activities were non-existent.

There are five treaties applicable to activities in space:
— the Outer Space Treaty 1967 (OST);90

— the Liability Convention;91

— the Rescue Agreement;92

— the Registration Convention;93

— the Moon Agreement.94

A detailed consideration of these treaties is outside the scope of this paper and so we highlight some of
the main provisions arguably applicable to space tourism.

(i) Jurisdiction

A Launching State is responsible under the Registration Convention for registering the space object95 if
launched into earth orbit or beyond. However, at present, space tourism flights are intended to be sub-
orbital and so this Convention will not apply.

The Launching State has jurisdiction and control over objects launched into outer space on its registry
and over personnel while in outer space or on a celestial body.96

(ii) Passenger Liability

Arguably, the main problem with the existing treaties is that they do not provide an eVective mechanism
to limit liability to passengers. Limitation of such liability was a key factor in supporting the development
of the aviation industry97 and will be equally important to the developing space tourism industry.

If a space passenger flight was launched into earth orbit, then, because the State of registry under the
Registration Convention applies its jurisdiction to the spacecraft, any claims for damage by the passenger
would be pursued within that State.

The Liability Convention only covers liability for damage to the surface of the earth, to aircraft in flight
or to the space objects (including personnel on board) of another State: it does not deal with the issue of
liability to personnel on the space object itself. In any event, individuals have no direct right of action under
the Liability Convention: claims must be brought by the aVected State.

The Launching State is itself responsible for damage caused by a space object to its own nationals or
foreign nationals participating (by invitation) in the operation of that space object (from launch until
descent) or in the immediate vicinity of a planned launching/recovery area if they are invited by the
Launching State.

(iii) Third Party Liability: Surface Damage

Under the Liability Convention, a Launching State98 faces strict liability for any damage caused on the
surface of the earth or to aircraft in flight. A Launching State is liable, upon proof of fault, for damage to
space objects of other States, or personnel on those objects.

There is no provision limiting the liability of the launching State but usually States transfer the burden
of liability to private companies or insurance through domestic legislation. In case of an accident the claim
for compensation can only be presented to a launching State through diplomatic channels, giving thus a
political tone to the settlement procedure and leaving private entities with little control.

90 The Treaty on Principles Governing the Activities of States in the Exploration and Use of Outer Space, including the Moon
and Other Celestial Bodies 1967.

91 The Convention on International Liability for Damage Caused by Space Objects 1972.
92 Agreement on the Rescue of Astronauts, the Return of Astronauts and the Return of Objects Launched into Outer Space

1968.
93 The Convention on Registration of Objects Launched into Outer Space 1976.
94 Agreement Governing the Activities of States on the Moon and Other Celestial Bodies 1979.
95 Registration Convention Article II.
96 Supra Article VIII.
97 Convention for the Unification of Certain Rules Relating to International Carriage by Air, Signed atWarsaw on 12 October

1929 (Warsaw Convention 1929).
98 ie a State that launches, procures the launch of, or from whose territory a space object is launched.
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(iv) Search and Rescue

The Rescue Agreement imposes two general obligations on States. First, to render any assistance to
astronauts as required. Secondly, a State is required to inform the Launching State and the United Nations
if it discovers that a space object has returned to earth and, if requested, to take steps to recover and return
it to the Launching State. Strictly speaking the Rescue Agreement does not cover passengers. However,
under an expansive interpretation of the term “personnel of a spacecraft” passengers might be aVected by
its provisions. If so, passengers in distress are entitled to all feasible assistance from any relevant State.
Furthermore, they have the right to be safely and promptly returned to representatives of the launching
authority.

C. The existing space liability regime: United Kingdom

The legal framework for regulating commercial space activities in the UK is governed by the Outer Space
Act 1986 (“the 86 Act”).

Sections 1 and 2 provide that the 86 Act applies to UK nationals, firms and bodies incorporated under
the laws of any part of the UK that launch or procure the launch of a space object, operate a space object
or carry any other activity in outer space, regardless of whether these activities are carried out in the UK or
elsewhere. By restricting the application of the 86Act toUKnationals, theUKruns the danger that a foreign
national who conducts space activities in the UK would not be subject to regulation and thus UK would
not be adequately protected as a Launching State.

Before issuing a licence, the BritishNational Space Centre (BNSC)may require the licensee to insure itself
against liability incurred in respect of damage or loss suVered by third parties in the United Kingdom or
elsewhere, as a result of the activities authorized by the license. The UK does not impose a compulsory third
party insurance requirement, although the government may impose this condition upon the grant of a
licence.

Section 10 of the 86 Act requires all persons carrying on space activities to indemnify the UK government
against any claim for loss or damage, if such person is one to whom the Act applies. Currently, the BNSC
requires the licensee to provide evidence of third party liability insurance of £100 million and for the UK
government to be an additional insured to the insurance policy. Therefore, the UK government does not
indemnify licensees who bear all financial responsibility for third-party claims, but limits the insurance
requirement to £100 million to facilitate operators to buy insurance coverage on reasonable terms.

The insurance policy should cover both the launch and the in-orbit phase (at least three years). If a licence
is granted for the launch of a number of satellites, and a claim is made following one of the launches which
exhaust the £100 million cover, the licensee is required to renew the cover for the remaining launches.

D. The existing aviation legal regime: international

If it was determined that aviation law applied to a space tourism flight for all or part of its journey, then
the following regime would apply.

International carriage by air of passengers, baggage and cargo is generally subject to a regime based upon
the Warsaw Convention 1929, the Warsaw Convention as amended by the Hague Protocol 1955 or the
Montreal Convention 1999, depending upon the routing of the flight. In the European Union, Regulation
(EC) No 889/2002 of the European Parliament and of the Council of 13 May 2002 amending Council
Regulation (EC)No 2027/97 on air carrier liability in the event of accidents is also applicable to Community
Air Carriers. For passenger death or bodily injury resulting from an accident in the course of carriage by
air, embarking or disembarking, the carrier is liable without proof of fault. Warsaw/Warsaw Hague
Conventions limit liability in the absence of wilful misconduct by the carrier: the Montreal Convention
provides for unlimited liability although the carrier is not liable above 100,000 Special Drawing Rights if
they establish that they took all necessary measures to avoid the loss.

Regulation (EC) No 261/2004 of the European Parliament and of the Council of 11 February 2004
establishing common rules on compensation and assistance to passengers in the event of denied boarding
and of cancellation or long delay of flights provides for compensation for passengers in the event of denied
boarding or delay.

E. The existing aviation legal regime: domestic

Domestic carriage in the UK is governed by the Application of Provisions Order 2004 which applies a
modified version of the Montreal Convention. EC Council Regulation No 889/2002 is also applicable to
domestic carriage where the carrier is a Community Air Carrier.

There are many legislative provisions implementing public and private international air law convention
requirements such as the Chicago Convention referred to above and providing for air traYc rights, rules of
the air and accident investigation.
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The “Liability Convention” opened for signature at London, Moscow, and Washington on 29 March
1972. To date only the US has developed specific legislation in respect of space tourism.

The background to this is that on 11 February 1988, President Reagan issued the National Space Policy
and he announced a 15-point Commercial Space Initiative (CSI) which, inter alia, established a
comprehensive risk allocation regime between the government and private sector for use of government
launch facilities for commercial purposes and recognised a commercial space sector distinct from the
military and civilian government sectors.

The Commercial Space Launch Amendments Act of 1988 (“CSLA”) codified into law these policies and
responded to the industry’s concerns. The CSLA and the accompanying regulations provide a risk-
allocation system amongst the various participants involved in launch services. The aim was to facilitate the
development of the US commercial launch industry by allowing it to compete in the international
marketplace and to provide launch participants with protection against the risk of catastrophic losses and
unlimited liability. The CLSA forms the basis of the three-tiered comprehensive risk allocation regime
currently in force and encompasses a complex system of insurance requirements, state indemnification,
reciprocal waivers of liability, limitations of liability, contractual remedies and clauses excluding liability.

The US legal framework requires licensees to obtain liability insurance or demonstrate financial
responsibility based on Federal Aviation Administration (FAA) determination of the maximum probable
loss (MPL). Currently, US law provides for a statutory limit in the amount of insurance or financial
responsibility required of US$500 million for third party claims for injury, loss, or damage, and US$100
million for claims by the US government for damage or loss to Government property resulting from an
activity carried out under the license. If the maximum liability insurance available on the world market at
reasonable cost is less thanUS$500million/$100million, it is provided that the capmay be lowered to reflect
the market’s capacity.

Launch participants are also required to enter into no-fault, no subrogation reciprocal or cross-waivers
of claims under which each participant accepts its own risk of property damage or loss and agrees to be
responsible for injury, damage, or loss suVered by its employees.

To the extent that third-party liability claims exceed theMPL-based cap, the US government will pay for
claims up to US$1.5 billion (approximately US$2 billion today), provided that the damage did not result
from thewilfulmisconduct of the licensee. For damage to government property, theU.S. governmentwaives
claims for property damage above the required insurance.

Government indemnification for third-party risks is capped at $1.5 billion. Above that amount the launch
provider bears exclusive responsibility for covering claims.

(i) The Commercial Space Launch Amendments Act 2004

On 23 December 2004 the Commercial Space Launch Amendments Act 2004 (CSLAA) was enacted in
theUS to facilitate the “development of the emerging commercial human space flight industry” by expressly
authorising the licensing of manual re-usable launch vehicles (RLV’s), extending the liability
indemnification regime for commercial human space flights and establishing a new system for experimental
re-usable suborbital rockets.

The CSLAA purports to establish a distinct commercial human space flight by creating a “clear legal,
regulatory and safety regime”. The Act requires regulatory standards governing human space flights to
evolve as the industry matures and vests the authority to the FAA /Associate Administrator for Commercial
Space Transportation (AST) to regulate the industry under 49 U.S.C. Subtitle IX, Chapter 701. This
authorisation includes the promulgation of regulations for the safety and health of crew and space flight
participants; and for the launch vehicle design or operation that will take into consideration the evolving
standards of safety in the commercial space flight industry.

The main points of the Act are the following:

(a) Flight participants

A space flight participant is defined as an individual, who is not crew, carried within a launch vehicle or
re-entry vehicle. The CSLAA requires that the holder of a licence or a permit informs the space flight
participant in writing about the risks of the launch and re-entry including the safety record of the RLV. The
licence holder must also inform the space flight participant in writing prior to receiving any remuneration
from that participant, that theyUS government has not certified the vehicle as safe for carrying crew or space
flight participants. In turn, the space flight participant must provide a written informed consent to
participate to the launch and re-entry and also a written certification of compliance with physical
examinations prescribed by the FAA.

On 15 December 2006, the FAA issued final regulations (the Regulations) relating to space flight
participants. In a nutshell, the regulations include the following:
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— Informed consent: RLV operators should inform in writing the flight participants (they must be
at least 18 years old) about the known and unknown hazards and the risk of the flight in an
understandable manner, ie the likelihood and the consequences of any reasonable foreseen
hazardous event and safety-critical system failures that could result to their death, injury, disability
and total or partial loss of physical and mental function. RLV operators should describe to each
flight participant the safety records of their vehicle and of all launch and re-entry vehicles that have
carried persons on board, providing also an opportunity for the participants to ask questions.

— Training: RLV operators should provide safety training to the participants and should impose
security requirements, similar to those applied to airline passengers. Operators are required to
train passengers on how to respond during emergencies such as fire, smoke or loss of cabin
pressure. Physical examination of passengers is not mandatory, but the FAA recommends it.

(b) Crew

The CSLAA requires that the crew receives training and satisfy medical or other standards specified in
the licence or permit. Pilots are required to hold a pilot’s certificate with an instrument rating and to possess
the aeronautical experience and skills necessary to pilot and control the vehicle.

Crew members with a safety-critical role are required to obtain second-class airman medical certificates
issued within a year of the flight and maintain a physical condition and mental state suYcient to perform
safety-related roles. Furthermore, the Regulations provide for the operators to train crew members on how
to perform their roles to ensure the vehicle will not harm the public. No further guidance is being provided
in the Regulations, but the FAA committed itself to carry out further research. The RLV operator must
also inform crew members in writing prior to them agreeing to fly or prior to being employed, that the US
government has not certified the vehicle as safe for carrying crew or space flight participants.

(c) Experimental permits

To encourage the development of reusable suborbital rockets, the CSLAA provides for the issue of
experimental permits allowing for an unlimited number of launches.However, this permit is not transferable
and does not authorise a rocket to be operated for carrying any property or human being for hire or reward.

Furthermore, the Act limits the FAA/AST’s authority to issue permits for reusable suborbital rockets to
those rockets that will be launched or re-entered solely for: (1) research and development to test new design
concepts, new equipment, or new operating techniques; (2) showing compliance with requirements as part
of the process of obtaining a licence; or (3) crew training.

(d) Liability insurance and indemnification

The CSLAA excludes crew and space flight participants from the definition of third party and requires
crew and space flight participants to execute reciprocal waivers of claims involving the DOT/FAA. Under
this regime each party waives and releases claims against the other and agrees to assume financial
responsibility for property damage it sustains and in respect of bodily injury or property damage sustained
by its own employees or by space flight participants resulting from licensed activity regardless of fault.

Furthermore, the liability indemnification regime of the CSLAA is inapplicable to space flight
participants. This means that the US government will not entertain a successful third party claim against a
space flight participant involved in a licensed flight.

TheRegulations purport to clarify that the complex system of cross-waivers applies to the death of a flight
space participant and also that it covers the estate, successors and assigns of a crew or passenger.
Furthermore, the Regulations do not require a waiver of claims against the operator, yet operators may
make it part of their contractual arrangements. The FAA explicitly rejected a request to require the operator
to provide personal insurance for passenger noting that, historically, space flight participants are expected
to purchase first party insurance.

III. Conclusion

Neither the international nor UK domestic existing legislation provides an adequate framework for
dealing with space tourism and, even in the US, where legislation has been enacted in response to the
developing industry many issues are not yet fully developed or resolved. The technology and the business
opportunities are developing faster than the legal regimes. Space tourism flights should be subject to one
legal regime specifically tailored to space tourism. Any solution involving the application of air law to one
part of the flight and space law to another would be practically unworkable. The aviation industry is a
mature and fully-established industry, highly regulated and involving minimal risk to passengers. The space
passenger industry is young, developing and, as with the early days of aviation, will involve greater risks to
passengers.
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The space sector is important to the UK economy, as the UK has a key role to play in developing these
innovative technologies. It is therefore desirable that the UK is at the forefront of developing domestic
legislation to support this technology, yet mindful of international obligations.

Key goals for such domestic legislation would be:

— To ensure that the fledgling industry is not stifled by the threat of litigation and unlimited,
uninsurable liability.

— To be clear so that business is attracted by legal certainty to the UK.

— To develop a forward-thinking strategy providing a practical regulatory framework for space
tourism—for example traYc management, environmental, safety and accident investigation both
domestically and internationally.

Any legislation would need to ensure that there are fully enforceable and absolute waivers of liability in
respect of passengers. Domestically, exemptions would need to be made to the Unfair Contract Terms Act
1977 which prevents exclusion of liability for death/personal injury.

The existing space law treaties were drafted at a time when space exploration and activities were the
province of States rather than commercial organisations and the time is now ripe to draft a new international
treaty prepared specifically to support and develop space tourism, drawing parallels with the development
of the legal regime surrounding the aviation industry.

Providing clear and enforceable limited liability is just the starting point of such a treaty. There are many
other issues which need to be considered and legislated for. The commercial aviation industry is one of the
most heavily-regulated industries in the world. In addition to a mature liability regime and developed
product certification requirements, ancillary activities are also regulated. For example, the Chicago
Convention on International Civil Aviation 194499 and its Annexes provide a fundamental basis for the
promotion of flight safety worldwide. Among the eighteen Annexes adopted by the Council of the
International Civil Aviation Organization (ICAO), fifteen refer to technical issues of air navigation by
prescribing specifications for “physical characteristics, configuration, material, performance, personnel, or
procedure”.100 As the space tourism industry develops, these issues will need to be considered as well and
there will be a need for the space equivalent of ICAO—International Commercial Space Organisation.

April 2007
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Submission from the National Aeronautics and Space Administration (NASA)

Background

NASA has enjoyed a long history of productive cooperation with the UK particularly in Earth and space
science and primarily working though the British National Space Centre (BNSC). Since the announcement
of the Vision for US Space Exploration in 2004, experts from NASA and the UK have been conducting
exploratory discussions in potential opportunities for enhanced space exploration cooperation. These
discussions have included bilateral meetings, participation in international exploration workshops and
conferences and visits to the UK by the NASA Administrator and other senior NASA oYcials with a goal
of identifying areas for future mutually beneficial cooperation.

NASA is continuing to follow developments in UK space activities very closely and with interest,
including the activities of your committee. As such, I am pleased to have the opportunity to provideNASA’s
responses below to the committee’s questions:

1. The UK targets most of its space expenditures on the ESA programme. Would NASA welcome a higher
level of funding by the UK for bilateral missions?

NASA currently has a robust program of space cooperation with ESA and also on a bilateral basis with
the UK. A key longstanding guideline for NASA’s international cooperation has been that contributions
from any partner need not be equivalent. As such, NASA welcomes mutually beneficial cooperation with
any organisation regardless of the level of contribution. provided such cooperation has scientific or technical
merit and meets NASA’s programmatic objectives. While NASA would welcome enhanced bilateral
cooperationwithUK space organizations, it would not be appropriate forNASA to recommend themanner
in which the BNSC allocates resources for space activities between national programs and ESA.

99 Convention on International Civil Aviation, signed at Chicago on 7 December 1944.
100 Annex 11, at vi.
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2. Has the UK decision not to participate in manned spaceflight projects caused serious diYculties in the
relationship with NASA and the UK? Would a change in this policy be necessary for the UK to contribute to
the Exploration programme?

NASA currently conducts space cooperation with the UK primarily in Earth and space science activities.
While NASA would welcome enhanced cooperation with the UK in the area of human space flight, a
significant policy change is not necessary to meaningfully cooperate in a mutually beneficial manner. For
example, NASA has recently entered into agreements with the Indian Space Research Organization, which
currently does not have a human space flight program, for cooperation on an Indian-led robotic mission to
the Moon. The data from this cooperative mission will provide unprecedented scientific insights into the
lunar environment and at the same time will assist NASA with its plans for the establishment of a human
presence on the lunar surface, Similarly, NASA’s ongoing discussions with BNSC have sought to capitalize
on the significant science and technology capabilities that currently exist in UK government labs, industry
and academia with a goal of identifying specific areas of cooperation that are mutually beneficial and can
contribute to respective national goals for space exploration. In summary, NASA has very ambitious goals
for exploration that integrate human and robotic activities over a wide range of disciplines. It is not
necessary for our partners to share the same broad goals with respect to human space flight in order to
benefit from bilateral cooperation in space.

3. Has NASA found the “partnership” nature of the BNSC structure to cause any diYculty in liaising with the
UK? To what extent would another structure be more eVective?

NASA has a long history of very productive cooperation with BNSC. Any potential issues regarding the
structure of the UK’s participation in these cooperative activities have been addressed by documenting our
cooperation in written specific agreements with clearly defined managerial and technical interfaces.
Although NASA would welcome a single counterpart agency that represents UK civil space interests, it has
not found that the current arrangement has posed any particular impediment to cooperation.

4. How does NASA rate the quality of the UK space community both in academia, in industry and in the
commercial user development sector?

NASA does not maintain such ratings for its international partners. I would like to note however, that
over the last 10 years NASA has established over 900 international agreements with organisations from 68
countries. Ten partners account for 75% of these agreements and the UK is one of those 10 partners.
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Submission from Satellite Observing Systems (SOS)
— Satellite Observing Systems (SOS) is one of the very few UK commercial companies certainly the

longest serving providing value-added marine products from satellite observations.

— When it comes to marine environmental monitoring there is a very strong case for breaking the
mould. We have been doing things the same way for too long.

— The current GMES programme proposes, yet again, a series of single satellite missions. We are all
too familiar with their performance. Certainly, their observations will add to the climatological
type of date bases that are essential to detecting slow, long-term trends; but, they will contribute
little or nothing to the future needs of both DEFRA and commercial marine operations for near
real-time information on impending threats.

— There are also substantial societal benefits to be derived from building on this country’s world lead
in the manufacture of small satellites that would complement the sparse coverage of these GMES
single missions. Leading on a system with the capacity to warn emerging nations of the next
impending disaster would do nothing to harm this country’s Image abroad.

— The Disaster Monitoring Constellation pioneered by SSTL to monitor over land is the first in the
world. By attracting investments from other nations It has been a commercial success for this
country. It may be argued that the need for an international maritime surveillance system is even
stronger.

— Many people in space now support the case for creating a modest national programme to
complement our subscription to ESA missions. Developing relatively low-cost small satellites to
form the cornerstone of a system that permitsmore reliablemonitoring of ourmarine environment
must count as a strong candidate.

January 2007
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Memorandum 118

Submission from British Telecommunications plc

Introduction

BT’s profile of space-related activities and interests has changed considerably over the last few years and
is likely to continue to evolve. BT sees its future in space as being to:

— provide satellite communication solutions to extend reach for our business customers— using
customised VSAT, broadband and mobile products;

— extend services to other countries who rely on satcoms for their international links; and

— provide new and innovative services that use (and sometimes rely on) space capability, eg tracking
of goods, mobile data services, disaster recovery solutions and the distribution of media and
broadcast content.

BT sees its major growth coming from serving large organisations by oVering them advanced networked
IT solutions both in the UK and on a global basis. BT sees Space as oVering capabilities that can be
incorporated into broader networked IT solutions for these customers and we are increasingly relying on
other satellite industry players that oVer capacity, infrastructure and products.

BT responded to the BNSC’s Space Strategy consultation and we attach a copy for information, because
it expands on some of the issues raised below.

In direct response to the topics raised in the Select Committee’s Terms of Reference, BT has the following
comments:

1. The impact of current levels of investment on space-related activities on the UK’s international
competitiveness in this sector

The Space industry is set to grow significantly in the coming years. Many of the rapidly developing
countries are investing heavily into this field as well as the traditional leading space countries. The UK
currently has the capability in terms of expertise, innovation and commercial awareness to exploit this but
some Government support is needed to maintain that leading role. Success for UK industry will depend on
whether the products it produces are user-centred. Hence, while the UK should strive to match investments
in space sector made elsewhere to ensure it is not disadvantaged, it should only do so where there are clearly
identifiable end-user benefits in view. In practical terms this means adequately funding the ARTES and
Galileo programmes and looking at developing a national programme that fully supports the development
of new and innovative end-user services.

2. The benefits and value for money obtained from participation in the European Space Agency and other
international programmes

BT generally believes that the UK gets value for money for its participation in ESA and international
programmes, but needs to be more proactive within ESA and the EU to ensure that the right direction is
developed. It is important that Government fully supports more user led programmes of work through a
more coherent and consistent approach.While we are well served by our BNSC colleagues they do not seem
to be fully supported by some of their GovernmentDepartment partners. This weakens their ability to speak
authoritatively for theUKcomparedwithmore Space friendly European nations.Wewould support amore
proactive role for BNSC in policy formation and execution even if this means changes to the way it is
structured and operates.

3. The maximisation of commercial benefits and wealth creation from UK space-based technologies through
innovation and knowledge transfer

BTbelieves this is a key area for theUKwherewe already have considerable creative and innovative skills.
Focus on this through a properly funded National Programme would be welcome.

4. The delivery of public benefits from the space-related activities of diVerent Government departments (eg
DEFRA, MoD, DTI, DfT), and the co-ordination of these activities

BT believes there are significant societal benefits from greater use of space technology. However there
appears to be poor coordination across government despite BNSC eVorts.More active engagement between
industry and the relevant Government Departments would be of benefit. To ensure industry participates
fully, direct financial investment by the Government is likely to be required.
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5. Support for space-related research and the UK skills base

BT believes that for the UK to retain its leading position in the field of Space it will need to invest more
in developing its UK skills base. In an increasingly global market place, organisations like BT have access
to skills across the globe. Many of the jobs created by the space industry will involve IT and software skills
to deliver service to customers. Fortunately Space itself can generate interest in science and technology
careers for young people and therefore help to generate and develop these skills.

May 2007

Memorandum 119

Supplementary evidence from the Science and Technology Facilities Council (STFC)

MoonLITE stands for Moon Lightweight Interior and Telecommunications Experiment. It has multiple
scientific, exploration and technological goals.

The scientific goal would be to investigate the unknown interior structure (core/mantle/crust) of theMoon
through deploying a network of seismometers and heat-flow sensors. The exploration goal would be to act
as a pathfinder for high data rate communications between the Moon’s surface, lunar orbit and the Earth.
Such capability will be needed for future robotic and human exploration for example in support of the US
human exploration of the Moon. If such services can be commercialised, surplus capacity beyond that
needed by governments could be sold to media and entertainment. An approach analogous to Paradigm/
Skynet 5 is foreseen. The technological goals of MoonLITE are two-fold: first, to extend the UK’s lead in
small satellite technology and thus our industry’s position in the global market; and second, to test
penetrators which are an attractive means of deploying miniaturised science instruments onMars, Europa,
Mercury and other distant destinations.

MoonRaker is a concept for a small soft lander. Technologically, it would be the first European controlled
soft-lander and thus demonstrate capability needed for exploring all planetary destinations. Two sub-
versions have been studied, with diVering scientific goals. In both cases, the instrumentation is derived from
that developed for the Beagle 2 Mars lander.

The first version would land on the lunar near-side allowing direct communication to the Earth. It would
test a novel technique of in-situ age-dating of lunar rocks. This is important because our knowledge of the
age of planetary surfaces throughout the solar system is derived from the limited samples brought back from
theMoon between 1969 and 1972. There are gaps and uncertainties in our existing knowledge and it will be
many years before samples can be returned from distant planetary locations: MoonRaker would test a
robotic age dating technique to overcome this problem.

The second version would be combined with an orbiter such as that for MoonLITE to provide
telecommunications relay. The lander would descend to a polar location to undertake geochemistry and
search for polar volatiles (eg water, organic material) that may be caught in cold traps in permanently
shadowed craters. Some orbiter data suggests their presence, perhaps relics of crashed comets from the early
solar system. Beyond the scientific interest, the possible exploitation of such in-situ resources could support
human outposts at the Moon.

Pre-phase A study of both missions was funded by PPARC (now STFC) and completed in 2006. Some
preliminary technology work on the penetrator technology forMoonLITE is now underway in industry and
academia. BNSC/STFC is exploring the way forward for the mission concepts through several routes.

We have discussed the study results with NASA who have recognised that they are aligned with goals
within the US exploration planning. At present, NASA does not have all of the financial resources to
undertake its previously planned robotic exploration of the Moon in the period 2010–15, so it is interested
in collaboration. This led to the joint NASA/BNSC agreement. The next step is to set up a joint study team
to define a common set of objectives and design solutions. This will probbaly take the next six to 12 months.
Variants of both mission concepts have also been proposed into the recent ESA open calls for new mission
concepts in the Cosmic Vision science programme and in the Aurora exploration programme. Evaluations
are awaited. There have also been a number of informal approaches to the UK from individual European
and non-European countries regarding possible collaboration on these mission concepts.

The eventual outcome of these discussions will be conditioned by the outcome of the current Spending
Review and will be tensioned by STFC against other priorities.

May 2007



3553511124 Page Type [O] 12-07-07 01:53:06 Pag Table: COENEW PPSysB Unit: PAG1

Science and Technology Committee: Evidence Ev 407

Memorandum 120

Supplementary evidence from the Ministry of Justice

Enquiry on Space Policy

The Committee has requested a brief memorandum on satellite tracking of oVenders, following evidence
presented to the Committee by David Williams, Director General of the British National Space Centre. He
referred to the interest shown by the Home OYce in the use of satellites for prisoner “tagging”, which we
understand to be a reference to tracking or location monitoring.

The National OVender Management Service (NOMS) undertook three satellite tracking pilot
programmes in Greater Manchester, West Midlands and Hampshire between September 2004 and June
2006. Over 500 oVenders, either as a condition of their licence on release from prison or as part of a
community order, were satellite tracked during the programmes. Tracking was used as an additional layer
of supervision to what could be, in the case of a very high risk oVender, a comprehensive multi-layered
programme.

One of the objectives of the pilots was to gain practical experience of tracking technology. GPS (Global
Positioning by Satellite), a US defence satellite network, has been used to monitor the location of oVenders
in the community since the mid 1990s. It was recognised during the pilot programmes that satellite tracking
cannot guarantee complete coverage of an oVender’s movements, but technology continues to advance. The
HomeOYce Scientific Development Branch works closely withNOMS and other government departments,
including BNSC, to ensure it can bring the most eVective technologies to bear on delivery objectives. The
department has a wide range of security needs, some of which can be aided through space based technology.
On tracking, Galileo may oVer more resilient signals than other systems which might enhance location
operation in buildings, potentially increasing the range of options for oVender monitoring.

The pilot programmes were subject to a full evaluation, the final report on which is due to be published
shortly. The future of satellite tracking tomonitor oVenders is currently being reviewed by aWorkingGroup
established across NOMS and the Home OYce and will be considered under the auspices of the Ministry
of Justice.

May 2007

Memorandum 121

Submission from Ofcom

Introduction

1. Ofcom was established as a body corporate by the OYce of Communications Act 2002. Ofcom is the
regulator for the UK communications industries, with responsibilities across television, radio,
telecommunications andwireless communications services. In relation to satellite and space sciences, Ofcom
are responsible for international and national spectrum management, including:

— International negotiations on space and science services allocations within the ITU Radio
Regulations.

— Managing, on behalf of UK government, the specific ITU satellite co-ordination and notification
procedure.

— Earth station licensing in the UK.

— Engagement in international forum on sharing criteria for space and science services spectrum
shared with other services.

2. Current specific activities which Ofcom is undertaking on behalf of our stakeholders in the satellite
sector are the preparation and attendance, later this year, at the international ITUWorldRadioConference;
and support to the European Commission’s process for the selection & authorisation of Mobile Satellite
Services (MSS) at 2GHz.

3. Whilst we believe that, given the specific focus of your inquiry, it would not be appropriate for Ofcom
to comment more widely on the issues that have been raised, nor to expand on the range of issues we deal
with, within the satellite and space arena, we do think it would be helpful to give some context to a number
of specific points, raised during the inquiry that relate to directly to Ofcom’s activities in this regard.

4. Ofcom Response to P.168 of the memoranda (from Intellect):
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5. “To help government users and UK enterprises exploit space and fulfil its wider policy objectives the
UK should seek to align its regulatory approach to support its strategic development, rather than hinder it
as sometimes appears to be the case now. For example, Ofcom’s management of UK spectrum use is
becoming veryUK-centric in that the wider policy implications and international dimensions of existing and
new satellite services do not appear to be taken into adequate account when planning future spectrumusage.
Specific examples include:

— “Ofcom is seeking to allow new terrestrial services to encroach on the existing receive C-band
transmission band which will restrict the introduction of new earth stations and potentially cause
interference into existing links. This is the prime band for global connectivity and could jeopardise
the UK links to other countries, in particular in Africa where satellites in this band provide the
only available telecommunications link between the UK and many of the poorer countries.”

6. This is a very important issue for the UK and Ofcom is currently considering this as part of its
preparation for the ITUWorld Radio Conference. Ofcom consulted with UK stakeholders on the line that
the UK should take in the international discussions which might lead to this decision, earlier this year, to
which responses were received from both the mobile and satellite stakeholders, presenting conflicting views.
Ofcom is currently evaluating these responses and expects to make a statement on this issue in the near
future.

— “Ofcom is planning to use an unwieldy clearance mechanism for temporary transportable
terminals in the internationally designated exclusive satellite bands (eg 14-14.25GHz) for VSAT
services. This would represent an additional burden for new players seeking to support the security
and emergency services with new capabilities.”

7. Ofcom has no plans to change the way temporary transportable satellite terminals are cleared for
permission to operate. Ofcom assumes that a misunderstanding has occurred.

— “Ofcom requiring clearance (SATCLEAR) and registration of VSAT terminals for satellite
broadband and similar services in the UK—no such registration is required in some other parts of
Europe.”

8. Ofcom has an obligation to ensure that vital government communications and safety services are
protected from the risk of interference. This has resulted in the current site-clearance procedures. Ofcom
keeps such requirements under review so as to minimise the regulatory burden on stakeholders and is
currently reviewing with MOD and CAA their specific requirements within the SATCLEAR process.

— “Ofcom is proposing a massive increase in satellite earth station licence fees (at least three-fold for
most permanent earth stations) and this will have a detrimental eVect on business cases for satellite
services.”

9. Satellite Earth Stations and Fixed Link systems operate in spectrum that is allocated to both services
on a shared basis. Licences are awarded to new applicants for either type of station on the basis of being
able to demonstrate frequency coordination with systems that have already been licensed. Therefore the
value factors in the proposed Satellite earth station fee algorithms are derived from comparable value factors
that were introduced into Fixed Link licence fee algorithms in 2005. The revised Satellite Earth Station fee
algorithm is structured in a similar way to the existing fee algorithm. However, some years ago the value
factors in the fee algorithm were erroneously set too low and as a result Earth station licence fees fell
dramatically below the level they had been previously. This revised fee algorithm was the subject of a public
consultation and corrects the anomaly which has existed for five years.

May 2007
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