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Foreword 

The Commission Espace de l’Académie Nationale de l’Air et de l’Espace was set up and 
began working in January 2004, following a decision by the Académie taken at the end of 
November 2003. It set up six sector-focused working groups, each tasked with deliberating on 
a certain area of space activities and with making recommendations on their future based on 
an analysis of the strengths and weaknesses of the sector concerned and of the contribution 
they expected space assets to make to the area under consideration, all viewed from a strictly 
European perspective.  

The working group examining "the role of humans in space exploration", chaired by Jean-
François Clervoy, carried out its deliberations from April 2004 to the summer of 2005. Its 
report, presented below, is the result of interaction between specialists in the sector, including 
astronauts and media representatives.  
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1. INTRODUCTION 

1.1 The role of humans in the wide sense 

The role of humans largely transcends their actual physical presence in space. Initially, 
somebody had to conceive of the idea of space exploration and then design and build the 
means to carry out such exploration. The primary role of humans, therefore, is to provide the 
inspiration and create the vision which produces the motivation in those who then go on to 
make it a reality. The role of the latter, every bit as important, is to bring their human 
intellectual capacities to bear in designing the technical systems required for space 
transportation and devising the scientific experiments associated with space exploration from 
its beginnings.  

As in the history of the exploration of the Earth's great expanses (the seas, the undersea world, 
air and land), the ultimate role played by humans is of course to go there in body and in mind, 
and apply their intelligence, emotions and, most importantly of all, their superior cognitive 
performance. This is the role now played by astronauts – explorers in the true sense of the 
word.  

Due to the extreme complexity of the systems needed for space exploration, designers, as 
much as astronauts, need heroes whose charisma galvanises the human energies of these 
enthusiasts of the cosmos. It is that role which is assumed by the chief designer of a major 
project or a mission commander, who bears the responsibility of the expedition.  

Lastly, there is the role that humans play as communicators, in the guise of journalists or other 
communication professionals. It is they who provide the link between those involved in the 
project and the taxpayers, who are entitled to be informed about the fascinating news on 
space. 

Before proposing what will or ought to be the future role of humans in space exploration, and, 
moving on from there to make some recommendations, this report will retrace the history of 
the crucial role played by those deeply inspirational figures and space pioneers, before 
describing the various roles played by today's actors in the space exploration business. 

1.2 What divides humans from machines 

It should be noted that the roles described above are entirely human-specific and cannot be 
fulfilled by machines, which will always be limited to reconnaissance roles prior to human 
intervention – such as interplanetary probes – or to accompanying humans and performing 
tasks which are repetitive and unpleasant or carry too high a risk. By sending out satellites to 
explore our Solar System, humans have already begun turning their dreams of exploring the 
universe into reality. Robots, on the other hand, may be many things but they are not 
visionaries, and nor are they inventors or explorers. Any achievements they accomplish are in 
fact the achievements of the men and women who designed and programmed them. Also, 
humans remain the best available reconfigurable cognitive machine in any environment that 
may be subject to significant variations relative to the model initially made of it. There is no 
shortage of examples of this in the history of astronautics, such as the first successful 
instances of in-orbit rendezvous, carried out in manual mode, the best selections of lunar rock 
samples made by Apollo crews and the repairs to the Hubble space telescope, the unforeseen 
problems with which could never have been dealt with by robots.  
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That is why, in the general context of space exploration, even if most missions are robotic, 
human exploration of the cosmos remains both inevitable and indispensable: inevitable 
because it is part of human destiny, and indispensable because the technological challenges it 
presents push engineers to the very limits of what can be achieved. After more than 40 years 
of human spaceflight, one could easily lose count of the number of spin-off benefits on Earth; 
spin-offs which had not even been dreamt of before, such as fuel cells, the microcomputer, 
high-performance materials, medical advances, management techniques for major projects, 
quality and reliability control in industry etc. 

2. HISTORICAL BACKGROUND 

Space must surely be the single human activity which has had the longest gestation period. 
Indeed, nearly two thousand years passed between the first references to space travel by 
Lucien de Samosate (circa 125-185) and man's arrival in space in 1961. Moreover, one is hard 
pressed to think of an area, other than space, which has caused so many different actors to 
become involved, from thinkers, visionaries and inspirational figures in the form of writers 
and film-makers, to engineers, scientists, philosophers, physicians, politicians, journalists, 
travellers (astronauts), but also adults and children alike. Space exploration is a truly multi-
disciplinary enterprise. Moreover, in the present day, no-one escapes being concerned by 
space, as much due to its contribution to daily life and the knowledge it brings of the Solar 
System and the universe as to the passions it is capable of arousing. 

2.1 Inspirational figures 

For 2000 years, many writers, whether of Greek, Persian, French, British, German, Italian or 
American origin, have enchanted their readers with tales of space travel, and accomplished 
remarkable feats of the imagination. While their chosen destination has typically been the 
Moon, they have increasingly come to focus their attention on Mars and even further afield. 
The modes of space transportation they describe have tended to be those of the period 
concerned: ships, horses, birds, balloons, canons, rockets and even others of a more esoteric 
nature. With the advent of the 19th century, technology starts to dominate. For example, the 
works of Henri de Graffigny (1863-1942) speak of photonic propulsion and the solar sail, 
while T.S. Stribling (1881-1965) describes nuclear propulsion, Franz Abdon Ulinski (1890-
1974) writes of electric propulsion and H.G. Wells (1866-1946) of anti-gravity. The public 
even comes to associate the names of some of these writers directly with space exploration: 
Cyrano de Bergerac (1619-1655), Fontenelle (1657-1757), Jules Verne (1828-1905), H.G. 
Wells and Arthur C. Clarke being the main ones that come to mind. 

2.2 Pioneers and precursors  

Between those having provided the inspiration and the engineers come the four great pioneers 
of astronautics: the Russian, Konstantin Eduardovich Tsiolkovsky (1857-1935), the American 
Robert H. Goddard (1882-1945), German-Romanian Herman Oberth (1894-1989) and 
Frenchman Robert Esnault-Pelterie (1881-1957). It was they who laid the theoretical 
foundations for astronautics and who provided an understanding of the functioning of the 
rocket, the only vehicle of all those imagined by the inspirational figures that has actually 
made space travel possible. Their proposals covered propulsion and guidance systems and 
designs for rockets. In addition, they described orbital stations and explained the various 
applications of satellites and space. Two of them, Goddard and Esnault-Pelterie, actually went 
on to build rockets.  



4 

2.2.1 Engineers: turning dreams into reality 

The turning point came in 1942, when the rocket went from being an idea in the minds of a 
few visionaries to become the subject of serious study by engineers. The space age was 
actually born under the impetus of two individuals, who were engineers, organisers and 
decision-makers rolled into one: Wernher von Braun (1912-1977), who first worked in 
Germany and then the United States, and Sergei Korolev (1906-1966) in the Soviet Union. It 
was they who, along with others, began the development of satellites and spacecraft. 

2.2.1 Space enters the public domain 

From that point on, interest and involvement in space literally exploded. Scientists and 
researchers began to see it as a way of deciphering and comprehending the great questions of 
the universe but also gaining insights into other questions regarding our home planet. These 
same researchers developed new technologies to meet the specific requirements of space 
exploration. Next on the scene were the first astronauts, Yuri Gagarin and Neil Armstrong, 
cosmic travellers whose task it was to show those on Earth that humans were capable of 
surviving up there. Then, in their wake, came a whole procession of physicians, journalists, 
philosophers, lawyers, writers and film-makers. An interest in, even a passion for space took 
hold of the general public. Yet this remarkable human adventure would have come to nothing 
had it not been for the politicians who take the decisions and provide the resources that make 
it possible, nor without those who communicate to the public the enormous excitement 
unleashed by such a great adventure (people such as Albert Ducrocq and Walter Cronkite), 
nor without the ordinary members of the public, who see this adventure, now into its fifth 
decade, not only as a natural continuation of the human adventure that began over two million 
years ago, but also as a source of fresh hope. 

Space has now made itself inseparable from the future of mankind by increasingly becoming 
integral to our daily lives through satellite television and radio, meteorological images, 
navigation and so on. 

3. THE CURRENT ROLE OF HUMANS IN SPACE ACTIVITIES  

3.1 Skilled operators on the ground and in space 

Starting in 1961, the 439 men and women who have flown into space (see appendix A) have 
been chosen due to their aptitude as test pilots, technicians or scientists and have, generally 
speaking, carried out their mission with consummate skill, thus proving their selection 
warranted. Their tasks have included testing new vehicles, deploying, recovering and 
repairing automatic satellites, assembling structures in space and conducting complex 
scientific or technological experiments. The sheer difficulty involved in achieving their 
objectives and their extremely high degree of specialisation has turned them into heroes in 
cases where their missions have represented some spectacular first (Apollo 11) or where they 
have resulted in disaster (Challenger, Columbia). Yet, at the same time, where such missions 
have become mere routine (as was the case after the first Apollo missions, and now with the 
International Space Station), their efforts have gone largely unnoticed.  

Although the complexity and danger involved in spaceflight is such that for a long time to 
come there will be a need for experts, whose focus, by necessity, is on the technical 
challenges, the general public will only be able to identify with these largely unsung heroes if 
the human dimension in space exploration is allowed fuller expression. After more than 40 
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years of spaceflight, the adventure of space, which for technical reasons is inevitably reserved 
to a "happy few", remains very much the preserve of specialists, and therefore attracts less 
interest than it did in the early days.  

As for the ground controllers, their behind-the-scenes efforts, whether directed towards 
human or automatic spaceflight, demonstrate the extent to which space exploration is a 
colossal team effort which the astronaut or robot is quite incapable of managing without a 
huge amount of logistical support. As in other specialised technical sectors, these individuals 
are often introverted, absorbed in their work and out of the public eye by lack of 
communication. Despite the essential nature of their work, they always tend to remain in the 
shadows. To its credit, NASA has occasionally invited specialist journalists inside Mission 
Control to witness the complexity of "Flight Ops" at first hand. 

3.2 Unsung heroes: team leaders and their teams 

Programme chiefs and mission managers are required to be backroom generals with a great 
many human qualities. They must battle on several fronts at once, having to achieve great 
technical exploits and manage their teams with care while at the same time ensuring they 
deliver on time and on budget. Even the very best robot-machines and computers available are 
of no help to them in coming up with the initial idea and architecture for their systems. 
Indeed, in that initial stage, some programme chiefs even insist on their management team 
using only paper and pencil. Once the concept has been defined, they then need computers to 
speed up and develop the project. 

When these leader figures are fortunate enough to see their programmes in orbit and crowned 
with success, their experience and methods can be of use – thanks to cross-fertilisation with 
similar programmes, or with other equally complex technical sectors. They can also be passed 
on to following generations, thus safeguarding, for reasons of economics and security, the 
know-how acquired by their teams.  

Since scientists and those responsible for the technical side of programmes are not generally 
skilled communicators by nature, those with charisma and a gift for communicating with the 
public or press should be made "ambassadors" for the space sector, as is already the case with 
astronauts. Such "communicators" could even be awarded special prizes. Communication in 
the space sector cannot be left to "communication specialists", otherwise there is a risk it will 
be perceived as propaganda and therefore be doomed to failure. 

3.3 Communicators 

Human spaceflight, just like space in general, commands less public attention than was once 
the case, to the extent that the media no longer consider it an important news topic: in certain 
sections of the written press, space stories are no longer front page material. Yet a closer 
examination of the situation reveals that the general public is not in any way hostile to human 
spaceflight, but on the contrary, views it with real fascination. In fact, one could even say that 
astronauts enjoy a very good public image and their presence at a conference is sufficient to 
ensure a large turnout. That said, however, the kind of people who go to hear them speak 
generally already have a strong interest in space activities. Most of the other members of the 
public who did not live through the glory years of the 60s and 70s, and are not well informed 
about the space activities that went on then, are more interested in other, more personal 
matters such as work, unemployment, pollution and so on. 
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By way of explaining this situation, one can point to three ingredients which seem sadly 
lacking: trained communicators (journalists and representatives of the space community), a 
higher degree of transparency on the part of space actors and funds for documentary makers, 
writers and other creative initiatives concerning space. At a time when communication and 
notably image are presented in a highly professional way in the media, space matters can only 
have any sort of impact on the public if presented with equal skill. Also, even though the 
technical side is important, the focus must also be on the stories of the men and women 
involved. After all, human spaceflight is above all a human adventure. 

But this new form of communication also requires closer relations between the worlds of 
space and politics; the latter needs help in understanding space if it is to take ownership of the 
question and go on to communicate a vision to the nation. Space, just like other activities 
(sport, economics, politics etc.), is in need of champions. 

3.4 Educators 

While communicators are there to inform, the teaching profession, for its part, must perform a 
vital educative role, helping people understand the universe in which they live. Space 
exploration represents a unique opportunity to explain the situation of our planet within the 
Solar System, asking questions such as: How does the Sun function? What are the origins of 
the Moon? Why does Venus have such a pronounced greenhouse effect? Is there or has there 
ever been life on Mars? Do asteroids pose a serious threat? These are all questions which 
today, our schools do not even attempt to answer.  

Paradoxically, for decades from the beginning of the last century (Poincaré), our elders had 
lessons in cosmography in their final year of school; these lessons, though taught by maths 
teachers, were independent of that subject. At the end of the 1950s, at the very moment when 
the space age was getting under way, cosmography classes were removed from the syllabus 
for good. And yet, it is essential that cosmography does not, like stamp-collecting or 
birdwatching for example, remain simply a hobby for the few because it is key to having an 
understanding of the sky and the world we live in.  

The result of stopping the teaching of such subjects has been to turn space activities into 
something more spectacular but less understandable: wonderful to some, and somehow 
reprehensible to others because of their high cost (and that is when they are not being blamed 
for spoiling the weather, of all things!) At a time when space technologies have become part 
of our daily lives (with humans having established a permanent presence in space, GPS, 
satellites beaming us television programmes, the discoveries of Hubble, advances in 
miniaturisation, etc.), the disappearance from the curriculum of cosmography means that we 
are no longer able to understand the most elementary geometry of the skies or tell the 
difference between the bright dot of the ISS, a rocket stage still in orbit and the planet Venus.  

In addition, there is nothing in our teaching of history on the conquest of space. Maybe in 
time this omission will be rectified. 

In an attempt to partially make up for these failings, space agencies produce very good quality 
multimedia educational materials for all ages, but these would need to be produced and 
distributed on a wider scale for them to be available to all citizens, even if it means 
reintroducing them into school classroom materials. 
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4. THE FUTURE ROLE OF HUMANS AS "SPACE EXPLORERS" 

4.1 Providing a permanent human presence in space. 

Space is now the only dimension in which humans are able to explore and occupy new 
territories open to expansion. Preparations to carry out missions to other planets, first robotic 
and then crewed, feed into this aspiration, which is very much a part of human nature. Such 
missions, by mobilising a substantial collective effort, constitute one of the main areas of 
development of space activities in the decades to come. 

4.1.1 Taking part in the great peaceful exploration effort of the 21st century 

Since 1998, the International Space Station (ISS), a project involving international 
cooperation between 16 countries has, despite some difficulties, made possible a permanent 
human presence in low orbit over a period envisaged to last at least 15 years. Europe has 
managed, with Russia in particular, to negotiate flight opportunities for its astronauts, 
enabling them to carry out a number of missions. The ISS is already a very large programme 
involving international cooperation on a quite unparalleled scale; it brings together teams 
from many countries in pursuit of a common goal, which is peaceful and, from a 
technological perspective, highly ambitious. The station serves as a technology test-bed for 
human spaceflight projects to other planets and its utilisation programme is now clearly 
oriented in that direction. But, looking beyond the ISS, it is essential that projects on this scale 
are developed and implemented by all of humanity and are not simply hegemonic initiatives.  

Exploration of the Solar System, which combines the quest for knowledge with the impulse to 
explore, is one of the great adventures of the 21st century. In the Lisbon Declaration of 2000, 
Europe expressed its political will to become the world's most advanced knowledge-based 
society. It is now in a new phase of its construction following enlargement to include ten new 
countries, and even though the political project is maturing slowly, in the future, the European 
Union will play an ever greater role in defining Europe's space policy. 

What other technological and scientific programme is better equipped to meet these objectives 
than space exploration, with its crewed missions component, so crucial to the promotion of a 
European identity, so visible to the general public and so efficient in inducing younger 
generations to take up scientific and technical careers?  

Given the lessons learned from the ISS, the partners in such a project, which is certain to be 
carried out through international cooperation, will insist that its design allows those involved 
to retain their independence and complement one another. 

4.1.2 Achieving scientific progress. 

By spending time in microgravity, it is possible to escape from the ever-present unchanging 
parameter of gravity, whose importance is not fully appreciated at the present time. Although 
we have some way to go before responding to hopes of industrial applications, a new area of 
investigation has opened up in a number of scientific fields as diverse as fluid mechanics, 
fundamental physics, cellular and vegetal biology and human and animal physiology. 

Physiological research was a vital prerequisite to understanding the disorders observed in 
astronauts in flight and upon return to Earth. Biomedical research has for the most part been 
conducted on board the Soviet Salyut and, subsequently, Mir space stations, as well as on US 
orbital laboratory Skylab and the Space Shuttle, in particular in the context of the Spacelab 
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missions. In each of these cases, the French scientific community has been well placed to 
participate in this research due to its cooperative arrangements. 

To carry out manned interplanetary missions in conditions of sufficient safety with regard to 
the health of crews requires an ability to control many factors other than just the physiological 
risk; other important factors are radiation risk (quantification and protection), psychological 
issues (improved prevention of risks related to confinement and isolation) and nutrition. 

Exploration of the planet Mars constitutes a major objective in the quest for knowledge. 
Though fairly similar to the Earth at the time of its formation, Mars has since evolved along 
very different lines, and may have harboured or witnessed the development of primitive life 
forms. This planet, which is of particular interest from a planetology perspective, still remains 
to be discovered, and when its exploration does take place, it could be carried out in a 
combination of robotic operations and actions conducted from a manned base. To provide just 
one example, a geologist on Mars would be able to improve our understanding of the planet, 
its formation, tectonics and so on, and could carry out observations, choosing the most 
interesting rock samples at key sites and interpreting the geological structures he/she 
encounters. 

4.1.3 Remaining at the cutting edge of technology 

Europe is already deeply involved in Solar System exploration as evidenced by the Giotto 
probe and its encounter with Halley's Comet fully 20 years ago, then Ulysses, which, having 
left the ecliptic plane, journeyed over the Sun's poles, and more recently the Mars Express 
probe in orbit around the Red Planet, the Rosetta probe, due to land on Comet Churyumov-
Gerasimenko in 10 years time, and the tiny Smart 1 satellite in orbit around the Moon 
following its long voyage under advanced electric motor propulsion, a technology which 
foreshadows the engines of the future, although these will be more powerful. On 14 January 
2005, the Huygens probe performed a successful landing on Saturn's moon, Titan, while 
another interplanetary probe, Venus Express, reached Venus in April 2006. 

The Automated Transfer Vehicle (ATV), which will perform automatic supply of the ISS, 
will be built and operated by the European Space Agency, and will be an important addition 
to the station thanks to its orbit boosting and cargo transport capacities. Through this 
programme, Europe will acquire expertise in rendezvous techniques, something which will be 
required for exploration missions. 

Space exploration forces engineers to push back the boundaries of their knowledge and as 
such will be an excellent technological motor for Europe, which, in 2001, decided to embark 
on its own exploration programme, "Aurora", under which it will develop technologies, first 
for robotic and then for human exploration of the Solar System. To go to Mars or other 
planets and manage to live there will require a knowledge of how to harness energy in 
innovative ways (notably for the purposes of propulsion and electricity generation); another 
requirement will be to learn how to manage scarce resources in an efficient way (air, water 
and waste recycling). Progress will have to be made in advanced robotics, in particular in the 
area of effective and ergonomic human-robot interaction. Another requirement will be the 
ability to control radiation risk, defining the maximum acceptable dose and improving 
protection from irradiation. Automatic missions to Mars will play an essential precursor role 
in that they will enable technologies to be validated. More generally, it is worth noting that 
the largest chunk of space exploration budgets is taken up by the salaries of the engineers and 
scientists who raise the level of knowledge across the widest range of technical, technological 
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and scientific domains, and, thereby, by means of a ratchet effect, also bring benefits to 
domains unrelated to space and contribute to the solution of problems encountered on the 
Earth (in medicine, security, materials, energy, communications and so on). 

4.1.4 Locating other resources 

In the longer term, however, to explore the Solar System on the one hand, and to respond to 
the Earth's needs on the other, humans will have to turn to other sources of energy and 
materials than those which are produced on Earth, that is to say, extraterrestrial resources. It 
could be of interest to exploit space resources and to discover and select materials which are 
exploitable on the Moon, on Mars and its satellites or on asteroids. 

According to certain hypotheses, using atmospheric CO2 on Mars, it might be possible to 
produce all or some of the propellant required to lift off from that planet and return to Earth. 

4.2 Taking part in original missions that help to forge a strong European identity. 

The human dimension is indispensable to the impact of space missions and all the surveys 
indicate that missions involving astronauts are the most popular area of space activity. 70% of 
the European citizens who responded to the consultation exercise on the European 
Commission website which preceded the publication of the White Paper on space in 2003 
declared themselves in favour of human spaceflight. Since the creation of the European 
Astronaut Corps, European astronauts have become veritable ambassadors for Europe and, to 
a certain extent, symbols of a European identity. This perception can only grow as missions 
last longer and become increasingly spectacular. Clearly, the challenge of sending a European 
to another planet would have a considerable impact, which would only be enhanced by the 
media hype that will undoubtedly be created by the Americans around a future human 
planetary exploration effort. This should be borne in mind when consideration is given to 
Europe's participation in future space exploration efforts. It must not be satisfied with the role 
of a minor partner in an adventure dominated both technically and in media terms by the 
United States, but instead must be able to define its own strategy in as independent a fashion 
as possible. It is essential for this strategy to be focussed on the original contributions Europe 
is able to make, while at the same time seeking to maximise the exploitation of the 
technologies and experience acquired through past investment in the likes of Ariane 5, 
Columbus and the ATV. Today, it would seem that the collective European process of 
reflection required to build such a strategy is on a quite inadequate level. The following 
recommendations should help to clarify these matters and facilitate its definition: 

(i)  This strategy should be based on a rigorous analysis of the extent to which robotic space 
missions (in which humans intervene remotely) and missions with an in situ human 
presence complement each other. Automatic missions to other planets must have a 
scientific and technological purpose, while also serving to prepare the ground for 
subsequent crewed missions.  
The scientific rationale for automatic missions lies in the study of the composition of the 
environment, the search for traces of prebiotic compounds and identification of the 
optimal site for subsequent human exploration. The technological rationale is grounded 
in the gradual development of technologies that make it possible to stay for increasingly 
long durations at the visited site: rendezvous and docking, descent and landing, 
planetary protection, collection and conditioning of samples on and below the surface, 
energy generation, utilisation of local resources and so on.  
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In parallel, and closely following these automatic missions, crewed missions will benefit 
from the lessons learned from the former and will be able to make progress in 
addressing their own challenges: safety, operations, maximum regeneration of onboard 
resources, protection from radiation, and autonomy with respect to vessel maintenance 
and decision-making. The choice of crew composition must be made in such a way as to 
maximise group effectiveness, while also lending considerable weight to the level of 
scientific expertise it contains. That way it will be possible to carry out a more 
sophisticated in situ exploration than with robots. 
It should be emphasised that the latter are essentially scouts, preparing the ground from 
a scientific and technical perspective, and helping to identify the best landing sites for 
future missions. Although they generally answer the simple questions for which they are 
programmed, they often come back with fresh questions, which can only be answered 
by more complex missions involving human in situ intervention. 
ESA's Aurora programme proposes a similar approach to the exploration of the Moon 
and of Mars, in a manner designed to complement appropriate utilisation of the 
International Space Station and development of a new crewed transportation system in 
cooperation with Russia.  The recent decision by the ESA Council meeting at ministerial 
level in Berlin at the beginning of December 2005 to fund the first Aurora mission, 
Exomars, represents a first step in the implementation of this strategy. Nevertheless, it is 
important to ensure that this does not remain an isolated decision. 

(ii) Another, not to be overlooked, aspect of future human space exploration is the need for 
systems redundancy in exploration missions. Not so much for financial reasons, but to 
ensure both the safety of the crew in the case of manned missions and the success of 
these missions, which can take place over a number of years.  
Indeed, long-distance missions, as opposed to low earth orbit space stations flights, will 
be unable to take advantage of the proximity of the Earth to organise a rescue if the 
main vessel is no longer able to return the crew safely; space stations in orbit close to 
Earth have always offered the crew an alternative escape route using the still attached 
transport vessel. 
For long-distance flights, it would make sense to design two vessels for each mission, 
each of different design and construction, which would share the crew between them 
and fly in patrol formation or attached together, and with each containing as a bare 
minimum all the vital functions. Each vessel would have a compatible interface so that 
either one could serve as a safe haven to the other. Since certain interplanetary probes 
have already demonstrated the advantages of cross-compatible communications systems 
for the relaying of information to Earth, and the early planned availability of two 
independent means of accessing the International Space Station has proved vital to its 
survival during the suspension of Space Shuttle flights, future crewed exploration 
vessels would also have to embrace this mutual service concept in the interests of crew 
safety and, potentially, to ensure the survival of their mission. Europe, in collaboration 
with other space powers such as Russia, can play a major role in the creation of such a 
vessel to operate in parallel with that developed by the United States. Looking beyond 
the question of safety, this redundancy could also apply to on-board instruments in order 
to maximise the scientific return from each mission. 

 

4.3 Providing Europe with its own human space exploration capability 

As with any ambitious space strategy, the question arises for Europe of how to transport its 
astronauts to low orbit, to transfer orbits, or for future interplanetary missions. If Europe were 
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to have its own human access to space capability, beyond the strategic and programmatic 
advantages of such a capability, the visibility of missions with European crews would be 
much higher and would contribute towards the forging of a strong European identity. Indeed, 
only the European framework seems capable of bringing together the necessary resources to 
carry out major projects with which every citizen would be able to identify as a European. A 
reasonable approach to achieving this would be to develop the capability in stages, beginning 
with broadening the missions carried out by Soyuz from its new launch site in French Guiana 
to include manned missions, and then, with the experience thus acquired, extending that into 
using European-designed launchers. This approach has a number of crucial advantages: 

 the first stage (launching Soyuz from the Guiana Space Centre) can be implemented 
rapidly, at low cost and with minimal technological risk. Furthermore, this capacity 
would make it possible to service the International Space Station for a significant period 
and crucially, after retirement of the Space Shuttle in 2010. 

 At the same time it would enable Europe to acquire comprehensive expertise in 
conducting human space flights and thus to be better prepared to reach a decision on the 
level of its involvement in future space exploration. 

Acquiring autonomy with respect to human space transportation is the next logical step to the 
development carried out in Europe to date. The essential building blocks are already in place: 
launch capability (Ariane V), rendezvous, (ATV), orbital module (Columbus), re-entry 
(ARD). In addition, it will strengthen the political resolve to increase investment in 
technological research, on the basis that it will generate spin-offs directly applicable to the 
competitive challenges of 21st century aviation (materials, engines, hypersonic flight, re-
entry). 

4.4 Encouraging private initiative 

In space, humankind has at its disposal a dimension which enables it to continue on its 
journey and satisfy its irrepressible urge to go out and explore. This need, expressed for 
centuries through literature and today through the media, seeks to push back the frontiers of 
human knowledge and experience. Space exploration flights for ordinary citizens (not to be 
confused with scientific exploration of the Solar System) fit into this context. They are also in 
tune with the European Commission's aim of bringing space activities closer to the citizen: 

 a far greater number of people could personally participate in and enjoy the benefits of 
human spaceflight; 

 space could take on the dimension of a shared adventure, which would be easier to 
understand and more human. 

Studies, such as those by Futron in 2002, and recent events with SpaceShipOne, show that 
Europe can no longer remain indifferent to this "new form of exploration". It must assist in or 
encourage its development in parallel with private initiatives that would use other funding 
methods (sponsorship, lottery, TV game shows and so on). 

Space tourism will only really develop if launch costs are brought down to a level that makes 
wholly private funding possible, if flights are sufficiently safe (medical support) and if 
training is effective and short; these are all of fundamental importance when it comes to long-
distance missions, and ought to induce institutions to support such private initiatives. In that 
regard, Europe must define a clear regulatory framework, designed in such a way as to 
encourage this type of initiative. These regulations should cover standards for design, 
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passenger safety, civil liability and operational safety. It is interesting to note that such 
regulations were introduced in the United States in 2005. 

5. POSSIBLE SCENARIOS FOR EUROPEAN INSTITUTIONAL HUMAN 
SPACEFLIGHT ACTIVITIES IN 2020 

A great many different scenarios can be imagined, dependent on various technical and 
cooperation hypotheses (see appendix B). The sector working group has identified, for the 
2010–2020 period (in the relatively short term therefore), two main possible scenarios, 
corresponding to two major but quite separate directions: 

Scenario A – Human exploration of the Solar System 
This first scenario supposes that America's Solar System exploration initiative goes ahead as 
scheduled and in the form announced at the beginning of 2004 by President Bush. In this case, 
exploitation of the International Space Station will have come to a halt before 2020. From 
2015 to 2025, the Americans will on average carry out one or two missions to the Moon per 
year using the Crew Exploration Vehicle (CEV) and its crew of four astronauts. 

In this scenario, Europe would continue to take part in exploitation of the International Space 
Station, in particular using manned Soyuz craft launched from the Guiana Space Centre, and 
would negotiate a cooperation agreement with the United States, which would allow Europe 
to be a partner in human exploration of the Moon. 

The group proposes, for example, that we take the approximate cost of a mission to the Moon 
to be two billion dollars, which would place the cost of putting an astronaut on the surface of 
the Moon at 500 million dollars. Supposing a "minimalist" approach were to be adopted, 
Europe would be able to take part in activities on the lunar surface once every five years and, 
in compensation for this participation by one of its astronauts, would make a contribution in 
kind to the US initiative of about 100 million dollars a year. This supposes that the US 
administration would be willing to accept such a principle of compensation and would not ask 
for the cost of developing the transportation infrastructure (launchers, CEV, landers) to be 
taken into account. 

A candidate for such a compensation system from Europe could be a system that would 
transport equipment into lunar orbit or to the lunar surface, based on the use of Ariane 5 and 
of a cargo vehicle drawing on the experience acquired through the Automated Transfer 
Vehicle (ATV) programme. This would fit into an industrial logic of creating vehicles derived 
from the ATV for ISS exploitation after Shuttle retirement and subsequently for exploration. 

Unfortunately, such a scenario would mean a drastic reduction in the number of flight 
opportunities offered to European astronauts, but would give them the prospect of taking part 
in missions to the lunar surface. 

A more ambitious approach would be if Europe, along with other partners, were to offer the 
Americans the alternative transport component to their system as referred to in 4.2.(ii) above, 
which would enable all the participants in this adventure, as in the current situation with the 
ISS, not to be at the mercy of a single transportation system. With such an approach, the 
prospects of European participation in lunar missions, and of the participation of European 
astronauts, would be more secure.  
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The various possible avenues for cooperation are: 

 participation of European experts in the (NASA) team tasked with conducting the 
programme; 

 providing the transport vehicle living quarters; 

 providing the payload transport system; 

 providing the safe haven facility; 

 providing an alternative crew transport system (at least for crew safeguard); 

 providing the lunar orbit navigation system; 

 providing the low orbit rendezvous service, possibly including a new universal docking 
system; 

 participating in the development of a heavy launcher, should one be built, for example by 
supplying the 2nd stage engine. 

In its choice of avenues for cooperation, Europe must secure itself at least one activity which 
fully meets its own exploration objectives. 

Scenario B – A new-generation crewed Earth-orbit infrastructure to replace the ISS 

The second scenario supposes a delay in or failure of the US Solar System exploration 
initiative or a decision by Europe not to take part, at least in the human exploration 
component. 

In such a case, the establishment of a new orbital infrastructure is envisaged, either carried out 
by Europe, or in partnership. The following potential partners have been identified: 

 the Russian Federation 

 the People's Republic of China 

 private partners. 

The crewed infrastructure could be in low Earth orbit, or even on a new type of orbit for a 
space station, geostationary for example. It would be a simpler infrastructure, quicker to put 
together than the ISS and more robust. It would be possible to have a visitable system similar 
to the "Man Tended Free Flyer", studied by Europe in the 1980s, or a station using Russian 
technology derived from Mir and Salyut elements, of the type used for the Russian segment of 
the ISS. If such a visitable station was placed in geostationary orbit, it would mean that, 
among other applications, one might envisage conducting repairs on commercial satellites in 
that orbit. 

If, however, it was in low orbit, it could be reached by the Europeans and Russians jointly, for 
example by European crews launched by Soyuz from the Guiana Space Centre, and possibly 
at a later date by ACTS (Advanced Crew Transportation System, ex-Clipper) type vehicles. 

The role of European industry would be to provide elements of this station, for example 
through joint development of ACTS. 

Such an infrastructure could be in place for when ISS operations come to an end. Scenario B 
would probably require substantial investment on the part of Europe, in the context of its 
participation in the establishment of the orbital infrastructure. With respect to exploitation, on 
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the other hand, regular missions to this station would probably be less expensive than 
participating in lunar exploration, and would offer European astronauts a large number of 
flight opportunities. 

If such a scenario were to be played out in parallel with human exploration of the Moon by 
the United States, it would run the risk of suffering from a lack of visibility and unfavourable 
comparisons with US efforts. Nonetheless, it is a scenario that could be in the interests of both 
Europe and the Russian Federation, which would find openings for their own systems that 
would not arise in the framework of a lunar initiative. 

The sector working group recommends pursuing scenario A, and only activating 
scenario B should it prove impossible to achieve significant and visible participation in 
the crewed element of America's lunar exploration initiative. 

CONCLUSIONS AND RECOMMENDATIONS 

Space missions are the result of coordinated efforts over many years involving a large number 
of actors, beginning with the person who provides the inspiration, then the project leader who 
steers the project's implementation and the operator who executes it. Only through ambitious 
large-scale space programmes carried out on the basis of teamwork will it be possible to 
replenish these generations of actors who, in the future, will secure a leading role for Europe 
in space while at the same time raising the level of knowledge of European research in 
parallel disciplines.  

In conclusion, therefore, the following recommendations are made: 

1- To define and obtain endorsement at the highest level for a strategy that will secure 
visible and substantial participation for Europe in space exploration. This strategy, 
which will contribute towards the emergence of a European identity, should form an 
integral part of the future "European space programme" in the European Union sense.  

2- In this strategy, it is essential to develop one or more scenarios for space exploration 
based on complementarity between robotic missions, in which humans intervene 
remotely, and crewed missions in which humans intervene directly, in situ. 

3- Over the course of the next fifteen years, to maintain a European astronaut corps 
through a sufficient range of human spaceflight activities, regardless of the scenario. 

4- To extend to human spaceflight the notion of autonomous capability with respect to 
European access to space. Initially, this capability could be acquired by adapting to 
human spaceflight the infrastructure currently being put in place for the Soyuz launcher 
in French Guiana. 

5- Of the two post-2015 scenarios described in section 5, to give priority to scenario A 
within which Europe contributes to the exploration of the lunar surface as part of the 
new US space exploration initiative, opting for an ambitious approach based on 
providing an alternative transport system. 

6- In parallel with recommendation 5 above, to preserve or broaden cooperation with the 
other space powers, in particular Russia, so as to retain the possibility of activating 
scenario B. 

7- To put in place a legislative, fiscal and regulatory framework that promotes private 
initiatives in the area of manned space transport, including suborbital space tourism. 
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APPENDICES  

Appendix A - Global human spaceflight statistics (as at 31 December 2005) 

Total:  

245 manned launches – 145 USA, 99 Russia, 2 China 

Astronauts: 439  (flying 842 times) and 389  rookies (yet to fly) 
USA 274 and 165 
Russia 99 and 150 
China 3 and 11 
Others 63 and 53 
 including ESA 31  and  8  
 including France  9  and  4  

On active status: 

USA 103  (2/3 MS and 1/3 Pilots) including 48 rookies 
Russia 37 including 21 rookies 
Others 27 including 9 rookies 

including  ESA 11 including 2 rookies 
 France  2 including 0 rookies 

 Canada 5 including 0 rookies 
 Japan 7 including 3 rookies 

Other statistics: 

• EVA: 165 individual spacewalks with 101 US, 52 Russia, 12 others (including 6 European) 
• MIR: 104 inhabitants visiting 137 times including 49 US and 67 RUS 
• ISS: 119 inhabitants visiting 143 times 
• 103 US on active status 

- 48 military personnel (principally Air Force, Navy + Army, Marines, Coast Guard) 
- 55 civilians (principally engineers and flight engineers + scientists in astronomy, geology, 

climatology, oceanography, life sciences, materials, chemistry, education etc…) 
• Female veterans: 
  USA 30 
  RUS 3 
  Others 5 including Europe 2, Canada 2, Japan 1 

ESA: 

31 astronauts in 46 flights: 
France 9  in 16  (8 STS flights + 8 Soyuz flights) 
Germany 10  in  12 
Italy 4 in 6 
Belgium 2  in 2 
Holland 2  in 2 
Switzerland 1  in 4 
Spain 1  in 2 
Austria 1  in 1 
GB 1  in 1 

11 active, by origin: 
5 scientists 
4 pilots 
2 engineers 

 5 planned future flights:  
  1 Shuttle flight in 2006 (long-duration) 
  2 STS utilisation flights 
  1 STS assembly flight (Columbus) 
  1 long ISS flight (Columbus) 
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Appendix B - International human spaceflight situation 2005-2020 

Current situation 

Since the end of the Apollo programme more than thirty years ago, space flights with a human 
presence on board have been limited to low Earth orbit. For twenty years, the human 
spaceflight programmes of the western powers and the Russian Federation have been built 
around the construction of an international space station (Freedom), and then the current 
International Space Station (ISS). This situation, which made for a certain stability, seems to 
have given way to a major transition. Crewed space activities have seen a spectacular change 
of direction in recent years. The relative failure of the American Space Shuttle programme, so 
spectacularly underlined by the Columbia accident, has finally been acknowledged and taken 
into account by the United States Government, which has decided to call a halt to its 
exploitation once ISS assembly has been completed. The efforts of the People's Republic of 
China over a period of several decades have finally borne fruit in the form of its first manned 
space flight. 

Robotic and human exploration of the Solar System has once again become a priority, as can 
be seen with the startup of Europe’s Aurora programme two years ago, and with the speech by 
the President of the United States on 14 January 2004 at NASA headquarters in Washington. 
The corollary of this change of direction is the decision by the US Government to call a halt 
to America’s participation in the ISS in 2016. 

The first private space flight, performed by SpaceShipOne™, as well as its winning of the "X 
Prize", have also opened up new possibilities, reviving dreams of access to space for all. 

Space in 2020 

Looking forward to 2020, therefore, one can imagine the situation looking very different. 

On the American side, the ISS will certainly have been safely taken out of orbit some years 
earlier. The permanent human presence in space, vaunted at the time of the first launch to the 
ISS, will therefore be at an end. The number of astronauts NASA sends into space each year 
(close to thirty before the Columbia accident) will have been considerably reduced. If all goes 
according to plan, a seventh crew will at last have set foot on the Moon, and human 
exploration of our satellite will have resumed, this time using the Crew Exploration Vehicle 
(CEV) and robotic means, with objectives such as the Moon's polar regions and hidden side. 
In 2020, one or two CEVs will set off for the Moon, allowing a handful of astronauts to walk 
on its surface. Ideally, planning for the first human missions to beyond the Moon will have 
begun. Further, it is likely that by 2010, the American military will be carrying out regular 
low Earth orbit reconnaissance flights with no international cooperation whatsoever.  

The People's Republic of China will have launched its own space station at the beginning of 
the 2010s. Regular missions with Shenzhou spacecraft will be flying to it, thus allowing 
permanent or intermittent exploitation of this infrastructure. The numbers of American and 
Chinese astronauts going into space in 2020 could therefore be of a similar order, albeit with 
the Chinese remaining in low Earth orbit. A Chinese orbital infrastructure could provoke a 
reaction from others in Asia, with Japan and India, for example, certainly able to provide 
themselves with a human spaceflight capacity within that timeframe. 
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The situation with the Russian Federation's human spaceflight programme is more difficult to 
predict. Soyuz, of course, was developed at the dawn of the Russian lunar programme in the 
sixties, but the ACTS (ex-Clipper) project is above all suited to reaching low Earth orbit. One 
can nonetheless imagine that Russia might choose to harness their activities to America’s 
programme, thus possibly enabling a cosmonaut to set foot on the surface of the Moon at long 
last. Alternatively, if they have sufficient funds, the Russians might create, under Russian or 
Russian-European management, a new-generation orbital infrastructure to succeed the ISS. 

Lastly, following the success of SpaceShipOne™, one can imagine that a small space tourism 
industry will have sprung up, thereby enabling a few dozen lucky individuals to have made a 
brief but unforgettable trip into space. Thus, it may well be that the vast majority of humans 
going into space in 2020 will be tourists. One can only speculate as to who the main players 
might be in that new market. Will it be Burt Rutan's Scaled Composites and his association 
with Virgin Galactic, or Jeff Bezos' Blue Origin, or perhaps a European champion will 
emerge. 

The question remains of what role European human spaceflight activities will play in such a 
context. 
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