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1.  SCOPE OF THE REPORT  

The goal of space transportation is to provide a service for all space users , for all their 
missions . This service consists of successfully delivering (in terms of positioning, orientation, 
ambiance, environment, etc) one or more payloads (manned or not), specific to each mission, 
to one or more predetermined destinations (ballistic trajectories, earth orbits, rendezvous 
missions with other bodies, landing on celestial bodies, etc), singly or in series, and to ensure 
the return of all or part of these payloads to earth if necessary. Space transportation consists 
above all of a capability based on the mastery of technologies comprising propulsion, 
structural design, electronics in its broad sense and the ability to integrate complex systems. 

The service provided by space transportation is essential to space activities such as: 

Ø research and exploration 

Ø practical applications 

Ø security and defence. 

Space transportation is thus at the source of all applications. It is unique in being both an 
indispensable means towards space applications and an element at their service. 

Vision and strategy often combine to stimulate development in the area of space 
transportation, and a desire for supremacy is frequently the driving force. Independent 
European access to space was the credo of the initial 50-year period and remains a 
fundamental issue in today’s competitive world. Moreover, as recent crises have proved, 
space will play an increasingly important role in the strategies and very survival of political 
and economic entities such as the European Union. It will also have a significant impact on 
economic development. Space, in its broadest sense, is inextricably linked with our everyday 
universe: it is impossible, for instance, to imagine the modern world deprived of 
telecommunications, earth observation satellites or meteorological satellites. 

Space transportation is thus an indispensable means of fulfilling the potential for strategic 
independence offered by space activities, so it is imperative, given the crisis currently 
affecting the sector in Europe, to anticipate medium and long-term evolutions in this area so 
as to, on the one hand, forecast possible developments, and on the other, formulate 
recommendations in order to guarantee an optimal place for Europe in the international arena. 
This is what this report aims to do, with the participation of different players from this sector. 

Looking back over 50 years of applications, it becomes plain that only conventional 
technologies such as chemical propulsion have been fully exploited, and even then progress 
has been limited to thermodynamic and chemical engines and, essentially, to disposable 
systems. The only hybrid system, the partially reusable space shuttle, does work but the 
results are inconclusive and operational costs and risks remain high. However, the existing 
range of launchers has satisfied the current and even quite long-term needs of science and 
other applications, including expeditions to the moon and preliminary exploration of the solar 
system. 

It seems to us necessary to approach the future, within a 50-year timeframe, with modesty, 
carefully identifying goals. In the medium-term, for instance, despite the fact that launchers 
have been a focus of discussion in the past few years, we still cannot say for sure whether 
reusable launchers will replace disposable ones, or at least emerge as a strong launching 
alternative. We would tend to predict a perfecting of disposable systems and a specialisation 
of means to the needs of the different transport functions (earth to earth orbit; one orbit to 
another; re-entry systems; systems to transport humans as opposed to material payloads, an 
ensemble that could be assimilated to a “space train”). Similarly, in the realm of prospective 
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technologies, a technological upheaval in space transportation seems unlikely. The length of 
cycles currently required for perfecting technologies or for developing and maintaining 
products is also a factor that must be taken into account in a 50-year timeframe. In terms of 
propulsion, for example, one can assume that chemical propulsion will remain a cornerstone 
in the evolution of space transportation systems for insertion into orbit for some time to come. 

2. THE MULTIPLE DIMENSIONS OF SPACE TRANSPORTATION 

The know-how needed to construct a space transportation programme is immense, which is 
not to say that Europe has to do it all. If it is to ensure access to space in all its dimensions, 
however, Europe must possess a skilled industrial and technological base, and in the case of 
systems development, its capability must be both comprehensive and independent. 

Space activity represents an ideal area for international cooperation, because of, among other 
reasons, the breadth of its technological field and the high costs involved. For strategic 
purposes, such collaboration must be handled with care in order to avoid dependencies!  

It is important to note that there is no established or nascent world power that does not seek 
independent access to space. 

2.1 Political and economic dimension for Europe 

Space transportation provides Europe with the possibility of an ambitious, determined space 
policy working towards European integration, economic development and security. It also 
increases Europe’s internal and external sphere of influence, and can help encourage 
development in other countries and cooperation through the offer of independent access to 
space. 

Space acts as a flag bearer for Europe within the international community, boosting 
commercial exchanges and international influence. The use of existing launchers, for 
example, is enhancing international cooperation in the scientific sphere (with launches of non-
European satellites). The preparation of future launchers may become a symbol of 
international cooperation, on condition that European interests remain secure. 

In its White paper on space (November 2003), the European Commission confirmed the 
importance of independent access to space as the cornerstone of European space policy. Space 
transportation thus broke free from national boundaries to acquire a truly European 
dimension. 

The Commission rightly insists on the development of associated services resulting from 
space activity, an initiative we approve. As a key element in space activities however, space 
transportation remains part of the very infrastructure which states will have to place at the 
disposal of all who wish to develop services in a value chain. As a result, the political and 
economic impact of space transportation is above all measured in terms of the technical, 
scientific and industrial potential deployed in order to ensure Europe’s independent access to 
space. 

The disparity between American and European levels of investment in space activities is very 
worrying and is constantly widening. The US outspends Europe by a factor of at least 5 in this 
sector although the latter has a GDP equal to, or even greater than that of the former (taking 
into account all countries of the Union). 

It is not easy to make a direct comparison of figures relating specifically to space 
transportation. In 2003, Eurospace estimated that the US devoted between 6 and 8 billion 
dollars to actions linked to space transportation (of which, admittedly, 3 billion went towards 
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the space shuttle) as against less than a billion euros in Europe. In this area then, the 
imbalance is even more striking than in the space sector as a whole. 
Figure 1: Space manufacturing sector – Europe and USA – year 2003 (Source: Eurospace, USA vs. Europe, 
space manufacturing industry 2003, consolidated figures; US figures are based on the publications of the 
Aerospace Industry Association, excluding ILS turnover associated with Proton launchings 

Nota: “Commercial launchers” in this case means launchers for commercial customers. 
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This disparity between the United States and Europe is even more marked in the American 
government’s formal, and regularly updated, space transportation policy. The latest policy 
statement, dating from early 2005, stipulates that the government has a responsibility to create 
the right environment for industry by providing stable and adequate budgets, by financing the 
fixed costs of American suppliers, by supporting the two American suppliers and paying 
associated costs, and by guaranteeing access to launch bases themselves funded by the 
government. This policy once again highlights the vital importance of launching government 
satellites with exclusively national launchers. 

In this way, the American government assumes responsibility for the space transportation 
industry’s technological know-how and dynamism! Since Europe is still nowhere near to 
elaborating a genuine space policy, we recommend that the French government, in partnership 
with like-minded countries, undertake to guarantee the future of European space industry 
through the European Space Agency. 

2.2 Industrial, technical and scientific dimension 

Transportation from the earth’s surface to orbit calls for a number of scientific and 
technological capabilities to be perfected and integrated within a complex system in which the 
extreme nature of the mission translates into a lower technical margin than in most other 
fields. Much of the technological know-how – light structures, aerodynamics, combustion, 
etc. – is related to aeronautics or defence systems, either intrinsically or via the expertise it 
requires. But the environments encountered and the technologies employed – such as liquid or 
electric propulsion and thermal protections – are specific to space transportation and have 
little in common with other sectors – even defence –, with the exception of certain techniques 
shared with ballistic missiles. Space transportation also requires dedicated experimental 
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infrastructures – often very sizeable engine test benches, hypersonic wind tunnels, etc. – that 
are costly, time-consuming to build and need regularly maintenance and updating. 

For orbital transfer missions or interplanetary missions, the capacity for longevity and 
multiple re- ignitions characterise the function of space transportation more than the dynamic 
of environment changes. The very high level of reliability required once again demands an 
extreme qualification level, all the more so since the question of reparability in space remains 
uncertain. 

Low margins, a feature of space activities because of overall weight constraints, also translate 
into stringent demands in terms of development and production procedures and product 
implementation, which presuppose the availability of highly qualified staff in a large number 
of fields, with an assured minimum of training. Lastly, due to their low rate of use, space 
vehicles remain “young” (development of maturity) for a long time. After some years of 
operation, considerable resources may have to be deployed to resolve complex technical 
problems that were not initially identified. 

One of the challenges of space transportation is thus to maintain this set of sophisticated 
scientific and technical resources despite limited series and a long production cycle (often 
several decades). One important feature in this regard is the close relationship between 
research teams working on the necessary fundamental physico-chemical phenomena 
(materia ls, combustion, aerodynamics, mechanics, etc.) and the space transportation industry. 
This relationship is necessary in order to deal with the inevitable unknowns, whether they 
result in failures or lesser flight anomalies. 

2.3 Security and defence dimension 

Since the beginning of the 1990s, space activities have emerged as a key element in American 
military strategy, opening up new capacities of observation and reconnaissance, early 
warning, high speed communication independent of terrestrial infrastructures, positioning and 
navigation, in particular for guided missiles. Initially slow to take this new dimension into 
account, European countries have put in a considerable effort in the past fifteen years, 
although their actions appear modest and uncoordinated when compared with American 
initiatives. The recent European Safety and Defence policy (ESDP), which takes space 
resources into consideration, paves the way for greater coherency on a technical and 
programming level and stronger political support on a collective European level. 

A more coherent approach to European space resources in the service of security and defence 
should lead to a definition of a common policy for access to space – governing launchers, 
launch technologies and industries, launch bases -, enabling Europe to maintain long-term 
independence in the deployment of space resources for security and defence purposes. 

2.4 Human dimension 

Space transportation depends on complex systems in which each component part must be of 
top quality. Even minor inadequacies have dramatic consequences. For Europe to master 
space transportation it must maintain a very high level of skills and demand total discipline 
from the different players. 

Thanks to these different dimensions, space also provides the perfect opportunity to train a 
highly motivated technical elite, who require a long period of training and study. The 
fundamental importance of this specific training must be emphasised since, without it, 
Europe’s ambitions would be in vain. The most gifted students of our “grandes écoles” and 
universities will only be stimulated to join the space sector if new projects are defined and 
implemented. It is the existence and continuity of such projects, and consequently of the 
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teams heading them, that will ensure the scientific and industrial knowledge base that is 
indispensable to the success of space activities. 

Space is by its very nature global. It should therefore give a strong impulse towards 
international cooperation and global relations. This in itself provides a compelling motivation 
for our youth to participate in an activity that creates relationships based on individuals’ skills 
and motivation, often in a competitive context. Consequently space activities, in a civil 
context, seem to us to constitute a force towards peace and comprehension in our world. 

3. OVERVIEW OF WORLD SPACE TRANSPORTATION  

1.  In Europe. After some French initiatives, followed by the first hesitant steps towards 
limited European cooperation (ELDO comprised six member states), Europe, driven by 
France, succeeded in equipping itself with the first elements of space transportation in the 
shape of the Ariane 1 to 4 family. 
Since then, Europe has had both the courage and the intelligence to promote greater access 
to space by commercialising its space transportation service and creating the company 
Arianespace.  
Europe now possesses the new heavy launcher Ariane 5. It has also committed itself to 
developing the Vega launcher which has a performance in the region of 1,000kg in 
heliosynchronous orbit. 
Cooperation with Russia opens up access for Europe to the Soyuz launcher which, with a 
capacity of 2 to 3 tonnes in geostationary transfer orbit, will have a dedicated launch pad 
in the Guiana Space Centre by 2007. 
Europe will thus have the capacity to place more or less the whole range of payloads into 
orbit, although it does not exert full control over the availability of Soyuz. 

2. In the US, two similar families exist, with features of the Ariane 4 design: Boeing’s Delta 
4 and Lockheed-Martin’s Atlas 5. 
Other launchers include the older but reliable Delta 2 (Boeing) and some smaller 
launchers such as Pegasus and Taurus. 
In terms of propulsion, new engines are being developed: the RS 68, for example, with 
350 tonnes of thrust, for Delta 4; the possible manufacture under licence of the Russian 
RD-180 engine for Atlas 5; and research around high-power ionic propulsion and 
associated sources of nuclear energy for space exploration. 
Following the Columbia accident, on the other hand, the only semi-reusable transport 
system – the Space shuttle – has been called into question and is due to stop operating in 
early 2010. These reservations are accompanied by uncertainties surrounding the 
development of new concepts of reusable space transportation systems. Despite a great 
deal of technical and political attention and investment in this field, several prototypes and 
even some private initiatives did not make it off the drawing board. 

3. In Eastern Europe, three ageing launchers are in regular operation today: Proton and 
Soyuz in Russia, and Zenith in the Ukraine. Russia and the Ukraine also operate these 
systems on a commercial basis in partnership with Lockheed-Martin through ILS 
(International Launch Services) for Proton and with Boeing and Sea Launch for Zenith. 
Soyuz is operated by the French firm Starsem and will also be launched from the Guiana 
Space Centre. 
The market price for space transportation is currently determined by Russian industry 
which dictates its prices to the different firms offering launch facilities. 
A multitude of small launchers of military origin are available on the open market, with 
the aim of running down stocks in the name of disarmament. We will not deal with them 
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from a long-term perspective although they can offer services and can also perturb the 
commercial market. 
A new family of Russian launchers (Angara), capable of replacing both Proton and Soyuz, 
is due to come out in 2009. 
For the moment, until the American space shuttle resumes operations, only Russia can 
provide access to the International Space Station with its Soyuz launcher. We should take 
the measure of the consequences of such reliance in the area of space transportation and 
the necessity for redundancies in material and industrial capability, and draw clear lessons 
about future partnerships. 

4. In China, a range of launchers currently exists based on storable or solid propellants and 
re-ignitable cryogenic engines. 
China is benefiting from increased credibility since the launch of a “taikonaut” on 15 
October 2003 and will definitely be present in the 21st century with the “Long March 5” 
family due out in 2007, which looks as promising as the Ariane 5, Atlas 5 and Delta 4 
family. 

5. Japan has been careful to pursue a policy of independent access to space by developing a 
range of medium to large launchers from an American Delta licence. After the difficulties 
of H2, the H2-A launcher is proving successful and improvements are planned to increase 
its performance and cut production costs. 
Japan has also supplemented these launching facilities with a series of solid propellant 
launchers designed to carry out scientific space missions coordinated by the former ISAS 
institute, today integrated into the new Japanese space organisation JAXA. Moreover, the 
GX launcher, put together by IHI and Lockheed-Martin, makes a significant addition to 
the available range in Japan, with the first liquid oxygen/methane engine to be put into 
operation outside Russia. 

6. India, having manufactured its first launcher, the GSLV, designed for geostationary orbit 
and featuring a cryogenic upper stage, is now pursuing its ambitions to be on a par with 
Europe in the shape of its GSLV-III launcher scheduled for 2007. India has also proved to 
be resourceful and proficient in the area of solid propulsion. 
Its first polar launcher, the PSLV (a small launcher built with the help of Europe) has now 
been adapted to include geostationary missions. India has thus achieved independent 
access to space, albeit on a modest scale. 

7. Brazil has sought, unsuccessfully for the moment, to develop the VSL launcher for 
medium-size payloads. It possesses a launching infrastructure in the shape of the 
Alcantara space port which it is seeking to exploit through international cooperation; 
agreements have already been signed with Russia and the Ukraine. 

8. Launch bases: The principle of independent access to space has led all countries 
possessing launchers to build their own launch bases (2 such bases in the US, three in 
Eastern Europe – of which one in Kazakhstan –, three in China, two in Japan, one in India 
and one in Brazil). Europe’s access to space is provided by the Kourou space centre in 
French Guiana, the exceptional geographical situation of which guarantees great 
versatility for all kinds of applications. Although far from continental Europe, we consider 
that this centre meets Europe’s need for free access, always bearing in mind that a 
possible need for rapid access to space for security and defence missions could require 
other launch platforms. 

9. Space debris : the rapid development of space transportation has raised the question of 
debris – elements remaining in orbit, usually abandoned with no possibility of later 
intervention – which has not as yet benefited from the same attention. This aspect carries 
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implications for systems design as well as operations – on the ground and in flight –, 
especially given the rapid increase of space activities around our planet. It is important to 
raise awareness on this subject. A good example is the Ariane 5 design (featuring a 
passivated upper stage to avoid explosion in orbit) which has been translated into an 
accepted and respected set of international regulations. These will also need to include 
rules on the carrying of small payloads by launchers. 

4. WITHIN A 50-YEAR TIMEFRAME 

4.1 Needs 

In the course of the 21st century, space transportation must satisfy two main types of mission: 

1. Useful space applications will develop and intensify, leading to more sophisticated 
missions calling for appropriate space transportation, sufficiently adaptable and wide-
ranging to be used for multi-mission platforms and more complex tasks and to perform 
successive or step-by-step orbital changes. An example of such missions is the 
transportation of “constellations”, with delivery of individual satellites to different orbits. 
In order to meet these demands, Europe will need to possess its own means of access to 
space, that must be as flexible and versatile as possible. 
In this context, certain actions seem to us to be of crucial importance.  
In the first place, we recommend that Ariane 5’s development, begun in 1987, be 
completed to include the re- ignitable upper stage already planned for the EPS for ATV 
launchings and the capability to launch manned missions thanks to its high intrinsic 
reliability. It will then be necessary to perfect the operational side of Ariane 5 and 
optimise this launcher so that it meets the various needs cited above. 
Once it possesses the capacities listed above, Ariane 5 could evolve still further to acquire 
the necessary versatility to cover all applications and scientific or explorative missions. 
Optimal economic conditions will be needed in order to achieve profitable production, the 
progressive reduction of state aid in accordance with the aid situation in other countries 
and the possibility of use for all applications, commercial or otherwise. Industry will have 
to make substantial efforts to attain a specific cost in the realm of €10,000 per kg launched 
into GTO (geostationary transfer orbit). A solid, stable institutional market will also be 
required. 
Europe, which has committed itself to the development of the Vega complementary 
launcher for small payloads, must equally put this launcher into operation and study its 
potential evolution in order to meet future demands in this payload range. 
If the Soyuz launcher finds a place in the range of European launchers when it is launched 
from the Guiana space centre, Europe should look beyond the political dimension to 
establish clear and sustainable industrial interests. Russia’s intentions as regards 
maintaining Soyuz in its inventory must therefore be sounded. 

2. Activities stemming from man’s multisecular desire to explore the universe.  
The past forty years have provided a strong impetus in this direction: 100 interplanetary 
probes of all kinds have passed by almost all the planets of the solar system and have 
“visited” the nearest of them, setting earth robots on Venus and Mars. Man has even set 
foot on the surface of the Moon. 
The 21st century will no doubt focus on the systematic exploration of our solar system, 
with or without human presence. This presupposes complete control over planetary 
expeditions, probably from a logistical base enhanced with diverse scientific or 
technological laboratories, on the moon or elsewhere (an astronomic observatory for 
example on the hidden side of our moon). Regular missions from earth to this base will be 
needed for maintenance or relay personnel. 
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The evolution of space transportation in Europe will consequently follow a logical plan 
informed by alterations in the emphasis of missions: orientated either towards the Earth, or 
towards the universe. This will lead to: 

Ø the possible specialisation of the function of transportation between the earth and the 
parking orbit around the earth, the assembling of vehicles in orbit, the propelling of 
vehicles into other orbits then down onto other planets; 

Ø the quest for cheaper transportation facilities through total or partial reuse; 

Ø the adaptation of launchers to the volumes and weights to be transported; 

Ø the search for simple and effective propellants via a commitment to cooperative or 
independent technology assessment programmes; 

Ø the consequent adaptation of the Guiana space centre. 

Europe needs projects, especially inspiring ones! A new generation of launchers has to be 
prepared well in advance. At present, the only attempt to prepare for the future is ESA’s FLPP 
(Future Launcher Preparatory Programme); although under-funded, it remains the only 
opportunity for Europe to modernise and maintain its industrial capacities in the realm of 
space transportation. 

European actions in the realm of space transportation must be coordinated in a modern, clear, 
responsible way, preferably under a single authority capable of managing programmes in the 
interest of our continent in association with a viable, motivated, competitive industry: 
management by committees must be ruled out! 

As launch means and their elements evolve under this authority, research will have to be 
extended towards both reusable launchers and sophisticated disposable ones. It seems 
advisable not to separate research for disposable systems from research for reusable ones but 
rather to search for the optimal solution along these lines using all available means! The 
future of space transportation in Europe is reliant on long-term, stable public funding which 
allows all engineering competencies to be maintained. 

We would like to see a strong, successful, dynamic European industrial sector, capable of 
cooperating with others but also of designing products with the aid of the best global 
technology so as to meet the needs of a future “institutional” Europe. 

In fact, the development of engines or other elements for launchers in Europe or the 
availability of such products through cooperation with other non-European countries is 
deemed to be perfectly compatible with continued European expertise and independence in 
the area of space transportation. 

4.2 Debate around space transportation missions 

4.2.1 Commercial transport 

1. General considerations 

The essential aim of terrestrial applications of space activities is the welfare of human beings 
living on earth; the immediate economic chain of values of these space activities is 
immediately obvious in such areas as the placing in orbit of telecommunications, observation 
and meteorological satellites. 

To determine the absolute, overall value of the system and of the constituent element of space 
transportation would require much analysis, but such a value chain undeniably exists. 
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Figure 2: Value chain for 2003 (source: Euroconsult, Finance Summit, Paris, Sept 2004):  

NB: the turnover mentioned below is expressed in billions of dollars and represents a total value of the chain of 
approximately $100 billion, shared out as follows: communications: $88.5 billion, earth observation: $1.5 
billion; navigation: $11 billion! 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The low value given to one of the basic elements in the chain, space transportation, can be 
explained by the distortion of the market by political phenomena. This illustrates how little 
the rules of the marketplace can be applied in this area. The only way, for the moment and for 
some time to come, of guaranteeing the continued existence and operation of space 
transportation is by maintaining the state as a sleeping partner, responsible for the upkeep of 
its infrastructure. 

2. Adapting to foreseeable needs  

In the realm of space transportation, Europe is currently capable of satisfying almost all needs 
for missions towards orbits that are scientifically, commercially or strategically useful. 
Attention must be drawn nevertheless to the limited re- ignition capacities of the constituent 
elements of European space transportation. At the time of the first satellite constellation 
programmes, Europe did not possess re- ignitable propulsion capacities and we are convinced 
that, if we are to meet future demands for orbital rendezvous, changes of orbit and new 
constellation configurations (Galileo is one such example), re- ignition capacities will become 
essential. All the more so since Ariane’s main competitors in the area of launchers, whether 
American, Russian or Ukrainian, are equipped with re- ignition capacities. The qualification of 
EPS for multiple re- ignition is a first step. 

However, the programme for a re-ignitable upper stage with cryotechnical engine, which we 
consider of vital importance in order to enhance our launching and intervention devices, is 
currently under question, essentially for financial reasons. We are convinced that Europe will 
need several re- ignitable stages for orbital services and interventions which will also use 
storable propellant technology such as that of the upper stage “Aestus” of Ariane 5 or the 
ATV (Automated Transfer Vehicle) propulsion system. 
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As far as interplanetary and/or long-term missions are concerned, a large stage with storable 
propellant in orbit (including liquid hydrogen/liquid oxygen) as injection stage would seem to 
be the preferred solution. 

4.2.2  Space tourism? 

Space tourism is a dream we would like to see coming about. Not only would it help develop 
a value chain but it would bring space closer to the consumer market. But current 
technologies are not suitable for this purpose and an evolution comparable to the one that 
transformed the Wright brothers’ aeroplanes into modern transport aircraft cannot be 
envisaged within the next fifty years. Why? Because drastic cuts would have to be made in 
launch costs in order to offset the high expenses of adapting space transport to satisfy 
requirements of reliability, comfort and flight frequency for the purposes of the mass tourism 
market. 

One has to remind oneself that the designers of the space shuttle had intended it to have flown 
on average once a week, but that in reality the US was barely capable of carrying out a flight 
every two months before the Columbia shuttle’s dramatic accident. 

Optimistically, assuming a high launching frequency for the shuttle, about 500 people could 
have been placed in orbit per year. If the Russian Soyuz had been used, assuming an 
exceptional operational capability and launch frequency, about 150 people could have seen 
the Earth from the heavens! 

If one was aiming for a radically different order of magnitude in terms of human 
transportation, costs would immediately soar, while revenue would remain uncertain. The 
value chain would not enable investments to be recouped in this domain either. 

We are convinced that a demand exists, but one cannot talk of space tourism as long as a 
single flight costs 10 million euros or more per person!  

As for zero gravity flights, can these really be considered as space tourism? We are inclined to 
think not since they remain the realm of a handful of enlightened amateurs who climb to great 
altitudes for a few minutes. They should not however be confused with space transportation. 

In conclusion, in our opinion, no reasonable amount of public investment can, for the moment 
and for the period considered in this report, open space transportation up to mass space 
tourism. 

However, a demand does exist to go into orbit “in order to contemplate the Earth and have a 
trip in space”. It is true that the price is currently extremely high and transportation capacities 
limited. There is therefore an almost non-existent offer as against a real, if somewhat vague 
demand. Despite these limits, this is enough to stimulate entrepreneurs and explains the 
different attempts at finding solutions, in particular in the United States. One might wonder if 
the lack of initiatives in Europe is due to wisdom or a lack of innovative, entrepreneurial 
spirit. Or is Europe lacking a proper regula tory, legal and fiscal framework capable of 
encouraging private initiatives? We would like to see this framework defined in the first place 
in order to facilitate wider cooperation between the private and public sector in this domain. 

4.2.3 Exploration of the solar system 

Are we capable of carrying out or participating in interplanetary missions, exploring the cores 
of comets or asteroids, and landing or taking off from planets of our own solar system? 

In terms of electricity production, as soon as the mission in question moves away from the 
Sun, the use of solar cells becomes problematic and alternative energy sources beyond the 
orbit of Mars must be found. The exploration of the outer planets or sending of satellites 
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outside our solar system will therefore require nuclear energy. Already at certain points of the 
Moon, solar energy will need to be replaced by nuclear sources, and the same is true of Mars. 
In the US, this subject is back on the agenda with the Prometheus programme and Europe, 
which currently has no independent capacity in this area, will also have to define a research 
and development programme for onboard nuclear energy sources. This work could usefully be 
carried out in cooperation with other space powers such as Russia and the US on the basis of 
existing prototypes.  

As far as propulsion is concerned, ion propulsion fed by a nuclear electric generator will be 
used for the interplanetary cruise phase with chemical propulsion being reserved for landing 
and take off to help overcome gravity. 

For exploring the universe the idea of a “space train” (chapter 1) is worth considering. The 
elements of this train could easily be assembled in orbit, with no human intervention, by the 
Ariane 5 launcher equipped with a re- ignitable manoeuvring stage. The technology for the 
space train is thus within our grasp and valuable experience will also be gleaned through the 
ATV. 

4.2.4 Security and defence applications 

Heightened security and defence activities in Europe will have the immediate consequence of 
noticeably increasing demand for launches. Bearing in mind the level of existing state orders, 
this could lead to a doubling of current government demand. 

Needs are essentially based around: 

Ø access to the geostationary orbit (telecommunications, early warning, and in time, 
permanent high resolution observation); 

Ø low orbits (heliosynchronous or not) and MEOs (Medium Earth Orbit) used by 
navigation satellite constellations such as GPS, Glonass and Galileo. 

In terms of orbits then, military requirements are essentially the same as civilian ones. 
However, security and defence applications need guaranteed access to space. This must be 
ensured by means of a varied range of launchers (light, medium and heavy) to meet most 
needs, under European control, launching from a highly operative base with security 
standards recognised by the defence community, as is currently the case for the Guiana space 
centre. 

If the need were expressed for an ultra rapid launch capacity, to reinforce or enhance space 
systems (constellations) in the event of conflict, it is likely that European industry would be 
capable of satisfying requirements, if only through the experience acquired with ballistic 
missiles. 

4.2.5  Transportation to the International Space Station 

The need for space transportation to the International Space Station, which at one time it was 
hoped would stimulate government demand, now seems to have faded and we even remain 
sceptical about the volume currently envisaged (one launch per year). It does not seem likely 
that space transportation will derive much benefit from the orbiting space station. The US 
decision to stop operating the space shuttle around 2010 inevitably signals the end of the ISS 
programme in the course of the second decade of this century. 

It is therefore unlikely that Soyuz will launch teams to the station from the Guiana launch 
base.  

On the other hand, the possibility of an intermediate orbital station, automatic or not, enabling 
departure to distant missions will be raised in the future. 
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4.2.6  Return from orbit 

To date, there are limited means for enabling all or part of a payload to return from orbit: 
either devices are attached to the payload itself, or a dedicated element of space transportation 
is deployed. This last point is covered only by the American space shuttle and, at a lesser 
scale, by the Russian Soyuz capsule. 

It would appear clear, though, that the “return from orbit” function will be extended in the 
future in the direction of numerous applications: exploration, security, etc. 

We think it indispensable to put in a sustained effort to develop return from orbit techniques 
and associated technologies such as orbit/atmosphere transition, lifted re-entry or thermal 
protections in order to bring humans and equipment safely back to earth. 

4.2.7 Reusable launchers 

Since the very beginnings of astronautics, the idea of reusable launchers has surfaced at 
regular intervals. At first sight, it does indeed appear wasteful to use launchers such as Ariane 
5, which cost roughly the equivalent of a small commercial aircraft, and throw them away 
after use, approximately 30 minutes after take-off (all that in order to place into GTO orbit 1% 
of the take-off weight!). According to the vast majority of professionals involved, reusable 
launchers are a possibility, although not in the near future. 

In reality, the comparison with commercial aviation does not hold good: one of the main 
difficulties linked to reusable launchers is that of power dissipation during return from orbit. 
The subsystems required are very complex and expensive and have an adverse effect on the 
reliability of the mission and even on the safety level in the case of an inhabited mission. 
Moreover, elements added to increase retrievability – landing gear, secondary reactors if 
necessary – are heavy and complex and lower the performance of reusable systems. This 
complexity and the associated costs are clearly demonstrated by experience gathered from the 
only partially reusable system currently in use, the space shuttle. The latter’s performance is 
only 1/5th of a disposable launcher to the same orbit. 

Reuse can however enhance reliability, since defects encountered on the equipment during 
use can be corrected progressively, and also because of the redundancy of the main systems. 
Most of the vital elements of the space shuttle, for instance, have flown more than twenty 
times, and several major anomalies that occurred during flight have had no effect on the 
proper functioning of the mission. Paradoxically, the space shuttle has the highest theoretical 
reliability of all current launching systems, although it has experienced two accidents. The 
first accident (Challenger, 1986) was due to the shuttle being used in temperatures well below 
the qualified domain, and the second (Columbia, 2003) was due to a recurring design 
anomaly. The quality of the human decision process thus becomes, in the case of complex 
systems, the most difficult problem to resolve. 

This compromise between heightened reliability and excess costs due to complexity and to the 
need to control the aging process of systems will be at the heart of the work carried out in the 
short term on the subject, in Europe and the rest of the world. We recommend that a 
significant effort be made to develop the technologies needed for reusability, both on a 
European level through the FLPP programme and on a national R&T level. 

This effort should go beyond the current scope of the FLPP programme to answer future 
needs for “space trains”.  
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4.2.8  Topical issue: Soyuz and the future of Ariane 5 

The group considered it important to tackle the topical question of Soyuz and the future of 
Ariane 5 in this report.  

Soyuz performs well and is highly cost-effective for certain launches including, potentially, 
low-orbit missions, but it cannot replace or stand in for Ariane 5 on other missions, in 
particular highly energetic missions or those with particular political and strategic importance. 
Soyuz will not enable Europe to play a major role in the evolution of world space 
transportation either, unlike Ariane 5 and its adaptations. 

Similarly, the technical continuity and political availability of Soyuz, particularly for defence 
missions, cannot at present be guaranteed and might never be. 

And yet Europe could well need a competitive medium-size launcher with guaranteed 
availability for commercial and defence uses. Soyuz could fulfil this role for a decade, as long 
as its technical and political availability is sustained over the years despite political ups and 
downs. It is also possible, for a reasonable development cost, to derive a medium-size 
launcher with optimal performance from Ariane 5 to cater for Europe’s needs. What is more, 
production of this launcher, made up mainly of parts from Ariane 5, would have a positive 
spin-off in terms of the production cost of Ariane 5 itself. 

It is important to respect recent decisions concerning the launch of Soyuz from the Guiana 
space centre but at the same time imperative to launch parallel studies into the precise 
configuration, cost and scheduling of a medium-size launcher derived from Ariane 5. 

Even if the Soyuz operation in Guiana were to be a success in the medium to long term, it is 
sensible to plan for its succession. This could be done in a framework of a cooperation 
combining Ariane 5’s assets with Russian experience. 

4.3  Reliability and availability: of real value 

Current launchers are expected to have an extremely high intrinsic reliability and availability. 
These considerations are more important than the price in commercial applications and indeed 
in many scientific applications too, due to the unique nature and/or cost of the payload to be 
included. Launching humans into space will make such requirements even more stringent and 
the possibility of storing material in orbit, before or after use by transfer flights, and of its 
multiple reuse will place still greater demands on reliability and availability. 

We think it is high time to devote our attention and efforts towards perfecting our 
current space transportation system, developing the necessary technological and human 
capacities (with spin-offs for other industries) so that Europe gains the highest level of 
mastery in this field. This will boost our products on the international market and put them 
back into first place. It will also contribute to the success of future programmes such as the 
parts (or whole) of the “space train”. 

4.4 International cooperation 

For many countries, a space transportation programme is a symbol of their capacity to master 
sophisticated technologies similar to ballistic missile technology. This explains efforts in this 
direction on the part of countries such as Iran, North Korea, South Korea, Brazil and many 
others. At the same time, the investment needed to acquire this technology and the heavy 
infrastructures required (launch bases, test units, etc.) lead these countries to seek 
international cooperation. The level of cooperation is decided by the extent of each country’s 
desire to keep control of the transfer of sensitive technologies. On a European level, the 
Ariane programme is a perfect illustration of the success of the cooperative approach in this 
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area. As long as restrictions on technology transfer are respected, space transportation 
provides an excellent opportunity for research teams and industrial actors from different 
countries to work towards a joint goal. The very real success of this cooperation is particularly 
visible and spectacular on the occasion of satellite or spaceship launches. 

The motivations of the players in this area are relatively well defined, so if such cooperation is 
to succeed, it must bring concrete benefit to all parties. In the case of Europe, benefits could 
include the sharing of research and development costs via a pooling of resources, greater 
control over production and operational costs, joint access to technologies, joint creation of 
new products and above all access to new, previously inaccessible markets. 

We recommend that such criteria be applied to any external proposal of cooperation with 
Europe, including Russia. Such proposals should help consolidate the main orientations of 
European space policy, provide backing for large-scale projects such as Ariane 5 and its 
future derivatives, enhance the Vega launcher, prepare future generations of disposable or 
reusable launchers and in all cases prevent dependence. Any programme of cooperation must 
respect this fundamental rule by which either a recognised and accepted balance of mutual 
dependence is arranged between partners, or the option of autonomy is maintained, thus 
ensuring a capacity to disengage rapidly from any dependence induced by this cooperation. 

Any strategy of active cooperation outside Europe must include Latin American and Asian 
countries such as Brazil and South Korea. A global vision of international cooperation on the 
major space exploration initiatives should not overlook these countries. Similarly, we must 
ensure that China is invited to become a partner in large-scale projects alongside Europe, 
Japan, Russia, the US and Canada. 

4.5 50-year vision 

Projects involving a possible return to the Moon or exploration of Mars, the solar system or 
the distant universe will require systems that are not only extremely reliable, but more 
efficient and probably very different to today’s space transportation system. They are likely to 
have more specialised functions, which is why Europe must, both independently and in 
cooperation, look into elements and systems capable of returning to Earth, of entering other 
atmospheres, of carrying out rendezvous and other manoeuvres in Earth orbits and other 
orbits, and of repair and storage in orbit: only like this would we be capable of creating or 
participating in the creation of “space trains”. It would be advisable then to elaborate a 
programme combining these elements within an overall context of scientific exploitation, 
international cooperation or coordination, and as far as possible development of our industrial 
capacities according to the strength of our economy. 

It is possible that propulsion will remain essentially chemical and will thus be based on 
technologies already acquired in Europe. In this case, an effort will have to be put in to 
increase the reliability of this technology, whilst at the same time keeping costs as low as 
possible. 

However, other technologies will have to be developed if we are to explore the universe. 
Europe will have to make progress in the field of nuclear energy for the needs of electric 
propulsion and, more generally, in the area of electric propulsion in all its forms. 
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Table 1: Table of possible missions for the next 50 years 

Note: This table lists possible space applications, motivations, orbits, means of transportation, European 
capability and problems to be resolved before a given application can be tackled. It endeavours to summarise 
the range of possibilities in just a few words.  

 

Application Reason Purpose Where to go Means of 
transportation 

European 
capability  

Problems to be 
resolved 

Economic 
and social  

Telecom, 
meteorology, 
observation, 
navigation,  
 
Space tourism 

GEO, MEO, 
Heliosynchronous 
orbit 
Polar orbit 
 
Low orbit  

Disposable 
launcher 

 

 

Disposable or 
reusable launcher  

Systems and 
technologies 
available  

Priority for  
re-ignition 
(EPS, Vinci), 

 
Rendez-vous 
technologies 
(ATV) 

Security and 
defence 

Telecom, 
reconnaissance, 
navigation 

GEO, MEO 
Heliosynchronous 
orbit 
Polar orbit 

Disposable 
launcher 

 

Systems and 
technologies 
available  

Budget and 
programmes to 
be created 

Scientific 
research 
(automatic) 

Progress of 
knowledge 

All orbits near to 
the Earth, space 
station  

Disposable 
launcher 

 

Systems and 
technologies 
available  

 

 

 

 

 

 

 

 

Oriented 
towards the 
Earth 

 

Human flight 
research 

Basic research 

Access to an 
inhabited base 
in the vicinity 
of the Earth 

Manned base near 
to the Earth or 
similar orbit, 
generally of 
limited duration 

Disposable 
launcher, Re-entry 
elements  

None  Use of third 
party facilities, 
cooperation, 
enable AR5  

Oriented 
towards the 
universe 

Automatic 
research  

Origin of the 
universe, of our 
galaxy and 
planets, 
research on life 
elsewhere 

Setting up of 
observatories 

Mission towards 
the sun, the 
planets, the 
Moon, the moons 
of other planets, 
L2 sun-earth 
liberation point, 
distant missions  

Disposable 
launcher, re-entry 
vehicle, space train 
elements (cargo, 
encounter/docking, 
return-departure) 

Capacity to 
be created: 

Electric 
propulsion, 
nuclear 
energy,  

Reusability. 

System 
capability to 
create 

Define the 
transport 
elements of a 
”space train”, 

Storage in orbit, 
maintenance, 
working life. To 
be resolved 
through 
cooperation 

Oriented 
towards the 
solar system  

Human flight 
research 

Study of 
planets and 
celestial bodies 
of the solar 
system 

Moon, Mars Disposable 
launcher, re-entry 
vehicle, space train 
elements (cargo, 
human transport, 
encounter/docking, 
return-departure) 

None for 
manned 
flights 

All 
infrastructures 
to be created.  

To be resolved 
through 
cooperation 
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5. RECOMMENDATIONS 

The recommendations of the space transportation group are based on the notion of building on 
what already exists, ensuring that this basis evolves and, finally, extending our means and 
capabilities in Europe. 

5.1 Short- and medium-term goals 

Ø Fully master the exploitation of the Ariane 5 system, adding reignitable upper 
stages. 

Ø Improve levels of reliability and security on the Ariane 5 launcher and raise it to 
the highest world standards, rendering it capable of launching inhabited vehicles. 

Ø Begin operation of Vega and examine its subsequent evolution according to demand. 

Ø Optimise European launcher production in order to have the lowest possible 
production costs within efficient industrial structures. 

Ø Start or confirm new development programmes to maintain our industrial and 
technological capability, in particular the development of the Vinci reignitable 
engine for the Ariane upper cryotechnical stage. Preparations for a new generation 
of launchers in Europe must also benefit from a high enough R&D budget to ensure 
the different technical goals. We consider that the disparity between European and US 
state funding carries with it a risk of increased European dependence, since such 
funding translates into industrial activity and progress. 

Ø Bearing in mind recent decisions concerning the launching of Soyuz from the Guiana 
space centre, it would be advisable to embark on studies aimed at defining the 
configuration, cost and timeframe for a medium-size launcher derived from 
Ariane 5 and Vega. In this way, in the event of difficulties with Soyuz, the 
corresponding project could be rapidly set in motion. Such a launcher could hold 
particular interest for defence satellites. 

5.2 Medium- and long-term goals 

Ø Europe must be present in all vital sectors of space transportation such as propulsion, 
structural development and systems. We recommend that the concept of the space 
train be studied in order to lead to a development project enabling Europe to 
make progress in both systems technology and international cooperation. This 
could be carried out within the framework of the extended FLPP programme. 

Ø Exploration of the universe by means of long-term missions will require on-board 
nuclear energy sources. We recommend that a significant, sustained effort be put 
into the development of these nuclear sources to feed electric propulsion for 
interplanetary missions. 

Ø Europe must be a driving force for international cooperation on space transportation 
systems, above and beyond its own capacities, in the interest of scient ific, political and 
technological cooperation. It must take the relevant initiatives (as is currently the 
case with Russia) to become a motive force for independent large-scale 
cooperation programmes capable of uniting countries, and take a leading role on 
federating themes such as large engines, work towards a cooperative launcher, 
launcher standardisation, common elements… 

Ø Europe must be more dynamic in negotiating international agreements on space 
transportation, so that it can cooperate with whomever it wants and whenever it 
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wants. To this effect, it is crucial that the European commission receive an 
explicit mandate from member states, an initiative that would be consistent with the 
former’s increased capacity for space policy initiatives as stipulated in the proposed 
Constitutional treaty. 

Ø Europe must ensure the vitality of its space port and its optimal integration into 
French Guiana, paying particular attention to this region’s economic 
development. 

Ø Europe must continue to work towards improved cooperation between the 
different space ports on a global level and to offer access to its own space port to 
interested countries. 

Ø Europe is actively participating in the definition of international regulations on 
the matter of space debris. Strict rules governing the non-proliferation of orbital 
debris and the protection of sensitive zones are currently being drawn up by consensus 
of the United National Space Committee, for instance. Europe must accordingly 
anticipate the impact of these future regulations in the design of new space 
transportation systems  – re-ignitable upper stages, transfer towards less dense zones, 
passivation – and in terms of operations (launch windows). 
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