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Some Reflexions About Orbital and Suborbital Touris m
P. EYMAR — N4E

It is of interest to try to understand how space and suborbital tourism have already interfered
with current aeronautic and space activities and what can be expected in the future.

So far orbital tourism has drawn some attention in the "standard” public, with focus on the
individuals such as Denis Tito or Anousheh Ansari, not on the vehicles or the designers and
without bringing visible impact on space technology. On the contrary suborbital tourism has
grasped the interest of many more people, looking at the entrepreneurial aspects, very
interested by the challenges and risks of all sorts largely relayed by the media. In the
SpaceShipOne case the names retained by the public are the ones of Burt Rutan and over all
Richard Branson, when the pilot’'s name is being ignored!

Introduction of suborbital tourism is likely to have a strong impact upon aerospace activities in
many fields such as technical, financial, legal, industrial and institutional. It is the purpose of this
paper to briefly address all these areas in order to stir the reflections in the foreseen workshop.

Space and suborbital tourism will be looked at in the future from different points of view. Along
this line the following areas will be covered and discussed:
Possible schedules of implementation of space and suborbital tourism with identification
of driving events which may shape this future
Consequences which may be expected on space and aeronautic techniques (including
economic ones)
Identification, then attitude and motivation (specialization if relevant) of the various
actors: tourists, industrials, investors, nations, organizations, government decision
makers, governmental institutions and, last but not least tax payers

Predicting the future is, with reason, considered as a risky business, and in many cases leading
to totally wrong assessment. Rather than trying to describe this future, the aim of the present
paper is uniquely to put things in perspective and to stir discussions.
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What the Growth of a Space Tourism Industry
Could Contribute to Employment, Economic Growth
Environmental Protection, Education, Culture,
and World Peace
P. COLLINS — Azabu University
A. AUTINO — Andromeda s.r.l. and Tecnologia di Frontiera

The paper discusses the important possibility that developing space tourism services will greatly
reduce the cost of space travel, eventually to about 1% of existing launch vehicles' costs. This
would greatly aid the growth of many commercial space activities, thereby creating many new
business opportunities both on Earth and in space. These may start as supply of various
services to orbiting hotels. They could grow to include power supply to Earth, resource
extraction from the Moon and near-Earth asteroids and cometoids, and a growing range of
manufacturing in space. Despite the minimal amount of funding that has been available for
research on these subjects to date, estimates of both potential demand and potential supply
suggest that orbital passenger space travel is capable of growing to several million
passengers/year within a few decades. This would represent a direct turnover of some 100
billion Euros/ year, with investment in new facilities and research adding perhaps the same
amount again. Indeed, having reached such a scale, there would be no foreseeable limit to
further growth. The paper discusses the potential benefits of such a scenario under different
headings.

Employment

In the passenger air travel industry, airlines, airports and related businesses employ more than
10 times the number employed in aircraft manufacturing. There is also much indirect
employment in hotels and other tourism-related work. Likewise, growth of passenger space
travel will create employment many times that of expendable launch vehicles. It is also likely to
stimulate investment in a range of related businesses. At a time when the space industry in
Europe, USA and Japan is shrinking, this is highly desirable. More broadly, at a time when
unemployment is a major economic problem throughout the world, government policy makers
have been slow to support innovation in this field.

Economic growth

Human Civilization can progress only if it continues to evolve, otherwise it risks decline and
return to barbarianism. Further evolution of civilization also requires ethical evolution, but this is
possible only if resources are sufficient to assure comfort, health and education for all members
of society. If the economic “pie” is shrinking, ethical growth is impossible; but if the pie is
growing, all competing groups can achieve greater fairness, and ethics can survive. In other
words, the continuation of civilization requires a growing economy, with access to endless
resources. The development of China and India is fascinating, but also frightening because the
demands of 6 billion people are now approaching the limits of the resources of this planet. By
contrast, even 100 billion humans could live well if we use the energetic and material resources
of the solar system which are effectively unlimited. Space Tourism appears to be the only
enterprise that can trigger a true Space Economy, opening the door to a practically boundless
development horizon.
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Environmental protection

Economic growth requires continual formation of new industries. In addition, many traditional
industries damage the Earth's environment, leading to growing constraints on growth. The
possibility of growth of a major new industry outside the Earth's ecosystem offers to make a
major contribution to solving this problem. In addition to the overall benefit of moving industry
outside the Earth's ecological system, there is potential to deliver continuous solar-generated
power from space to Earth. Although still never adequately investigated, such a system could
make a definitive contribution to preventing global warming - but only if launch costs are greatly
reduced, as they could be by large-scale passenger travel services.

Security

As an alternative to the "resource wars" already hurting many countries today, opening access
to the unlimited resources of near-Earth space could make a definitive contribution to world
peace and security. In addition, by settling on other celestial bodies, or in artificial space
structures, humankind will reduce the danger of extinction due to planetary or cosmic accidents.
These possibilities all depend on the low space travel costs that could be produced by a space
tourism industry.

Education

The educational value of space activities is well known: children find the subject uniquely
interesting. However, watching videos of other people traveling to space is of far less interest
than being able to travel to space oneself. The start of low-cost passenger space travel
services has unique promise in this field.

Culture

In recent years, western civilisation is showing signs of cultural "fatigue”, due to multiple causes
including unemployment and lack of challenges for youth, aggravated by the "dumbing down" of
the general population by the mass media and entertainment industry. The opening up of near-
Earth space will create unprecedented opportunities to solve these inter-related problems, and
the beneficial results could grow in importance to become a true "World Renaissance".
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Reflections on Conditions for Commercial
Air-Launched Suborbital Flight in Europe
J. STARKE — ASTRIUM ST
J.P. BELMONT — DASSAULT AVIATION
J. LONGO -DLR
Ph. NOVELLI — ONERA
W. KORDULLA — ESA/ESTEC

More or less immediately after the X-Prize winning suborbital flights of Burt Rutan’'s White
Knight 1 and Space Ship 1 in autumn 2004, the authors were curious what it would take to have
a suborbital flight capability in Europe. Hence, a study proposal with the title "Future high-
altitude Flight - an attractive commercial niche?" (FLACON) was submitted to the EC
Framework Programme 6. The small study was awarded, and it finally started in September
2006. Due to the demonstrated success of the principle, the air-launched space vehicle was
chosen to be in the focus of the considerations. It is of interest at least for the expected
suborbital flight market based on suborbital space tourism as major commercial purpose. The
technology related to air launch is not unknown, but has hardly been realized in Europe, and the
assessment of a potential demonstration of this mission is the major target of this study. The
study ended by the end of October 2007.

The characteristics of the mission are driven by the requirements and demands of the potential
users. Included in the study was not only space tourism but also other potential areas of
application. In addition, the potential for a more general fast transportation system has been
kept in mind. The study is organized in 4 major steps:

- Market and requirements evaluation for suborbital flight

- Potential mission and legal constraints, including environmental issues
- Air launch candidates

- Programmatic issues and synthesis

The consortium of Astrium EADS, Dassault Aviation, ONERA and DLR from Germany and
France, under the coordination of ESA/JESTEC from the Netherlands has combined their
experiences with the support of the University of Cologne, Germany, for legal matters of air and
space laws and of AIRBUS for the carrier aircraft. The final results are based on rough concept
studies in Europe. The critical evaluation of the variety of the proposed trajectories triggers
further questions, e.g. with regard to acceptable re-entry loads and conditions for manned
transportation and issues with respect to the integration into air traffic. An important aspect is
the influence of environment, in particular, radiation, not so much on passengers but on the
operating often-flying crews. It is also attempted to estimate the cost of a first experimental flight
in Europe, potentially a subscale demonstration of mastering the separation phenomena.
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Some Motivations for Private Access to Space
M.C. BERNASCONI — MCB Consultants

The current movement towards business forms that aim at enabling a truly private accessibility
of the space environment represents a welcome change that deserves encouragement and
support. It may lead to a return to normality and to renewed progress for Astronautics, whose
development largely stopped during the last score of years. This paper addresses the
motivation for private access, in particular by offering a perspective of analyses and plans for
space development.

We begin with a brief look at astronautical history, through the works of selected, pre-eminent
researchers respectively from the Forties, the Fifties, and from the Sixties of the last century.
This review allows us to recognize the Faustian bargain astronautical developers entered into,
as well as to begin to identify realistic alternative courses. From the compiled data, one can
then prepare a first summary of potential scenarios and of the associate technological needs,
for an eventual comparison with currently available means.

The most successful astronautical creator to date, Wernher von Braun, entered the original
Faustian contract in 1932 by offering the services of his group of VfR researchers to the
German Army. The technical success of this first enterprise led him to repeat the process again
and again — it also established the presumption of this method as the best (or the sole) one to
achieve progress on the way to space. Thus, resulted the early triumph of Apollo — but also the
subsequent decline of the

astronautical endeavour.

We observe a first alternative model in the future history, outlined in the early 1940s by Robert
A Heinlein. In this fictional time line, Heinlein set the first flight to the Moon in 1978, as the
outcome of a sustained development of aerospace transportation means and of the
concentrated action of a single man to make his own personal dream into reality. Out of the
broad technological basis and of the entrepreneurial drive grows a fast (although imperfect)
human and economic expansion on three new planets, until interplanetary travel ceases in 2016
because of political action.

Strong anchored in the technology perspectives of the Fifties, Dandridge M Cole provides us
with a different space development vision, equipped with quantitative analyses and with the
discussion of additional legal and political aspects.

We list Krafft A Ehricke as offering us a 1960s vision — well knowing that his astronautical
discourse opened during the Fifties and continued until his death in 1984. But we'll focus here
indeed on papers addressing themes like “Utilization of Space Environment for Therapeutical
Purposes,” “Solar Transportation” (Ehricke, 1966a, b), “Space Tourism” (Ehricke, 1967), “A
Strategic Approach to the Development of Geolunar Space (Ehricke, 1969a), and in particular
on two papers read at the New York Academy Sciences: “Exploration of the Solar System and
of Interstellar Space” (Ehricke, 1969b) and “In-Depth Exploration of the Solar System and Its
Utilization for the Benefit of Earth” (Ehricke, 1970).

Not altogether surprisingly, the discussions by Cole and by Ehricke come to adopt to various
degrees the dominant idea of space as a strategic area that can best come to exploitation under
the control of a more or less socialistic state system.

Fundamentally, the motivation for a private access to extraterrestrial space springs from the
basic impulse for bettering one's living and survival conditions. The due respect of the
fundamental rights inherent in every individual human being form the foundation of any ethical
discourse. As the recent experience of the 20th century abundantly showed, collectivist
governmental schemes failed utterly to create such foundations, and tried instead to install their
own arbitrary (i.e. rejecting both physical law and human nature) regulations -- deformed
monstrosities masquerading as morality made into law. In reality, any and all moral behaviour
begins in private human actions.
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Even against the future backdrop of the third millennium, actual wealth creation through the
action of human individuals remains indispensable. The generic needs at the present juncture
(in terms of metabolic resources, energy, materials, space) confer excessive emphasis to the
limitation side of the definition of economics as the method for handling with limited resources.
Only by attaining ample access to space for private actions can we ensure expansion of said
limits, with actual wealth creation by commercial activities: the overdue increase of the respect
of moral rights becoming both the necessary condition and the best consequence of the
implementation of Astronautics.
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Khrunichev Space Center Proposals on
Development of Space Tourism Infrastructure
A.l. KUZIN, S.N. LOZIN, A.A. NIKOLAEV - Khrunichev Space Center

The market of tourist space flights is at the stage of its formation and can be concerned as a
perspective one. It consists of two main segments - orbital flights and sub-orbital flights. These
segments of the market have many common and many distinction features.

In the report the analysis of the market and prospects of its evolution is resulted. The problem
questions requiring their decision in the interests of development of space tourism infrastructure
are examined:

- licensing of activity in the field of space tourism;

- requirements on safety parameters of space flights;

- specifications of reliability parameters of vehicles and objects of space tourist infrastructure;

- questions of insurance of space flights;

- requirements on physiological parameters of space tourists.

Khrunichev Space Center (KSC) is the leading Russian and world enterprise in the field of
manned astronautics and has significant experience of development, manufacturing and
operation of manned spacecraft and manned stations such as "Salyut”, "Mir" and ISS.

Now Khrunichev Space Center together with Space Corporation "Energia" and other Russian
and foreign organizations provide ISS program with additional segments and ISS functioning in
the working orbit. KSC and other enterprises of Roskosmos take part in perspective Russian
manned programs as well.

Proposals of Khrunichev Space Center on development of space tourism infrastructure,
submitted in the report, are as follows:

- technical proposals on development of space means for orbital and sub-orbital flights;

- organizational proposals on evolution of space tourism (customers, investors, federal
structures, supervising and licensing activity in the field of space tourism, developers and
manufacturers of space means of space tourism infrastructure, maintaining organizations,
marketing companies, space tourists training centers, mission control center etc.).
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Best Practices for a Sustained Manned
Access to Space
P. BULTEL — ACE

Long time announced private manned access to space has become reality for nearly four years.
SCALED COMPOSITES SPACESHIPONE | flights have open the door, as Burt RUTAN
wished. Development of a full scale vehicle is now under way, commercial service is to start by
2010.
This “grand opening” will have a tremendous impact on both air and space activities. Obviously
in the
technological field that is the first aspect coming to mind, but even more for operational aspects.
If technical innovation is clearly the most visible driver for conception it is clearly not the main
goal that is business bound. Such an orientation involves the disposal of operational qualities
and abilities largely different from all existing launch vehicles :

o commercial & manned nature of the activity will require a reliability level largely higher

than everything previously developped.
o private origin of the effort will require low cost of use.
o Few or total lack of state support (private effort) will require a significant level of
availability to make possible a continuous, profitable and growing activity.

Once in service suborbital vehicles (and later orbital ones) will clearly show that the real
breakthrough will be more in the “using” of the vehicle than in any other field. As this orientation
is in practice pretty new in space transportation it will induce a considerable amount of work to
create an adapted frame. The first step will be the clarification of legal/regulatory aspects which
are the base of all technical
practices, fundamentals of an operationnal service. This point is not the purpose of this paper
proposition, but discussed items will often refer to it directly or undirectly.
Operationnal activities cover both ground and air phases. At first ground where adapted
maintenance is necessary to keep vehicles in a sufficient airworthiness readiness. Defining best
practices will be a key concern, with two main options. The first being to not rely on aeronautical
experience and developing a specific policy including : technical aspects, organization,
management, quality, personnels qualification and others. The second being obviously to rely
on the aeronautical field experience, and in fact to complement existing rules to fill the gap
towards space transportation. This last choice will entail a consequent effort to comply with
existing regulations, but will provide with highly proven standards generating confidence.
Pre-mission operational phase will probably not (or few) benefit from the aeronautical
experience. The reason is the considerable difference of architecture of aeronautical and space
engines. If there are two main types of aeronautical engines (not counting small piston engines)
(turboprop and turbojets) they are based on the same principle and share comparable
architectures. The situation is very different for rocket propulsion where no technical solution
has yet imposed itself. Almost all options, or at least the most performant ones, are cryogenic or
semi-cryogenic. Such combinations involve mainly low temperatures fuels as
methane/propane and hydrogen. Management of these fluids clearly entails more risks for
personnels and passengers than common jet engines kerosene. Not counting the risks coming
with the associated liquid oxygen.
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This fluid is still necessary with the RP-1 fuel, which involves risks not common in the
aeronautical field due to its total incompatibility with grease, a key product in the aeronautical
field. Some may think that hybrid propulsion will not suffer from the same problematics,
SCALED COMPOSITES accidents proves that this point of view is unfortunately false. A
significant level of risks is associated to almost every rocket engines fluid once it is in contact
with the ambient atmosphere : very low temperature effect, explosion hazards etc ..

As a consequence the minimum work to operate reusable manned space vehicles will require a
significant completion of existing aeronautical best practices.

The proposed paper/presentation for the IAA symposi um will treat these points and
others with details. They will altogether cover and compare the whole operational
cycle of the various reusable vehicles concepts.
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Prospects for Space Tourism in Japan
P. COLLINS — Azabu University
Y. INATANI, Y. NARUO — JAXA/ISAS
K. ISOZAKI — AEROSPACE Consultant
R. WAKAMATSU — Spacetopia Inc.
K. YONEMOTO - Kyushu Institute of Technology

It is increasingly widely recognised around the world that the development of passenger space
travel services could greatly reduce the cost of access to space, and thereby make the vast
resources of near-Earth space available for the benefit of human civilisation. One of the
pioneers of this activity was the late Professor Makoto Nagatomo, who initiated and led the first
ever collaborative study of the feasibility of space tourism as an activity of the Japanese Rocket
Society (JRS) from 1993 to 2002. This paper is dedicated to Professor Nagatomo, and it
describes that pioneering work, including the series of reports and papers which it generated
about the "Kankoh-maru" VTOL passenger vehicle design, its manufacture, operations and
feasibility, the influence of the JRS study, and resulting activities.

The pioneering "Space Travel Research Programme" of the JRS continued from April 1993
through 2002, having been initiated by Professor Nagatomo as the head of the JRS Academic
Committee. He selected and persuaded aircraft engineer Kohki Isozaki to lead the first phase
of the work as chair of the Transportation Research Committee, of which the first report was
published in 1995. This was followed by three further reports by the same Committee; in
parallel the Business Research Committee was chaired by Patrick Collins, and the Regulatory
Research Committee was chaired by retired aeronautical engineer and airline executive
Yoshiyuki Funatsu.

In total, the JRS study produced a large amount of professional work, all on a volunteer basis,
and from an early stage important papers were published in English. These were influential,
inter alia, in stimulating the joint study of General Public Space Travel and Tourism by the US
Space Transportation Association (STA) and Nasa, from which the path-breaking 1998 report
included many references to the JRS work.

After the different JRS committees had reported, Yoshiyuki Funatsu established the Space
Tourism Forum, a bi-monthly meeting to which he brought experienced guests from the civil
aviation world to share their expertise and ideas with space industry colleagues. He later
persuaded the Japanese Aeronautical Association (JAA) to establish the Aerospace Travel
Research Committee. Since his death in 2002 the JAA committee has held a series of
meetings described in the JAA magazine; has sponsored two research surveys, and has co-
organised (with the JRS) two well-attended national Symposia in 2005 and 2007. Numerous
research papers were also presented at the bi-ennial ISTS conferences from 1994, and full
sessions were held in 2000 and 2002. Yoshifumi Inatani also organised a series of JRS Rocket
Symposia, which led to the publication of books of the proceedings.

There was no formal end of the JRS work, but proposals for follow-on activities included the
"Mikado", a small, piloted, reusable, orbital VTOL vehicle, and "Uchumaru", a small, piloted,
reusable, sub-orbital VTOL passenger vehicle. Both of these projects are technically feasible;
the latter project has lower cost and lower risk, but would be a slower route towards orbital
travel services. If funding was to be purely private, it would be easier to initiate, as seen in the
range of sub-orbital vehicle development activities in the USA.

A range of subsequent activities in Japan have continued progress in this field, though they are
independent from the JRS work:

As a space science project at ISAS, the reusable, liquid hydrogen-fueled RVT was developed
and flew 12 times in three flight-test series from 1999 to 2003. This work has led to the design
of a larger, reusable, unpiloted vehicle to carry substantial payloads to 100km altitude.
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Hokkaido Aerospace Science and Technology Incubation Centre (HASTIC) has collaborated
with Rocketplane Inc to plan passenger space flight services.
Plans were announced for private Japanese investment in reviving the soviet-era Almaz system

for passenger carrying.
Daisuke Enomoto was scheduled to fly on Soyuz in autumn 2006, but this was later postponed

for medical reasons.
The largest Japanese travel agency JTB started a programme for passenger space flight

services.
The N.P.O. Manned Rocket Project (MRP) was established to advocate for passenger space

travel.
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Creating New Transportation Culture by
Suborbital Space Tourism Vehicles
M. ONUKI — Space Frontier Foundation
C.J. LAUER - Rocketplane Incorporated

Transportation has been one of the most important fundamental things from ancient days such
as horse, boat, cart and so on, and even more so nowadays. Also, every transportation system
has created unique cultural aspects following its original purpose to transport. Ship, car, train,
plane, subway, etc. all have their particular culture and style.

Transportation has such a big power to change our lives to enrich and to contribute economic
activities enormously in any age. Now, it is the space age. We have expendable rockets and
orbital vehicles regularly operating even though they occasionally tend to have some trouble.
However, we don’t have suborbital space vehicles operating regularly yet. There were the X-15
and SpaceShipOne from the 1960’s and 2004 respectively. However, these are one time type of
engineering challenge events so far, and both vehicles now hang in the Smithsonian. Now,
several companies are in a hot race to become the first commercial provider of suborbital space
flights. A few years more are need to complete these vehicles, but only a few years more to
realize commercial suborbital space tourism!

If we have suborbital space vehicles, the space tourism market and space development will be
changed completely. Orbital space tourism costs about $25M and more while suborbital is
about $200,000~$300,000. This two order of magnitude reduction in the price for a personal
spaceflight experience will create a new big space tourism market. Also, suborbital space
vehicle can do microgravity experiment, remote sensing, earth observation like disaster watch,
and sponsored on board business. In the case of Rocketplane Global, it has more potential to
do something like a Space Wedding on board the XP spaceplane because it has a shirtsleeve
environment and we can wear anything which the FAA will give us safety permission to use.
Ultimately, suborbital space vehicles will evolve into the next generation point-to point suborbital
vehicles which will enable passengers to fly from Japan to the U.S. within one hour. It will
change our life globally, both in physical distribution and culture. Even the notional meaning of
time could be changed in this age. It will create a dynamic transportation revolution on earth,
when any place is reachable within a few hours from anywhere else on the planet.

Meanwhile, spaceports are the places where related business will happen too. Commercial
spaceports for space tourism are gateways which will have a variety of functions so that they
will also have potential to create space culture and spread that new culture around the world.
Such suborbital space vehicles have huge potential to develop new markets, save time and
improve performance. We can expect that this could create new cultural elements in our life.
Culture aspects which will be created by suborbital space vehicle will be considered in this
paper. Suborbital space vehicles will give us an exciting new transportation age within a few
years.
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The Private Manned Access to Space
a New Employment for Junior Engineers
J.B. DELPY, T. HIRIART — SUPAERO

The Commercial Manned Space Flight will no longer be an unachievable dream. Some major
space companies have already started to develop and to sell some tickets to space! The career
opportunities of this new rising sector might interest junior engineers. How could the new
challenges involved by being part of a new space conquest not be incredibly exciting for the
junior engineers that we are to be?

In this paper, two SUPAERO students in aerospace engineering aim at knowing better the
opportunities that will offer this new sector in terms of employment and career. All the
Commercial Manned Space Flight sector will be taken into account: research and development
of rocket engines, space planes, and space stations as well as maintenance and operations of
these space systems.

This study will first explore the point of view of students and junior engineers concerning the
potential opportunities they could find in the sector. It will state which is the percentage of them
interested in Space, and then interested in the Commercial Manned Space Flight. Who would
join this by passion and who would join this by opportunism?

Second part of the paper will study what will be the opportunities offered by private companies
to work in this sector. Major space companies started some new programs related to space
tourism, so the question will be to know whether or not senior engineers and junior engineers
could be hired. Furthermore, it could be interesting to know if Human Resources Directors
would be better attracted by young and dynamic profiles rather than older but more experienced
candidates. Moreover, as a strictly private commercial sector, it might be exciting to see if the
job vacancies may be easier to get for international applicants than it is now in space agencies.
That is why, in addition to the employment market study, we will also deal with the international
laws of sensitive technology sharing.

Finally, the paper will study if the opportunity for junior engineers to create their own space
company and join the inspiring adventure of the new private space conquest!
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Space Tourism = Space + Tourism
W. PEETERS - International Space University
G. CROUCH - La Trobe University

The events of the last few years suggest that space tourism is developing as a pure commercial
space activity - the first of its kind. The first, government funded, suborbital flights in the 1960s
were precursors to orbital space travel, lunar travel, and unmanned interplanetary travel for
exploration. However, since Dennis Tito, in 2001, became the first commercial space traveler,
there have been several other orbital space tourists. Recent developments indicate that regular,
commercial, sub-orbital space travel may be just around the corner.

Being a commercial endeavor, the classical marketing approach is fully applicable to the new,
suborbital and orbital space tourism sector. A simplified approach teaches us to consider the
so-called 4 P’s of marketing: Product, Price, Place (or Physical Distribution), and Promotion. As
space tourism is also substantively experiential and service-oriented in nature, three further
marketing P’s are also highly relevant: People, Process, and Physical Evidence. Applying these
principles to space tourism, in brief, raises the following issues:

Product : The space-plane will have to be customer oriented. Design will have to take into
account the requirements expressed in surveys, such as: the ability to observe via windows,
free floating capacity, and appropriate levels of training requirements. Also limited g forces and,
evidently, high reliability will be additional design drivers.

Price: It is not easy to forecast demand in the case of a new product without direct
benchmarking possibilities. Nevertheless, this will be needed as accurately as possible,
together with a good appraisal of price elasticity and the willingness of passengers to pay for
different combinations of space tourism attributes and experiences. Simplistic customer surveys
may provide very misleading forecasts. More scientific and rigorous research, based on discrete
choice modeling, may provide better estimates.

Place: Spaceports will not only attract passengers, but also accompanying family, friends, and
others, as well as many onlookers. Provision will therefore have to be made for — by preference
space-related — tourism infrastructure with simulators and other facilities. It is, in addition,
evident that the location of such a project will have to take into consideration, numerous
operational as well as market oriented issues.

Promotion : Virgin Galactic’s business model is based upon 100 founders, 1.000 pioneers and,
ultimately, voyagers. Early promotion will therefore have to target and find HNWI's (High Net
Worth Individuals), via appropriate channels, such as private plane owners or other
associations.

People: Commercial space travel will be a highly experiential product. The service experience
provided to the potential customer from the promotional stage through purchase, training, the
flight itself, and post-purchase stages will be critical. The interaction of the customer with all
individuals responsible for the different aspects of the service will therefore be fundamental to
the success of the venture.

Process: As a service, the design of the process for delivering the complete experience to the
customer, will also be paramount to its success.

Physical Evidence: Potential customers will make judgments about the operator in part based
on the physical evidence of the company. While the spacecraft, itself, represents to most
tangible and critical element of the customer experience, all aspects of physical evidence of the
company will contribute to the development of an image of the capacity of the venture to safely
serve the customer.

If properly targeted, suborbital space tourism could lift-off as the first commercial space sector,
without public support. However, in order to be successful, it will need to comply with the
commercial rules of successful marketing.
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The New Student Aerospace Motivation
J. HENRY, L. GATHIER, Ph. COUE — Dassault Aviation
J.P. HAIGNERE — ESA
N. BERTRAND — SAFRAN
B. COCHARD — EADS
P. REYMOND — THALES
T. HETIER —AF

C. BRESSON

In 2007, 15 teams, gathering eighty undergraduate and graduate students, have participated in
the first exercise of the Student Aerospace Challenge to develop innovative solutions for the
VSH manned suborbital vehicle project. The partners of the Challenge were please to notice
quality of the works. This result is a very encouraging sign for the motivation and the quality of
these future engineers. For these reasons, the partners decided to carry on the Student
Aerospace Challenge with a new contest in 2007/2008. This paper will present the results of the
first exercise and the new contest to carry on this initiative.
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Sciences Education with Planete Sciences :
a Squadron of Tools and Programmes to Go
on Space Conquest
C. SCICLUNA, M. ANDREOU, X. HORION, N. CHALEROUX,
D. VAN PEVENACGE - Planéte Sciences

Since 1962, and with the support of CNES and major aerospace industries, the French non-
profit organization Planéte Sciences has been providing young amateurs with facilities, tools
and programmes to make their dream fly. With space conquest as an original and main focus,
Planéte Sciences has evolved and is promoting sciences and technology through practical
activities and experimentation to youth from elementary school to university levels. The
spectrum of thematics has broadened over the years and now includes, space activities,
astronomy, robotics, environment, meteorology, energy and archaeology.

Young space conquerors are proposed to get hands on projects ranging from micro-rockets to
experimental rockets but also stratospheric balloons and zero-gravity experiments.

Planete Sciences is managing programmes, trainings, workshops, club projects in France and
beyond.

With micro-rocket or more recently water-rockets, available from the age of 7, the youngsters
are brought to design and manufacture their first rocket and to learn the basics of
aerodynamics, flight stability, propulsion and safety procedures. This can be performed within a
couple of days and the altitude reached by the rockets is from 50 to 100 meters, before falling
back under a parachute.

Junior high and high school students are proposed to work on a long-term project (from one to
two years) that ends with the launch of their rockets within a secured and safe area, as their
project could reach up to 3 Km high. A mini-rocket purpose is to deploy a recovery device
(typically a chute); the experimental rocket, propelled by a more powerful engine is lifting off
experiments and/or Cansats during the yearly launching campaign.

The Stratospheric Balloon projects can be performed within a classroom or a club during a 6
months period. The team members have to design and build all the experiments of their choice
which take place in a basket hanging below a weather balloon. Reaching very high altitude (up
to 40 km, enough to observe the round shape of the planet), this vector allows studying the
different layers of the atmosphere and its characteristics, to perform remote sensing, land
recognition, image processing and other rare atmosphere experiments. A dedicated telemetry
transmitter is provided by CNES for the young space quasi-travelers assess their first results.
Mini-rockets and stratospheric balloons projects are proposed through nation-wide programs to
all schools willing to participate.

Room for Zero Gravity projects is provided to post-graduate students who passed a jury
selection examination. This ultimate human experience of space travel is achieved during
regular A300G flight campaign.

The projects proposed by Planéte Sciences are performed within safety constraints and come
with pedagogic and technical support and reviews from volunteers, several times during the
project lifetime. They involve teamwork and the development of management and experimental
process. They are made available to the largest and most popular range of participants and are
the most important space outreach programs in the country.
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Promising Roadmap Alternatives for
The Space Liner
M. SIPPEL — DLR

A strategic vision has been proposed by DLR which ultimately has the potential to enable
sustainable low-cost space transportation to orbit [1, 3]. The baseline idea is simple and quite
conventional: Strongly surging the number of launches per year and hence dramatically
shrinking manufacturing and operating cost of launcher hardware. Ultra long distance travel
from one major business center of the world to another major agglomeration on earth is a huge
and mature market. After the termination of Concorde operation, ultra fast transportation, much
faster than supersonic and even potential hypersonic airplanes, could definitely be a
fundamental new application for launch vehicles. Such a new kind of ‘space tourism’ based on a
two-stage reusable launch vehicle (RLV) has been proposed by DLR under the name
SpaceLiner [1, 2]. Ultra long-haul distances like Europe — Australia could be flown with 50
passengers in 90 minutes; Europe to Northwest America with 100 passengers and additional
cargo using a derived vehicle in less than one hour [4].

Even under the conservative assumption that only a very small portion of the upper business
travel segment could be exploited by a rocket-propelled intercontinental passenger transport,
the resulting launch rates per year would be far in excess of any other credible scenario. By no
more than moderately tapping the huge intercontinental travel and tourist market, production
rates of RLVs and their rocket engines could increase hundredfold which is out of reach for all
other known earth-orbit space transportation applications. The fast intercontinental travel form
of space tourism, not only attracting the leisure market, would, as a byproduct, enable to also
considerably reduce the cost of space transportation to orbit.

Figure 1: The SpaceLiner vision of a rocket-propell ed intercontinental passenger
transport, shown here in a computer rendering, coul d push spaceflight further than any
other credible scenario
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A preliminary cost assessment of the SpacelLiner concept has been performed which shows
that an attractive business case might exist for this form of high-speed intercontinental
passenger flight through space, even in case of privately funded development. Nevertheless,
the SpacelLiner is a revolutionary approach without any similar idea being realized in the past.
Therefore, development can not follow well known paths; instead adequate roadmaps are to be
defined. The paper summarizes the vision behind the concept and gives a brief overview on the
latest technical lay-out and flight performance. An assessment of promising roadmaps follows to
guide further development and to identify potential synergies with other future launch vehicle
developments. Intensive technology development has to start soon for enabling the introduction
of high speed freight and passenger service around 2030. These technologies would also
support a potential semi-reusable unmanned European Next Generation launcher and the
experience gained with such an RLV would benefit the operational introduction of the
SpacelLiner.

The operations of suborbital Space Tourism like SpaceShipTwo or other proposals play an
important role in developing the market of passenger flight through space. The required
technologies for these kinds of endeavors, however, can support only on a strictly limited basis
the much more ambitious and sophisticated skills necessary for the SpaceLiner. Thus, they play
an important role in testing the market and are therefore important in developing a business
roadmap but they have a minor role in qualifying critical components and technologies.
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Point to Point Suborbital Space Tourism
D. WEBBER — Spaceport Associates

Several public statements have been made about the possible, or even likely, extension of initial
sub-orbital space tourism operations to encompass point-to-point travel. Typically, the argument
has been made in the context of a new kind of transcontinental travel, such as eg a London to
Sydney trip in less than an hour.

It is the purpose of this paper to explore some of the basic considerations for such a plan, in
order to understand both its merits and its problems. The paper will discuss a range of
perspectives, from basic physics to market segmentation, from ground segment logistics to
spacecraft design considerations.

It is important that these initial considerations are grasped before more detailed planning takes
place. The paper suggests that the notion of point-to-point sub-orbital space tourism may truly
have more in common with orbital spaceflight than with either supersonic airliner travel or sub-
orbital space tourism lobs above a given spaceport.
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The Logistical Challenges of the
Space Liner Concept
A.van FOREEST, M. SIPPEL — DLR

At DLR a hypersonic spaceplane for passenger transportation is being investigated, which is
capable of covering the distance Australia-Western Europe in less than 90 minutes [1,2]. This
spaceplane, called the ‘SpaceLiner’, is equipped with LOX/LH2 fed rocket engines. The two
staged vehicle consists of a parallel staged booster and orbiter (Figure 1).

Figure 1. Two Staged SpaceLiner Containing 50 Passe ngers

Carrying 50 passengers, the SpaceLiner accelerates to a suborbital trajectory. After performing
a vertical take-off, the combined launcher accelerates beyond Mach 11 when the booster
separates. After its MECO the booster performs a ballistic reentry and should be transferred
back to its launch site.

Following separation, the orbiter with the passengers inside accelerates to its MECO conditions
close to 6.55 km/s at 85 km. The powered phase is then followed by a powerless skip trajectory.
During the skip trajectory the SpaceLiner ‘bounces’ over earth’s atmosphere, much like a stone
skipping over a pond. A skip trajectory has the advantage that range is increased considerably
when compared to a purely ballistic trajectory. Nevertheless, the SpaceLiner has a total takeoff
weight of more than 1100 tons. The complete SpaceLiner trajectory is shown in Figure 2.
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Figure 2. Tracetory of the SpaceLiner for the Austr  alia

Western Europe Flight

Apart from its technical challenges (a major challenge is the high heating rate encountered
during the skipping [3,4,5]), the concept involves some interesting logistical challenges. The
SpacelLiner will most probably produce too much noise to launch in populated areas. In case of
a flight from Australia, the launch site could be located in for example the Australian outback.
Otherwise an offshore launch could be an option. In any case, passengers should be
transported to the launch site in a fast and efficient way, for example using helicopters.

Landing is foreseen on currently existing airports. This raises the problem of how to get the
orbiter from its landing site to its launch site. Transportation by boat would be necessary in case
of the offshore launch.

The fact that the SpaceLiner uses LOX/LH2 as a propellant introduces another logistical aspect.
LOX/LH2 tanking is a rather slow process currently. Tanking should be done well in advance of
passenger arrival. Because of the vertical takeoff, passenger boarding should be quick to
minimize the rather uncomfortable, space shuttle like sitting position. An option would be to
build a separate passenger cabin. This would make it possible to let the passengers board in a
horizontally positioned cabin. The cabin should then be picked up and rotated into a vertical
position, followed by joining it with the orbiter. This passenger cabin could also be separated in
case of an emergency by additional (solid) fueled rockets.

The above examples show that the SpaceLiner concept has some logistical challenges which
are to be tackled to obtain a practical, feasible and economical interesting new way of ultra high
speed traveling. The paper will first introduce the technical background of the SpaceLiner
concept in more detail. After this the logistical challenges will be discussed and solutions will be
proposed.
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Physiological, Environmental and Operational
Risk Factors for the Crew and Passengers of
Future Commercial Space Vehicles
M.J. ANTUNANO — Federal Aviation Administration

Manned commercial space travel (suborbital and orbital) will generate its own kind of risk
factors that must be dealt with in order to ensure the health and safety of crews and
passengers. Once these flights start, there will be no turning back and this new space
transportation industry will grow at an accelerated pace. This presentation will discuss a number
of physiological, operational and environmental risk factors (actual and potential) for the
occupants of commercial space vehicles. Actual risks include exposure to: 1) High acceleration
and deceleration flight profiles, 2) Microgravity or weightlessness, 3) Solar and cosmic radiation,
4) Noise and vibration, 5) Unfamiliar motion (space sickness), 6) A sealed cabin environment
(cabin air quality). Of particular concern are the effects of exposure (short-term and long-term)
to microgravity on the cardiovascular, neurological, endocrinological, muscle-skeletal, and
gastro-intestinal systems, on both healthy and diseased passengers. In addition, there is no
clear scientific understanding of the metabolism and effectiveness of a number of medications
used by individuals during exposure to microgravity. There is evidence of decreased efficacy of
antibiotics and other medications in microgravity, and increased virulence of microorganisms in
space. Furthermore, U.S. and Russian experience regarding space physiology and medicine
involve short-term and long-term space flights, but does not address the effects of: 1) Frequent
repetitive exposure (several times a week) to flight profiles involving: normal gravity (pre-flight) -
acceleration (launch/take off) - microgravity (space) - deceleration (return) - normal gravity
(post-flight), 2) Frequent repetitive exposure to solar and cosmic radiation, and 3) Exposure to
microgravity among individuals who have select medical pathology. There is also a potential for
occupant injuries (closed and open) during intra vehicular activities in microgravity. Other
potential risk factors for the occupants of commercial space vehicles include unexpected
exposure to: very low or absent barometric pressure (rapid and/or explosive decompressions),
temperature extremes (heat and cold), humidity extremes, in-flight cabin fire, cabin air
contaminants (biological, chemical, particulates, etc.), electricity, non-ionizing radiation,
structural cabin hazards (sharp edges and corners, etc.), impact forces during crash landings,
post-crash fire, emergency evacuation, and post-evacuation survival.
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Medical Infrastructure and Program for Medical
Selection of Passengers for Commercial
Suborbital Spaceflight
R. GERZER, G. KLUGE, C. STERN, J. MUELLER, M. TRAMMER - DLR

Commercial suborbital and orbital human spaceflight has huge perspectives in the next
decades. Passengers of these flights need to be selected, medically checked and prepared for
their flight.

The Institute of Aerospace Medicine at DLR in Cologne, Germany, has special equipment and
knowledge for these tasks. As we have long expertise in orbital spaceflight through selecting
and caring for the German Astronauts and the European Astronaut Corps, we consider having
all necessary equipment and experience also to care for commercial spaceflight participants.

As most commercial spaceflight participants in the next decade might be participants of
suborbital flights, and as this might rapidly grow into a mass market, it is a challenge to define
selection and training methods that allow a rapid decision as to whether a possible participant is
fit to fly and a short and intensive preparation time for the flight.

We expect that the duration of a medical selection should not exceed one day and the time to
prepare for the flight should be less than one week or might even take a few hours only. This
will be very different from current procedures to select and train astronauts.

A medical selection should involve a medical screening according to a JAA class | Medical
including experience of centrifugation at 3 Gx for > 5 min, cardiopulmonary evaluation including
tilt table testing and a hypobaric chamber exposure with physiological training of the altitude.
This could in total be performed with no problem within one day. Such a medical could be made
valid for 12 months. A short written update on the present health status of the passenger should
be given within the last day before start or a medical check at the day of departure.

As centrifuge, tilt table test and hypobaric chamber training are already within the medical
selection part, further mission training would mainly need lectures to prepare the spaceflight
participant for the suborbital flight. Theses lectures should contain structured information on
effects of and countermeasures to hypergravity, hypoxia, rapid decompression and avoidance
of motion sickness. Most important, however, will be training of emergency procedures.

As commercial spaceflight participants might fly from a spaceport that is far from their home, it
should be made possible to do the Medical at a place far away from the future launch place.
Therefore, it would be advisable to establish a body of accredited institutions that adhere to the
same standards of participants for private commercial spaceflight participants.
Recommendations for the medical emergency equipment in a commercial spacecraft carrying
well checked personnel should also be made by these institutions.
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Medical Safety Considerations for Passengers

On Short-Duration Commercial Orbiatal
Space Flights
M.J. ANTUNANO, R. GERZER, D. BAISDEN, V. DAMANN, J. DAVIS, G.
GRAY, A. GRIGORIEV, H. HINGHOFER-SZALKAY, S. HOBE, G.
HORNECK, P. ILLIG, R. JENNINGS, S. JOHNSTON, N. KANAS, C.
KOURTIDOU-PAPADELI, I. KOZLOVSKAYA, J. McPHEE, W. PALOSKI,
T. RUSSOMANO, G. SALAZAR, V. SCHNEIDER, P. STONER, J.
VANDERPLOEG, J. VERNIKOS, R. WHITE, R. WILLIAMS
Federal Aviation Administration

This presentation is based on the final report of IAA Study Group 2.6 “Medical Safety
Considerations for Passengers on Short-Duration Commercial Orbital Space Flights”. The
purpose of this study group was to identify and prioritize medical screening considerations in
order to preserve the health and promote the safety of paying passengers who intend to
participate in short-duration flights onboard commercial orbital space vehicles. Orbital space
flight exposes individuals to an environment that is far more hazardous than what is
experienced by passengers who fly onboard current airline transports. The report provides
general guidance for operators of orbital manned commercial space vehicles for medical
assessment of prospective passengers. The report recommends that physicians supported by
other appropriate health professionals who are trained and experienced in the concepts of
aerospace medicine should perform the medical assessments of all prospective space
passengers. In view of the wide variety of possible approaches that can be used to design and
operate orbital manned commercial space vehicles in the foreseeable future, it is very difficult to
make unequivocal recommendations on specific medical conditions that would not be
compatible with ensuring safety during space flight. Therefore, the medical safety
considerations included in the report are generic in scope and are based on current analysis of
physiological and pathological changes that may occur as a result of human exposure to the
various operational and environmental factors risk factors encountered during space flight.
Space flight is associated with a humber of physiological and psychological changes that may
cause and/or aggravate certain medical conditions and could adversely impact a passenger’s
health and safety. In addition, the medical considerations contained in the report are based on
the assumption that passengers will be capable of performing an emergency evacuation without
assistance and will not compromise the safety of other occupants (crew members or
passengers). The first commercial orbital space vehicles will have very limited or even absent
medical intervention capabilities onboard. Furthermore, it will be very difficult (if not impossible)
to quickly divert an orbital space flight in order to obtain more advanced medical care for
passengers on the ground. Therefore, prospective passengers with significant medical
conditions will have to be evaluated very carefully before allowing them to fly into orbit. Despite
significant aerospace technological achievements and ongoing efforts to facilitate the
development of manned commercial space flight operations, the emerging commercial space
transportation and tourism industries (suborbital and orbital) will have to address a number of
risk factors in order to promote the health and safety of future crews and passengers. An
emphasis on medical safety will also help decrease the companies’ potential liability in case of
an in-flight incident or accident.
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Launch of Private Manned Spaceships
Using Zenith and Mayak LV
A.P. KUSHNAR'OV, A.V. DEGTYAREV, O.M. VENTSKOVSKY,
E.Y. BARANOV, A.l. BERDNIK - Yuzhnoye Design Office

The present-day projects to launch into space the private manned Spaceships (SS) have many
great problems, and the most essential ones are high level of initial costs during practical
implementation and a limited reliability at the first phase.

The successful solution of these problem is possible if the Zenit and Mayak launch vehicles are
used to launch the private manned spaceships.

The Zenit space rocket system was developed in 70s-80s with the Zenit-2 two-stage launch
vehicle which has performed 37 proven flights from cosmodrome Baikonur since 1985. The
modernized stages of this LV took part in 24 launches as an integral part of the Zenit-3SL ILV
on Sea Launch program. At present the modernization of the Zenit system on Land Launch
program is being completed, and it envisages to present the commercial launch services at
cosmodrome Baikonur from 2008.

The Yuzhnoye SDO has performed the work to provide the possibility of launching the manned
SS by Zenit LV, the methods to ensure the LV and launch system readiness for manned flights
have been defined. In the course of the work, the capabilities of the launch vehicle and launch
system have been updated, the costs of the launch system improvement for manned flights
have been evaluated.

Besides, it is proposed to use the LVs of family as a possible option of the launch vehicles to
launch private spacecraft. The Mayak LV family is being developed by Yuzhnoye SDO based
on the technology and technical solutions well tried-out and used in Zenit LV family.

The flexibility of concept of Mayak LV family development allows to ensure creation of an
optimal launch means to inject manned SS in terms of technical performance and economical
indices. The LV can be created for launching manned Spaceships both into closed orbit and in
to suborbital trajectories, and multipurpose of system allows to use it also for launching the
unmanned spacecraft.

The cooperation with Yuzhnoye SDO having an extensive experience in space rocketry
designing and high level of personnel's qualification provides a good opportunity for private
companies to use the most optimal by reliability and cost technical solutions when developing a
manned transport system.
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Study of Next Generation Space
Transportation System
R. YAMASHIRO, S. ISHIMOTO, K. FUJII — JAXA

When the private manned space transportation activities are getting active, we public
institution’s mission is to build the technical foundation of new space transportation systems.
Now we are considering the Next Generation Space Transportation System, which improve
safety and reliability dramatically, reduce transportation cost innovatively, and then could
change the way of space development and the general society. This lecture will introduce the
research and development plan of this next generation space transportation system.

In order to achieve this goal as a first step, we have set a first reference model. Our first
reference model is the two-stage part reusable space transportation system. The first stage is
the winged reusable rocket booster, launched vertically and landed in a horizontal. The second
stage is expendable rocket. The aim of this concept is to reduce the first-stage production cost,
generally larger than the others, and to enhance safety by the capacity of emergency flight. And
then to reduce operating costs the goal of the turn-around-time is 48 hours.

To allow for the reference system and for the acquired technology to lead to the ultimate goal,
we set the three technical issues. The first is to lighten the body’s structure. It significantly
affects the cost, the turn-around-time and the feasibility of the reference system and the other
new space transportation’s concept. The second is the health management technology.
Automated check and fault detection system is needed for the decision to shift to emergency
flight, and able to reduce the time of trouble shooting and maintenance. The third is the flight
management technology. The autonomous ability to set flight plan considering the vehicle
performance and constraints is needed for the emergency flight, and able to reduce the time of
the advance flight analysis.

In addition to these technologies, we regard some technologies as important. For example, safe
and manageable engine without liquid-hydrogen, nontoxic rocket control system, easy access
and exchange light thermal protection system, light leg, and risk management as enhanced
hazard analysis and variable probabilistic risk analysis. And for these important technologies we
are planning to implement the flight demonstration test. Details are on the table, but we assume
the sub-scale model of the first stage of the reference model.
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New Concept of Space Construction
S.V. ANTONENKO S.A. BELAVSKIY, P.S. PUSHKIN
Khrunichev Space Center

There is a big interest to commercial use of orbital stations today. However, the International
Space Station (ISS) and previous stations operation shows their commercial application
complexity.

It is possible to point out a number of the moments, which interfere with its economic
efficiency in today’s station concept in our opinion:

1. The Station consists of the specialized modules (i.e. everyone is focused on a

specific circle of problems and is not replaced valuablely).

2. Modules are designed for the station functioning maintenance within total term of its
existence (with appropriate requirements on redundancy, maintainability and
periodic repair works).

3. Delivery of cargoes and cosmonauts is carried out by spaceships, which are utilized
after delivery (part of the spaceship comes back to the Earth in a case of manned
flight).

The research carrying out show that up to 50 tons spaceship mass per one year is
utilized at today's space station mass of about 200 tons (the reentry vehicles mass is excluded
from design and operation is considered at the today's level but without "Space Shuttle" use).
l.e. the utilized spaceship mass will be equal to mass of the space station for four years of its
operation.

It is necessary to note that cost of one kg of space station is practically equal to the cost
of one kg of spaceship as actually identical structures, systems and technologies are used in
both cases.

Authors of the report reviewed the new concept of deployment and operation of space
stations, consisted in use of the unified modules, which are transport spacecrafts (including the
manned ones) and elements of space station to be deployed.

The unified modules are constructed on the basis of the supply transport spaceship
(STSS) and have an opportunity at assembly of distributed resources use. It is supposed also
that, after the new modules docking, the old or failed ones will be loaded with the waste
products, undocked and utilized.

The offered concept allows considerably to decrease the expenses on deployment and
operation of the space station. It is possible to note the following as the important advantages:

1. The modules manufacture seriality reduces considerably the expenses for tests and

manufacture.

2. The limited necessary modules resource (2 - 4 years), together with the distributed
resources use, reduces the needs for redundancy and maintainability.

3. Scaling. There is no necessity to construct a space station with account of the
future requirements as it may be reconstructed easily simultaneously with the
cosmonauts delivery. On the contrary, in case of demands decreasing, the space
station will be reduced in the process of the old modules utilization. It is possible
also to devide the space station into two part in case of its significant size
increasing.

4. High reliability and survivability at the expence of the repeated redundancy due to
distributed resources activation (for example, other module control system use is
possible).

5. The opportunity of individual modules modification for needs of the specific space
tourist.

6. Articles nomenclature reduction.
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Private Ground Infrastructures for Space
Exploration Missins Simulations
A. SOUCHIER - Planéte Mars

The Mars Society, a private non profit organisation devoted to promote the red planet
exploration, decided to implement simulated Mars habitat in two locations on Earth which
presents some analogue Mars conditions. First Habitat was implemented in 2000 in northern
Canada on the rim of a meteoritic crater on grounds with permafrost on Devon Island. The
second habitat was implemented end 2001 in a US Utah desert, location of a past Jurassic sea.
These habitats have been built with geometrical similarities to actual planned habitats for first
Mars human exploration missions ( 8 m diameter modules with 2 floors). Main funds were
provided by various private companies . The Canada Flashline Mars Artic Research Station or
FMARS is opened one month per year owing to climate considerations. The Utah Mars Desert
Research station or MDRS is opened from November to May, with 6 persons crews rotating
every two weeks. Participation is open to everybody either proposing experimentations or
wishing only to participate as a crew member. The participants have only to fund their travel and
their experimentations. A simulation summary report is requested at the end of the rotation.
Participants are from different organizations: Mars Society, Universities, experimenters working
with NASA or ESA. The general philosophy of the work conducted is not to do a scientific work
on the field which would be easier to conduct without simulating Mars exploration conditions,
but to learn how the scientific work is affected or modified by this particular conditions. Outside
activities are conducted in Extra Vehicular Activities (EVA) with simulated spacesuits which are
limiting the experimenter abilities as well as the time spent on the field. Around these activities
on the field, technological or procedural experimentations may be conducted to help the
experimenter (data management, localisation on the field, adapted tools, interface between man
and machine, ergonomics in general). Technological experimentations may also be conducted
in the habitat. Experimentations are also conducted on the crew psychology and behaviour as
well as the working procedures. Some examples of these activities for various missions are
presented including 2 missions in which participated the author. A special four months mission
was conducted in 2007 at FMARS which is a duration closer to a true 16 months Mars
exploration mission. And the summer polar permanent day has enabled the crew to follow a
Martian circadian rhythm of 24 h 40 mn.
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Passengers’Safety and Habitability Requirement
as Keys to the Design of Suborbital Vehicle:
The Black Diamond Case Study
O. BRECHON CORNERY,
— The Strate College
J.P. HAIGNERE — ACE
F. WINISDOERFFER - Strate College Designers

Within the frame of the Student Aerospace Challenge, The Astronaut Club Européen is
proposing an European initiative to develop a sub-orbital spacecraft to serve the emerging
market for private access to space, commonly addressed as “Space Tourism”.

Internal design quality and passengers accommodation, while satisfying the highest safety
requirement are key parameters to guarantee the success of such projects by appealing to
prospective customers.

This paper describes the work performed by a team of students/faculty staff of Strate College
Designers, a French private industrial design school near Paris, within the frame the Student
Aerospace Challenge competition.

Particular emphasis is placed on :
- Passengers safety
- Comfort and habitability requirements
- Passengers operations

A usage analysis is presented addressing ground and flight operations, throughout the different
phases of the flight. Environmental constraints placed upon the passengers are reviewed
according to the sequence of flight (acceleration during ascent and descent, evolving direction
of load factor, visibility, zero-g floating capability while ensuring safe return to the individual ‘s
couch, in nominal and non-nominal (emergency) operations: risk of on-board fire, atmosphere
contamination, and depressurization, as well as crash landing are among the situations
reviewed.

A personal restraint and couch concept is presented through CAD views and animations, which
allow passengers to maximize the quality of the experience while maintaining a high level of
safety. The concept was granted the Astronaut Club Européen Grand Prix during the Paris Air
Show in June 2007.
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Development of the DL/H-1 Full Pressure Suit
For Private Spaceflight
P. DE LEON - University of North Dakota
G.L. HARRIS — De Leon Technologies LLC

The objective of this paper is to detail the need for full pressure suits to protect spaceflight
participants during the experimental phases of flight testing of new space vehicles. It also
details the objectives, basis for design, problems encountered by the designers and final
development of the DL/H-1 full pressure suit. It will include justification for its use and results of
the initial tests in the high altitude chamber at the J.D. Odegard School of Aerospace Sciences
at the University of North Dakota.

For the test flights of early commercial space vehicles and tourist suborbital spacecrafts,
emergency protection from the rarified air of the upper atmosphere and the vacuum of low Earth
orbit almost certainly will be a requirement. Suborbital vehicles could be operating in “near-
space conditions” for as long as 30 minutes to as much as several hours. In the case of cabin
pressure loss, without personal protection, the loss of crew and vehicle could result.

This paper explains the different steps taken by the authors who designed and built a flight
hardware pressure suit that can meet the physiological and comfort requirements of the tourist
suborbital industry and the early commercial private spaceflight community.

The suborbital tourist and commercial spaceflight industry have unique problems confronting
the pressure suit builder such as unpressurized comfort, reasonable expense, unique sizing of
the general population, decompression complications of persons not fitting a military physiology
profile and equipment weight issues. In addition, the lack of a certifying agency or guidance
from international or national aviation authorities has created the opportunity for the emerging
civilian pressure suit industry to create a new safety standard by which it can regulate itself in
the same way the diving industry has since the late 1950’s.
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The “Cité de 'Espace” & Space Tourism
P. DRONEAU - Cité de I'Espace

Which place for the Cité de I'espace ? Toulouse - France

In order to offer to the public a large range of access to space, it will be necessary to develop a
range of offers whose ratio price/product will be very wide. These products will have to coexist
while being reinforced mutually. If we project ourselves in a few years, we could imagine the
market as follows:

DESTINATIONS Number of | Tickets
Customers in euros
Earth Moon space journey Unit 100 000 000
Onboard ISS orbital flight or equivalent | Tens 30000 000
Suborbital vehicle flights Hundreds 200000
Parabolic flights onboard Jet Plane Thousands 3 000
Thematic centres (immersive theatres, Million 30

advanced simulators)

The Cité de I'espace takes position on this last “destination” for several reasons :

- satisfy the public who wishes “to live space” cheaper (a few tens of euros) and to share it with
friends and children...

- join and cooperate with the private operators to bring them customers or services, as well as
consolidate their image...

In fact, since 1997, the Cité de I'espace has welcomed more than 3 million customers interested
and curious in the space world and linked activities.

Since 2005 the Cité de I'espace has developed new immersive tools, especially in 3D, and
means of physical training to the space flight, but also studies ambitious projects in this field.
The Cité de I'espace will be offering soon new space flight simulators. A real “ticket for space” is
being preparing there, in particular with the “Spatioport”.

Beyond the dreams and original experiences, the private space flights will still have for a long
time a risky character, an image of economic inaccessibility and counterparts to put forward in
term of environment and sustainable development. An advantage for everyone will be the
possibility to provide to private space operators the means to offer to the public the way to make
their promise dream come true, on a lower price basis.

The Cité de I'espace, with its new big infrastructures for simulations, will allow this very wide
and shared accessibility. It will also prepare part of these customers to their space tourism
experience to come.
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Spaceport France — A Preliminary Study to Launch
Commercial Suborbital Spaceflights From the
Montpellier Mediterranean Airbus Airport

G. SMITH, R. DEMERSSEMAN, P. PELLETIER,

F. WINISDOERFFER - 3AF

Suborbital space tourism is predicted to be a US$676M market in 2021 that has the potential to
revolutionize private manned access to space. The numerous suborbital space vehicles currently
under development will require commercial spaceports for ground and flight operations
commencing in the 2009-2012 timeframe. The authors propose the airport of Montpellier
Mediterranean in southern France as an ideal location for suborbital spaceflight operations.

Several key points support the development of Spaceport France:
1. Proximity to potential spaceflight passengers vacationing in upscale locations in the
Mediterranean basin
Vehicle flight paths directly over the unpopulated Mediterranean Sea
Good climatic conditions permitting reliable launch scheduling
Existing multimodal transportation infrastructures facilitating access
Significant frequentation of the region by "terrestrial" tourists wishing to witness a
launch event

arwN

This paper will investigate historical studies concerning orbital launch complexes in the same
region, present commercial and technical arguments supporting further financing and feasibility
studies, describe actions and progress to date, and evaluate the competitive market for
spaceports in Europe and the World.

A secondary purpose of this paper is to raise awareness regarding establishment of a commercial
spaceport that is complementary to the Guiana Space Center while being more visible and
accessible to European citizens. Greater involvement in space exploration by the tax-paying
public, through activities available at a nearby commercial spaceport, will hopefully lead to
broader support of European space exploration goals.
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Building the Next Generation of Spaceports
G. GARCIA CUADRADO - CTAE

Ports are of paramount importance to boost the economies and industries of the regions and
countries harbouring them. Among the family of ports, Seaports were the first ones dating back to
ancient times; then there came Airports and the most recent incorporation to the family of ports
has been that of Spaceports. Today, almost two dozen active spaceports exist worldwide but only
some of them have capabilities to launch people. The latter may significantly change in the next
decades with the flourishing of initiatives aimed at commercial private access to space.

Although members of the "ports" family have much in common, all involving transportation of
cargo (goods and/or people) to distant locations, providing protection from the environment, and
having facilities for processing cargo, vehicle maintenance and traffic control and navigation, all
do also have specific infrastructures and operation methods of their own, spaceports not being an
exemption.

This speech will be splitted down into two main parts: in the first half, an overview will be given on
spaceport general infrastructure; a list on important considerations to take into account when it
comes to designing a spaceport; and special attention will be paid to advanced concepts and
technologies to be implemented to design the spaceports of the future. The second part, will give
a state of the art of current and future initiatives for developing the next generation of spaceports
for private commercial access to Space.
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Plans to Operate a Commercial Suborbital
Spaceport in Caribbean
A.A. WIELDERS - Space Horizon

In view of the strong growth opportunities for suborbital and orbital human spaceflight we
present the plans to build and operate a commercial suborbital spaceport on one of the islands
of the Dutch Antilles in the Caribbean. Spaceport Caribbean will provide to its launch providers
all the necessary facilities to perform a safe and reliable flight schedule. Hangars, maintenance
workshops, suborbital space control building, terminal building for spaceflight participants and
visitors, propellant and fuel depots and more will be available for the launch provider for a
reasonable prize to ensure a strong competitability for the customers of the spaceport. Due to
the phased development approach the spaceport can become operational in a reasonable
timeframe. Spaceport Partners are currently in discussions with companies on the island, local
authorities and the government of the Kingdom of the Netherlands. Launch permits and licenses
are currently being negotiated with the Dutch authorities under a new law of commercial space
activities. Spaceport Caribbean has the advantage of having a mature and full-fledged touristic
infrastructure available to accommodate not only spaceflight but also other activities related to a
relaxed and luxurious Holiday. Spaceport Caribbean will also accommodate events related to
aerospace to enhance the visibility of the spaceport to increase the number of people visiting.
The spaceport will focus in the first phase in one suborbital private spaceflight provider and
discussions are in a preliminary phase with a few possible partners. The spaceport will in a later
stage provide launch facilities for more than one provider making use of the expected growth in
market and the number of launch providers. Our paper will discuss the economical analyses
and the development plan leading to a viable commercial spaceport in the Caribbean.
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Spaceport Sweden — From Idea to Reality

Issues to Consider
S. GRAHN, O. NORBERG - Swedish Space Corporation
B. JAEGTNES - Progressum

In Kiruna in northern Sweden most facilities for suborbital personal spaceflight are already at
hand. The Esrange Space Center with all its infrastructure and support facilities, restricted
volumes air and space, a suitable airport with ample hangar space and a local tourist industry to
take care of accompanying persons and the private space explorers’ all recreational needs.
Thus, the Swedish Space Corporation, (who operates Esrange), Kiruna Airport, and the
IceHotel have joined forces to develop their joint facilities into Spaceport Sweden.

Despite this entire available infrastructure to support both winged and vertical-take-off
vehicles there are many detailed issues to consider before the first personal spaceflight occurs,
hopefully within five years. These issues include the modalities of operating a winged space
vehicle from a civilian commercial airport; for example how to mix a glider with airline traffic.
Also important to address is the relationship between personal spaceflight and Sweden's space
law. How do suborbital vehicles for personal spaceflight compare with sounding rockets in terms
of trajectory, range safety and a permit to fly? A peculiarity of Sweden's space law is that it does
not cover sounding rockets, which are handled by a legal regime pre-dating the UN Outer
Space Treaty and the Liability Convention. So, how will it handle suborbital vehicles for personal
space flight? The space law protects "third parties" but who protects the space flight
participants?

These are as yet unsettled issues as well as the matter of obtaining a license to fly winged
space vehicles through the atmosphere in controlled airspace. The legal framework for aviation
in Europe has not yet specifically addressed personal spaceflight, and interim solutions may
have to be found in preparation for a more comprehensive legal regime. Commercial conditions
for personal space flight like sales tax and fuel tax are country-specific in Europe. However, in
Sweden interesting comparisons can be made with commercial hot-air ballooning.
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The Need for Commercial Risk Reduction Proposal for a Regulatory
Evolution in Commercial Manned Activities in Outer Space
C. STOTT - A. CARTIER - Excalibur Almaz Ltd.

Public interest has to be served by creating a clear legal, regulatory safety regime and
certification / licensing for commercial human spaceflight carried on by private
companies.

In that context, the necessary regulatory evolution in the field of private manned
activities in outer space needs to be focused on, and most specifically suborbital and
orbital manned flights. Merely focusing on the technical aspects at the moment, these
programmes raise crucial regulatory issues yet to be addressed.

To make a parallel, the satellite industry has been heavily involved towards solving
regulatory issues such as insurance, liability and the launching of precious (expensive)
cargo. The private manned space programmes could benefit from the satellite industry
pragmatic regulations.

The latest U.S. private spaceflight bill paves the good direction.

From an entrepreneur's point of view, however, it does not go far enough in order to
adapt space law to business needs.

The need for commercial risk reduction will be underlined. Some of the obstacles will
be identified such as: market access restrictions, legal and regulatory constraints etc.

This paper will further expose ideas on sustainability of commercial space transportation
in order to propose legal and regulatory changes.
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Private Human Access to Space

Legal Challenges And Possibilities
T. MASSON ZWAAN - International Inst. of Air & space Law
S. FREELAND - University of Western Sydney

Probably the single most important element in the ongoing evolution of humankind’s activities in
space is the development of technology capable of transporting large numbers of passengers
into outer space on a commercial basis. Within the foreseeable future, space will no longer be
the sole domain of professionally trained astronauts or the exceptionally wealthy. The
successful launch of SpaceShipOne in late 2004 to an altitude of over 100 kilometres twice in
seven days has demonstrated that the technology for larger-scale commercial human suborbital
flight has arrived. Other even more ambitious proposals, involving orbital travel, hotels and
various space adventures, have captured widespread imagination as entrepreneurs, scientists
and industrialists conceive of further value-added products designed to enhance the overall
space tourism experience.

The prospects for both suborbital and orbital space tourism give rise to some interesting and
conceptually difficult legal questions. It also opens up an exciting opportunity to develop a
system of legal regulation to properly deal with these activities. The existing international legal
regimes covering air and space activities are not well suited to large scale commercial access to
space, largely because they were developed at a time when such activities were not a principal
consideration in the mind of the drafters. The lack of legal clarity represents a major challenge
and must be addressed as soon as possible so as to provide for appropriate standards and
further encourage (and not discourage) such activities.

This paper will examine some of the more pressing legal issues associated with the regulation
of space tourism activities. Questions involving liability, safety standards, traffic control and the
legal status of tourists are just some of the myriad issues that require careful thought. These
considerations are all the more complex when seen in the light of Article 1 of the Outer Space
Treaty of 1967, which states that the “exploration and use of outer space [...] shall be carried
out for the benefit and in the interests of all countries [...] and shall be the province of all
mankind”. This raises even broader ethical questions about whether there should be limitations
as to the types of activities associated with human access to space and what these might be.
An appropriate balance must be found between the commercial and technological opportunities
that will arise and the principles upon which the development of international space law have
thus far been based.
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Private Manned Space Flight — Navigating the
Intersection of Public International Law and

Commercial Law Regimes

R. OLOFSSON, M.J. MECHANICK — White and Case LLP

To date, legal matters related to space exploration activities, including manned access to space,
have been primarily governed by a conceptual framework grounded in principles and
considerations of Public International Law, which has traditionally been oriented to matters of
State action and State responsibility. But with the advent of private manned space flight
activities, a second legal regime, in which the prevailing conceptual framework is based on the
application of commercial law principles and considerations as they relate to private sector
activities, will also come into play. The manner in and extent to which these different legal
regimes intersect, particularly with respect to those critical operational matters in which
governmental interests are implicated as well, will profoundly affect the ultimate viability of
private manned space flight activities.

While it may not be feasible to definitively resolve every possible legal question raised, the
principle objective of this Paper will be to develop a general framework to assist in the
identification of the major issues arising from the overlay of these two legal regimes. In doing
so, specific consideration will be given to the following subjects: (1) a review of the UN Outer
Space Treaties and the accompanying Principles adopted by the UN General Assembly that are
currently in force, which have previously provided the Public International Law underpinnings for
matters related to manned access to space; (2) identification of key commercial legal
considerations affecting such operational matters as licensing, technology transfer, national
sovereignty (crossing of national borders and airspace control), limitations on legal liability and
related risk management, and environmental impact; and (3) analysis, as appropriate, of
relevant legal precedent from related fields, including aviation and the provision of commercial
satellite communications services.
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Attempt of Identification of the Legal Framework
Potentially Applicable to Manned Suborbital Flights
S. DEVOUGE - Marsh SA

The development of manned suborbital flights activities leads to a number of questions relative to
the determination of the applicable legal framework, which doubtless is not limited to the only
distinction: space law - air law.

First of all space law, according to the various international Treaties, concerns only the risks
related to the civil liability of the spatial operators, in case of damages caused to third parties
(others than the participants of the considered spatial operation) because of the implementation
of a spatial activity.

Regarding air law, there are several possible queries - international or domestic flight? Air
transportation or other air operation? — which could potentially impact the civil liability framework
of the suborbital flight operator and then so impact the insurability of the activity.

These two legal frameworks which have for advantage to be relatively unified at an international
level should not occult the several different domestic laws likely to have a potential impact on this
activity.

By way of example, in France, the legislation relating to tourism could also see its provisions
applying to manned suborbital flights with consequences regarding Legal Liability (unlimited and
automatic liability of the travel agency and/or the tour operator selling and/or organizing the
“package travel”) and insurance obligation.
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Suborbital Flights with Entertaining Purposes :
Legal Considerations
A. FARAND — ESA

Ce n'est que tout récemment que des projets suffisamment réalistes, ayant recu I'appui
d’investisseurs sérieux, ont été congus pour offrir au public la possibilité d'avoir acces a
I'espace, au moyen de vols suborbitaux opérés a des fins récréatives.

Afin de mieux comprendre les implications de cette activité sur un plan juridique, il faut chercher
a répondre aux questions suivantes : (a) est-ce qu'il est proposé d'opérer cette activité dans
I'espace aérien d’'un pays donné, ou alors dans I'espace extra-atmosphérique, ou dans les deux
selon qu’'on se trouve dans telle ou telle phase de cette opération ? (b) utilisera-t-on un avion,
ou une veéhicule propulsé par une fusée, ou un véhicule hybride selon les différentes séquences
de vol ? (c) est-ce que cette activité suppose [l'utilisation d’'un seul aérodrome, ou de deux
aérodromes, pouvant étre situés dans deux pays différents dans ce dernier cas ? et enfin (d)
peut-on qualifier cette activité de véritable transport de passagers ou plutét d'une activité
récréative risquée, ou alors s’agit-il de quelque chose qui s’apparente a ces deux types
d’activité.

Les lois et réglements qui régissent les activités menées dans I'espace aérien d'un état donné
s’appliqueront certainement aux activités de tourisme spatial menées dans cet espace aérien. Il
est difficile d’apprécier dans quelle mesure le vol suborbital se verra appliquer en plus des
régles découlant du droit de I'espace, sachant que ces regles prennent leur source surtout dans
les obligations auxquelles les états ont souscrit dans des accords internationaux et trés
rarement dans un corpus de lois et reglements conférant un caractere obligatoire a ces régles
en droit national.

En plus de pourvoir a I'octroi de permis et certificats conformément a son role réglementaire,
certains organismes publics responsables de différents aspects de cette activité dans le pays
concerné — par exemple celui déja compétent en matiére de transports aériens - pourraient étre
amenés a fournir, a titre onéreux, des services essentiels a I'opérateur de vols suborbitaux,
notamment les services aéroportuaires et de contrble aérien.

Egalement, le caractére particulier de I'activité de tourisme spatial nous permet d’envisager le
développement de dispositions types pouvant servir de base a des arrangements contractuels
sui generis entre les passagers-clients et les opérateurs concernés, ou les agents représentant
ces derniers. Par exemple, les contraintes liées a I'entrainement des passagers-clients et les
normes de conduites applicables aux participants aux vols suborbitaux dans les différentes
phases de I'activité de tourisme sont deux sujets qui devraient, de préférence, étre traités par le
biais de ces arrangements contractuels.

Finalement, on peut se demander dans quelle mesure les régles applicables aux grossistes en
voyages ou aux agents de voyage au titre de ce que I'on désigne comme étant le droit des
activités touristiques et récréatives, ou encore le droit des consommateurs, peuvent étre
applicables a I'opérateur de vols suborbitaux ou a ses agents.
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Operationnaly Responsive Space : How the Space
Tourism Industry Can Work with Government
K.R. McKEE J. GREASON, D. GRAHAM — XCOR Aerospace

Although the U.S. defense and private sector space needs focus on different end results there
is still overlap in something called “Operationally Responsive Space.” The entrepreneurial
Space industry is focused on providing operations with low cost, high reliability, higher flight
rate, shorter lead time, lower maintenance, and smaller ground crews. In January 2006 industry
leaders issued a consensus statement on how industry and government can align their
resources to build a coordinated effort to focus on reusable spaceplanes. In parallel, the US
Department of Defense has embraced a Plan for Operationally Responsive Space to “ensure
that actions in space are responsive to the warfighter.” Congressional action in 2007
established a U.S. Policy on Operationally Responsive Space (ORS) and authorized DoD to
establish an ORS office with the mission to “develop low-cost, rapid reaction payloads, buses,
spacelift, and launch control capabilities.”

As an example, the US Air Force needs to measure how various kinds of technology or system
changes improve operational responsiveness. These can be modeled, but there is little data to
validate the models. The USAF does not currently have an operationally responsive rocket-
powered vehicle. They have rocket powered vehicles (Atlas, Delta, Pegasus) that are not
operationally responsive. They have operationally responsive vehicles (F-18, B-2, F-22, etc),
but those vehicles do not fly in space, nor are they rocket powered.

The state-of-the-art for operational responsiveness in rocket-powered vehicles resides mostly in
proposals to add technology advancements such as integrated system health management
(ISHM) into large, high performance systems. There also have been several early-phase
programs to build and fly operationally responsive launch vehicles, none of which have resulted
in robust spaceflight hardware. Historically the AF has had Xvehicles expand the performance
envelopes. The X-1 and X-2 series gathered information on supersonic flight, and the X-15 was
famous for extending flight data into the hypersonic regime.

At this time, XCOR Aerospace is the state-of-the-art in operational responsiveness of manned,
rocket powered vehicles, albeit with an airframe limited to subsonic speeds (195 knots Vne) and
moderate altitudes (11,500 ft). We have demonstrated 3 hour turnaround time and two sorties
per day with the EZ-Rocket. Development tests of the X-Racer have substantiated quick fill of a
LOX tank that will support a ten minute turnaround time. Admittedly these vehicles are smaller
and less capable than that required for the USAF's missions. However, these vehicles and
XCOR'’s suborbital vehicle, which is now in development, can provide the DoD with lessons
learned, and are operationally closer to reusable space access than any government vehicle.
What industry can offer is a highly operable small rocket system incorporated into a new small
supersonic airframe, which will operate as a small, lightweight, low cost X-vehicle designed and
built to collect operability information instead of pushing a performance (speed, altitude, agility)
unknown. A commercial space launch company can offer a vehicle test bed that the US DoD
can then use to establish a baseline for the parameters that drive operational responsiveness.
XCOR envisions a rocket powered vehicle with “aircraft-like” space launch operations that will
have the ability to do multiple flights per day at high altitude. It will have rapid ground turnaround
time, low operations cost, and reasonable reliability. In many ways, it is similar to previous
demonstration vehicles, such as the EZ Rocket and X-Racer, but with much higher
performance.
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Base Drag, Landing Propellant and Genetic
Algorithm Vehicle Optimization for Suborbital
VTVL Rocket Vehicle Trade-off
A. LENTSCH - Orbspace Engineering

Private developments of suborbital manned rocket vehicles are usually constraint by very low
development budgets but nevertheless high safety constraints. Surprisingly many of the
ongoing and proposed developments are based on vertical take-off and vertical landing (VTVL)
concepts. This revives an old discussion: Many studies have been carried out on the question of
vertical versus horizontal take-off and landing of reusable launch vehicles and a conscious
summary would risk to become fairly extensive. This paper therefore focuses on a few selected
design aspects which are considered important for vertical take-off and vertical (powered)
landing vehicles in particular to enable a fair trade-off against winged vehicle concepts. One
aspect concerns vehicle base drag and heating. Suborbital vehicles spend most of their
accelerated flight in the atmosphere, therefore drag becomes a major concern. On the other
hand quite bulky vehicle shapes have sometimes been proposed for VTVL vehicles for instance
Chrysler's SERV, Kankomaru or Blue Origin's test vehicle New Shepard. To enable a good
tradeoff between the advantages of bulky vehicle shapes such as a spacious passenger cabin
and on the other hand avoid excessive performance losses, a good understanding of the
vehicle base drag is required. Calculations are presented which include the interaction with the
rocket jet as well as base heating due to hot-gas recirculation. Another key aspect of VTVL
vehicles is the propellant required for landing, which is sometimes intuitively felt to be a key
disadvantage of VTVL vehicles. Complete trajectory simulations however show that only a small
amount of propellant is required for deceleration and landing. The propellant consumption for
different landing scenarios with varying safety constraints are discussed. To enable a fair
concept comparison, in particular in a trade-off between winged and un-winged concepts, each
vehicle concept needs to be properly optimized. For this purpose an optimization method is
used based on genetic algorithms. This highly robust method allows the simultaneous
optimization of the trajectory (including the return) and several vehicle parameters such as,
engine parameters, thrust profile, vehicle diameter, etc. Some lessons learned are presented.
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Concept Study of Propulsion System for Japanese
Future Two-Stage Semi-Reusable Launch Vehicle
K. AOKI, O. KITAYAMA, A. TAMURA, H. KAWATO, K. OGASAWARA
Mitsubishi Heavy Industries
S. ISHIMOTO, K. FUJII — Japan Aerospace Exploration Agency

Expandable launch vehicles are the main current of the space transportation systems today. As
the next target, for example, “expanding the active area of the space transportation systems”,
“sharpening the competitive edge in a domestic and foreign market”, and “creating a new
market of the space transportation systems” are thought. On the other hand, as the world trend,
there are “reaching the ceiling of the number of satellites”, “developing the post manned
transportation systems”, and “considering the responsible for re-launch”.

Based on the above-mentioned overseas trends, it is necessary to establish the technology for
a ballistic flight by reusable launch vehicles before around 2020, when the market is supposed
to be expanded. Moreover, achieving the manned transportation by reusable launch vehicles
and securing the global competitiveness are also needed.

JAXA, Japan Aerospace Exploration Agency, and MHI, Mitsubishi Heavy Industries, Ltd., are
examining a two-stage semi-reusable launch vehicle as a plan of reusable launch vehicle
systems, based on such a background. In this paper, we show the results and progress of
concept study on the particular problem for the propulsion systems of the vehicle (propellant
management, cryogenic propellant sloshing, and hydrogen leak detection etc.).
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Advanced Solid Propulsion for Private
Manned Access to Space
F. MAGGI, A. BANDERA, L. GALFETTI; L.T. DELUCA
Politecnico di Milano
T. L. JACKSON — University of Illinois

The International Academy of Astronautics (IAA) has recently tasked a dedicated Study Group
from Commission Il (Space Technology and System Development) and Commission V (Space
Policy, Legal and Economic Aspects) to prepare, within a short term, a position paper related to
"Private Manned Access to Space". Being this subject far from most (all ?) of the current
technical activities today carried out at worldwide level, best chances for successful space
tourism initiatives still rely on the traditional and well tested technologies of solid and liquid
rocket propulsion, with a possible additional input from renewed hybrid propulsion.

In fact, dealing not only with sub-orbital, but also with orbital transport systems, large energy
contents are required beyond the levels available by any other acceptable propulsive devices.
In addition, new problems will arise regarding more severe qualification criteria, improved safety
factors, clever trade-off between performance and safety, convenient operational handlings,
possible reusable launchers (soot deposit? engine inspection between flights?), airbreathing
assisted takeoffs, synergies with current hardware, etc. All of these matters — essential for
space tourism initiatives - will deeply impact the present standard procedures and operations
used for space access.

In principle, both hybrids rocket engines and advanced solid rocket motors offer a well adapted
solution to highly reliable and highly safe space transportation. In this respect, while a “new”
hybrid propulsion configuration is proposed in a companion paper, this contribution dwells with
advanced metallized solid rocket propulsion.

Solid propulsion is a mature technology that, generally speaking, grants easy access to space
with less safety issues and complexities than liquid systems. Moreover, the high propellant
density allows the development of compact propulsive units. Foreseeing an increasing
exploitation of solid propulsion for commercial purposes in the near future, there is room for a
convenient optimization of solid propellant compositions. Current performance prediction
capability accounts only marginally, and mainly through empirical relationships, for the
heterogeneous nature of the material itself. It is however well-known that the grain size
distribution of both the oxidizer and the metallic fuel can have profound effects on the ballistic
efficiency of the propellant.

To fix ideas, we will refer to standard AP/HTPB/AI formulations. The combustion of such
propellant generates aluminum agglomerates that float in the combustion chamber towards the
nozzle. If the residence time is long enough, aluminum combustion is completed within the
chamber but the dimension of the products (aluminum oxide) is related to the initial agglomerate
size. This two-phase flow causes a loss of specific impulse due to a thermal and mechanical lag
of the condensed phase with respect to the gas while they are expanding in the nozzle. Also the
impact of the hot particulate against the nozzle can induce a process of mechanical abrasion of
the throat.

Theoretical prediction and real motor behavior can be connected through some empirical
correlations. This approach is quite reliable but requires an extended experimental database to
operate. Also, one may try to control the initial agglomerate size based on ingredient information
(such as powder distribution and mass fractions) and few combustion parameters (such as
burning rate) in order to ease the selection of the formulation. The fire tests would be used only
to tailor the composition.

57



In the present work we propose a method to do that. Basing our idea on a pocket model, we
look for a correlation between the agglomerate formation and the heterogeneous structure of
the propellant. A packing code is used to generate the material model. A 3D statistical tool is
applied to the particle pack and gathers information on aluminum clustering. Using a similar
statistical technique in 2D, we also trace a comparison between slices of a real propellants and
of the generated packing.

The final result is an improved understanding and better performance of solid rocket motors. A
successful approach would open the way to larger specific impulse efficiency and concrete
suggestions as to more effective metallic fuels. Although this paper is only a first step in the
right direction, a good control of agglomeration processes would further enhance the attraction
that the simplicity and promptness of solid rocket motors exerts over space tourism initiative.
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Space Tourism : Interest of Hybrid Propulsion
M. CALABRO — The Inner Arch
L. DE LUCA - Politecnico di Milano
C. PERUT - SNPE Matériaux Energétiques

There is a great number of possible architecture for Space tourism vehicles, New Hybrid
propulsion solutions may offer decisive advantages over its traditional competitors that are solid
and liquid propulsion

As liquid propulsion the thrust level may be easily tailored, stopped and restarted during the
flight that is absolutely mandatory for the passenger’'s safety in case of an aborted flight, but
Hybrid will offer much cheaper and safe solutions (hon cancerigen fuel) and less cumbersome
lay-out. The safety aspect during the flight was probably the reason of the choice of an hybrid
for the Space Ship one , nevertheless the selected solution was not without any drawbacks
(performance, lay-out)

Moreover, to be really attractive, new formulations have to bring a decisive advantage with a
much higher specific impulse. nevertheless these new formulations have to keep the 3 major
ones of hybrids; a safe operating mode due to a very high level of mechanical properties, a
cheap manufacturing process due to a pure fuel solid grain and the capability to be stopped on
demand.

Some formulations appears really attractive with a high burning rate and a good combustion
with or without a large increase of the specific impulse

The present paper describes the efforts, by a joint team of investigators, to reach this objective
by promoting the use of novel energetic ingredients in hybrid solid fuels and will give an
example of application showing the specific advantages in term of performances and
operations versus the other type of propulsion and of hybrids
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TNO Technologies for Second Generation
Space Tourism Vehicles
T. MAREE, H.M. SANDERS — TNO DS

Many private initiatives are started the last 5 to 10 years for developing space transportation
systems for the upcoming space tourism market. A majority of these undertakings aim for a sub-
orbital system, bringing the passengers to an altitude of 100 km and let them experience
weightlessness for several minutes, like Bristol Space Planes Ltd., Scaled Composites/
Spaceship Corporation, Advent Launch Services and EADS Astrium, to name just a few.

It is expected that due to a strong competition, the space tourism sector will strive for best value
to the passenger, in that maximum earth observation and weightlessness time can be
experienced by the passenger at the lowest price. For this the second generation transport
vehicles shall have to go to higher altitudes.

For the first generation sub-orbital hoppers flying to about 100 km altitude, the technical
solutions are state-of-the art, as Burt Rutan has proved with his Space Ship One. A combination
of conventional air-breathing turbo-jet propulsion with rocket or hybrid propulsion will do the trick
to get there, with the right payload capability. Due to the low altitude and velocity, the heat load
during re-entry is relatively low, leading to almost no real thermal protection system. And as the
time in orbit is rather short, the capability of the attitude control system can be low, considering
the required amount of propellant. All these aspects become more an issue if altitude and
ballistic time are increased. The performance of the propulsion system in terms of specific
impulse must increase to keep the mass ratio on track, extra weight will be added due to
required thermal protection and performance of an attitude RCS becomes more important. TNO
Defence, Security and Safety is working on technical solutions on these topics which are aimed
to be safe, low-cost, simple and mature in time. Re-usable and restartable igniters, airbreathing
solid fuel propulsion, metallic thermal protection systems, high performance RCS on green
propellants and experimental heat load verification on scale models are solutions TNO expects
the private space transportation market is waiting for.

TNO develops these technologies using years of experience working for the space launcher
development in Europe, and extensive test experience on existing and new missile propulsion
systems. For industrialization of its technologies, TNO intensively cooperates with the Dutch
and international (space) industry.

This paper presents the current status of the technologies being developed, the impact they can
have on vehicle performance and the planned time-line for technology maturation.
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SESSION N°10
« Legal, Insurance & Regulatory
Risks and Insurances »

Typology of Insurable Risks Related to Manned
Suborbital Fligts as a Space Tourism Activity
S. MOYSAN — Marsh SA

Space Tourism Insurances
D. BENSOUSSAN — Hiscox

Private Manned Access to Space : Space Insurance
Questions but Also a Broader View on

Insurances Matters

P. MIQUET - Risk Management & Insurance Consultant

Space Insurance for Space Passengers
S. GATES, M. RUNGASAMY - Gates & Partners
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Typology of Insurable Risks Related to Manned
Suborbital Fligts as a Space Tourism Activity
S. MOYSAN — Marsh SA

The typology of insurable risks associated with manned suborbital flights as a space tourism
activity is complex, for principally two reasons: the multiplicity of the actors (potential assureds)
involved and the current uncertainties as to the applicable legal framework.

Depending on the projects, the actors typically might include: “passengers/tourists”, travel
agencies and/or tour operators, aircraft and/or spacecraft manufacturers and their
subcontractors, aircraft and/or spacecraft operators and their subcontractors, airport and/or
spaceport operators, air traffic controllers, aircraft pilots and/or cosmonauts,...

The main insurable risks can be broadly divided into four categories: the risks of first party
property damage, the risks of civil liability towards third party, the risks of liability towards the
space “tourists/passengers” for bodily injury including death, and the risks of cancellation,
adjournment and interruption of flight. Can also be added to these categories of risks, the risk of
terrorism (as this risk might be treated separately by the insurers).

There are several different phases of risks: the ground risks (prior to take off or taxiing as the
case may be and after landing ; including the training phase, assembly phase, maintenance and
hangar-keeping phase), the risks during the atmospheric flight (including take off, landing and, if
applicable, taxiing, boarding and disembarking), the risks during the suborbital flight (including
possible “after effects” such as medical side effects).

The management of these risks by way of contractual allocation between the various
participants and by way of transfer of their financial consequences, at least in part, to the
insurance market implies a necessary clarification of the applicable legal framework. Such a
clarification is necessary for the proper contractual framework to be put in place and for the
insurers to be able to properly assess the risk, more particularly so with respect to the liability
risks.
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Space Tourism Insurances
D. BENSOUSSAN — Hiscox

‘Amateurs talk propellant, professional talk insurance’. These were the words of Pete Bahn,
Founder of TGV rockets at the Space Access '07 Conference in Phoenix.

No other statement better reflects the current increased interest within the emerging space
tourism industry on risk management and insurance issues.

Space transportation is inherently risky to humans, whether they are trained astronauts or
paying tourists, given that spaceflight is still in its relative infancy. However, it is easy to forget
this when subjected to the hype often associated with space tourism and the ventures seeking
to enter that market.

The development of this activity constitutes a real challenge as much as a great opportunity to
the insurance industry as the full range of risks is not yet identified and standards, policies and
procedures to minimise/mitigate and cover risks have still to be engineered.

2008 is generally perceived as a bridge year toward the first commercial flights in 2009-2010.
Therefore the time is ripe for entrepreneurs, brokers and insurers to step-in and identify their
respective concerns, requirements and negotiate risk transfer and insurance solutions to
address the burning issues that may otherwise ultimately hamper the industry before it has a
chance to prove itself.

The creation of a viable, affordable insurance regime for future space tourists would therefore
be a critical element in the development of the space tourism market. The insurance industry
has already provided complex and comprehensive cover for such unique challenges as Sea
Launch and non-professional astronauts onboard the ISS. This experience will be useful to offer
innovative, versatile and sensible solutions to space venturers and customers.

At this early stage, it appears that a combination of coverages will be needed in order to answer
legal requirements, economical viability, customers concerns and enable a sound development
and the maximisation of commercial prospects: Spacecraft Hull, Third Party Liability, Space
passenger liability, Personal Accident, Business interruption, Political risks.

We see this Symposium as a fantastic opportunity to gauge and stimulate the interest of the
space community. In this view, we will analyse the most stringent issues challenging future
buyers and sellers of insurance covers, among them:

- ldentifying the risk: Is it aviation or space risk, an amalgamation of both or new category?

- Assessment and valuation of the risk: How will insurers set rates given that availability and
pricing of the cover will be dependent on the vehicle safety and reliability record? How to
deal with the limited amount of revenue in relation to the small number of risks, infrequency
and volatility in operations? How should a disaster be handled when it strikes?

- The influence of existing and future legal/liability regulations: Does regulation help or hurt?
Will regulations withstand legal challenge? Passenger contracts?
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Private Manned Access to Space : Space Insurance
Questions but Also a Broader View on
Insurances Matters
P. MIQUET - Risk Management & Insurance Consultant

The anticipated development of private access to space will be essentially provided by reusable
vehicles. Entrepreneurs intend to market regular sub orbital flights at significant lower prices
than what is today the norm for expendable launch vehicles, even with taking into account the
lower orbits. Each company will probably start its business with a unique type of launch vehicle.
The targeted market is wealthy individuals which will pass a medical examination, although
accelerations will not exceed what can be endured in as roller coaster like Disney Space
Mountain.

This brief description of the space tourism business is sufficient to identify a number of
insurance issues as follows:

1)

2)

3)

4)

5)

6)

Will the industry be able to demonstrate a reliability level such that the space insurers
will provide launch, sub orbital free flight, and re- entry coverages at acceptable
premium rates?

Do insurers expect regulations of the business to facilitate their acceptance of the risks,
such as limitations of liability, or are they more or less sceptical towards such
regulations?

The risk of loss of life might be covered by personal accident type cover to compensate
the estate of the deceased passenger, but what about the losses of other parties
conducting business with the deceased passenger: sponsors, movies producers,
professional sport clubs, etc. Is there a possibility that any kind of limitations of liability
or informed consent document be overruled by a jurisdiction?

Large airlines can sustain a grounding of a part of their fleet, but usually buy coverage
to limit the resulting losses. A grounding decision may kill a space tourism private
venture which will rely on a unique type of vehicle: is this insurable?

As regards the medical screening or vetting of the passengers, is there a case for
medical malpractice litigation: undiagnosed health problems seem to be the main cause
of the 7 fatalities which have occurred in Disney parks roller coasters. On the other
hand, but of course not so critical, what about wrongful vetting of a passenger?

What about the risk of landing in a hostile country due to aborted mission (although it
may be technically not an issue). Is there a case for political insurance coverage?
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Space Insurance for Space Passengers
S. GATES, M. RUNGASAMY - Gates & Partners

Whilst there is a lot of excitement and activity taking place in the area of space tourism, there
remain several fundamental hurdles to the successful evolution of space tourism to profitable
operations. Two of these hurdles are insurance and an effective legal framework which are
inextricably interlinked.

Whilst some progress has been made in the US, Europe will need to rapidly respond to the
challenges to avoid being left behind.

The availability of a viable and affordable insurance regime for space tourism companies is key
to developing the nascent space-tourism industry. Passenger flight presents significant risk
exposure: death/injury to occupants or third parties, damage or destruction of the vessel. The
question is how to cover these risks. Insurance companies' confidence in assessing the risks
involved in the new services will depend on statistical data and the applicable liability regime. In
its early stages, the small scale of the space travel industry and the limited statistical base will
not be sufficient to permit insurance calculation as to the actual risks involved in each flight or
with each operator with high confidence. In these circumstances, the ability to limit the
operator’s liability is vital. A clear liability regime would help insurers to assess the risk
parameters more easily and thus assist the development of an insurance market. The market
would be best supported by a liability regime that covers all space transportation.

However, as yet liability issues have not been fully considered let alone resolved. Major issues
are:

a) where does aviation law end and space law begin?

b) where space law applies, whether it provides an adequate liability regime?

Going forward, there is a pressing need to develop a multilateral framework that covers all
aspects of passenger transportation in space and can be easily amended in the future as the
industry develops: just as has been the case with air transport.

Whilst the US Government has attempted to form a legal framework that shields the industry
from many liability-related issues by the Commercial Space Launch Amendments Act 2004,
many aspects of this Act need further development and it may only offer limited practical
protection for an operator. Europe will need to respond by developing similar legislation.

In the absence of such legislation, whilst insurers can limit their exposure (for example, per seat
limits of liability) operators cannot ensure that they have limited liability — which leaves the
operator vulnerable to a claim which could destroy their operation.
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SESSION N1
« Legal, Insurance & Regulatory
Regime & Users Status »

Who is an Astronaut ? The Inadequacy of
Current International Law
F. LYALL — Univ. Of Aberdeen

Space Tourist : The New Ambassadors of the
Common Heritage of Mandkind Principle?
A. FROEHLICH - Inst. of Air and Space Law
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Who is an Astronaut ? The Inadequacy of
Current International Law
F. LYALL — Univ. Of Aberdeen

The present international treaty regime as to space was negotiated at a time that private
manned access to space was not thought of outside of science fiction. The concept of
‘astronaut’ in the Agreement on the Rescue of Astronauts, the Return of Astronauts and the
Return of Objects Launched into Outer Space of 1968 and elsewhere does not fit well with the
various commercial proposals for space tourism that are presently available.

Perhaps this is unimportant, since national laws will apply to the current proposals for space
tourism. Notwithstanding, suggestions will be made as to how the international legal regime
should be reconsidered in the light of potential commercial developments.
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Space Tourist : The New Ambassadors of the
Common Heritage of Mandkind Principle?
A. FROEHLICH - Inst. of Air and Space Law

The beginning of outer space activities was characterized by unmanned space flights which
carried out set projects under the control of state run earth observation stations. The first
manned space flights followed suit, staffed with a few, carefully selected persons on board who
were trained intensively prior to their mission. They were considered "envoys of mankind",
envoys of terrestrial civilisation and culture.

With the increase of private space activities (private missions as well as participation of private
persons at flights initiated by government organisations) the question must be raised whether
these individual space tourists can be considered "envoys of mankind" in space as well.
Currently, there are only few, well selected paying guests on board of several shuttles. Thus,
their activities can be overview comprehensively. However, mass tourism on earth started off in
a small way as well and got out of hand in quite short time as rules for the control of negative
effects were set up only retrospectively. With the growth of space tourism (space hotels are
even under consideration), the question arises whether mankind has learned from the
experiences of terrestrial mass tourism and thus any potential undesirable development can be
prevent beforehand.

From a legal point of view, it is crucial whether those space tourists are considered "envoys of
mankind" even if space tourism might be available to the broad masses one day (e.g.
availability of flight ticket in food discounters). Can the term "envoys of mankind", which
originates from the area of diplomacy, be applied to all of them? The space tourisms organisers
will certainly agree due to marketing aspects in order to increase sale of their utterly expensive
flight tickets. However, this term needs to be analysed from a legal point of view.

Additionally, it is mandatory to evaluate to which extent international space relevant agreements
(concluded between states) can be applied to commercial space tourism in order to protect and
respect the heritage of mankind. What are the limits to private use of space? The ‘Outer Space
Treaty' clearly states that "the exploration and use of outer space shall be carried out for the
benefit and in the interests of all countries and shall be the province of all mankind" and the
Moon and other celestial bodies shall be used exclusively for peaceful purposes. How can this
treaty be applied to private activities? Which superior power is set up to ensure proper conduct
on board and in space, especially for private launches or sea launches? Are current legal
frameworks sufficient or are special charters needed in order to protect the moon from the
civilization of the earth?
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The Disruptive Potential of Space Tourism
D. SALT, J. LERCH — VEGA IT GmbH
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M. HEMPSELL - Bristol University
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and Forecast
V. ZILIOTTO — ESA/ESTEC

Commercial Operations Concepts and Considerations
For Business Planning in Suborbital Space Travel
S. ADLEN, C. DRUCE - VEGA Group PLC

An Analysis of Supply Chain Constructs in the
Commercial Space Access Industry
C. REMILLARD - Delft University

The Galactic Suite Experience
X. CLARAMUNT, G. GARCIA CUADRADO, M. GIFRA, M. ZABALLA
Galactic Suite

Building a Business in Operationally Responsive Spa ce
B. ESPOSITO, S. ADLEN — VEGA Group PLC

Spaceport Sweden — Open for Business
O. NORBERG, S. GRAHN - Esrange Swedish Space Corp.
B. JAEGTNES - Progressum
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The Disruptive Potential of Space Tourism
D. SALT, J. LERCH — VEGA IT GmbH

After more than half a century of spaceflight, our activities in space are still limited to a relatively
small set of markets driven mainly by government funding. Worse still, all human access to
space is restricted to a few people flying very infrequently to a single destination. Contrasting
today’s reality with the high expectations of the 1960’s — as epitomised in Stanley Kubrick’s film
“2001: A Space Odyssey” — begs two questions: what went wrong and how can we fix it? The
objective of this paper is to address these questions and, in doing so, indicate how the nascent
space tourist industry may help us realise past dreams by enabling a paradigm shift in our
space-based activities. We begin by identifying the key factors and trends that have driven our
progress in space over the past half century. Each decade can be shown to be characterised by
specific issues such as national security and conservation of the industrial base, while much of
the slow growth of commercial ventures can be attributed mainly to market and financial
constraints, rather than any basic limitation of the available technology. Having gained an
understanding of the factors governing both past and current spacebased markets and
activities, we then consider the range of future possibilities and identify the main reasons why
they have not yet been realised. Our assessments lead us to conclude that a large number of
the restraining factors can be traced directly to launch systems and, more specifically, to their
cost, reliability and availability. Based upon this understanding, we then consider the ways in
which these limitations can be overcome by the potential benefits of reusable launch systems.
However, we also highlight the inherent challenges that must be overcome before such systems
can be fully realised and show that both market and financial issues play just as important a role
as the obvious technical ones. It is in this context that we introduce the idea of “disruptive
technology” and explain how the relatively simple systems that are being developed to service
the nascent sub-orbital markets could provide a relatively direct and economically viable
evolutionary path towards attaining orbital systems that are capable of capturing current
commercial markets. Finally, we look briefly at the ways in which this kind of paradigm shift
could impact government and commercial markets, both current and future. This suggests that
such systems could enable a commercially driven expansion of our space-based activities,
which is likely to evolve in a more rapid and sustainable manner than any government funded
programme. Nevertheless, we do note the degree of speculation involved in this assessment
but conclude that there are still some genuine reasons to be optimistic about our near-term
future in space.
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A Phased Approach to Orbital Public Access
M. HEMPSELL — Bristol University

Many proposals for space tourism start with an assumption that a special infrastructure needs to
be put into place before the operations can begin. An approach that has the problem of the
“investment trap” by which the rate of return when the business is revenue earning never
produces profits large enough and quickly enough to repay the heavy investment needed to
acquire that infrastructure. Thus there is some doubt as to whether successful business can
ever be established on this basis. Yet successful space tourism businesses do exist but all
these have exploited the existing space infrastructure and thus avoided any large up-front
investment and it is argued this should also be the approach for all public access ventures.

The process of advancing public access to orbital space can be significantly facilitated if new
investments in the space infrastructure plan for eventual exploitation by commercial public
access ventures. This does not mean that new developments need heavy extra investment that
in effect subsidising the space tourist ventures, rather it is the intelligent selection of technology
paths that maximise the utility and hence market for the infrastructure element.

The approach is illustrated with a feasibility study of a crew delivery module for the Skylon
reusable launch system. It is shown that an early version tailored to crew delivery to the
International Space Station that incorporating ejector seats and other features suitable for early
operations of a new type of launch system can evolve into a orbiting carrier carrying 20
passengers with operation similar to current air travel and with seat costs in the order of half a
million dollars. The technical details of the feasibility study module illustrate that some early
design choices need to specifically enable the later evolution to happen, but these are not
expensive in the context of the overall module development costs, and none have a significant
impact on the capability during the early utilisation as for ISS support, yet leads to a full
commercial public access capability.

The approach outlined not only resolves the problem of the investment trap for public access
businesses; it also enables proven levels of safety in operations so a full flight certification
philosophy can be employed. Such full certification is unrealistic in terms of expensive and time
for a commercial project developing a dedicated “all new” infrastructure and currently the sub-
orbital businesses following this pattern are relying on a change to normal flight regulations as a
key part of the ventures’ viability.

Public Access to space, which includes not only space tourism but all other non-government
uses of space, is viable as a mass market product. However to make commercial sense the
existing uses of space and the new uses must be seen as just one diverse market with the new
uses growing out of the existing market using a common infrastructure. But this will not happen
by accident the phased approach must be designed into new infrastructure elements from the
development programme’s inception.
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Analysis of the Futron/Zogby Study Conclusions
and Forecast
V. ZILIOTTO — ESA/IESTEC

The 2002 Futron/Zogby surveyl provides an insight into the nascent space tourism industry and
its findings cover demographic information about the potential customers, the perceived positive
and negative features of the space experience and a 20-year forecast of the future demand.
However, major events have occurred since, such as the first successful manned space flight
by a privately funded vehicle, SpaceShipOne in June 2004 and the successful launches of the
orbiting hotel prototypes Genesis | and Genesis Il in 2006 and 2007. In addition, in 2006, a
survey was conducted on-line via the website of Incredible Adventures® to investigate the
market of adventure tourists. Based on the above, this paper therefore contrasts the Futron
conclusions with the current trends of the space tourism industry.

Suborbital market evolution - Despite several comments by space experts about the
meaning of the event’, the winning of the X-Prize by SpaceShipOne captured media attention
and made the general public aware that suborbital commercial spaceflights were not science
fiction anymore. Between 2002 and 2007, the number of reservations with deposit has been
multiplied by a factor of four (note that Virgin Galactic was founded in 2004). Futron forecasted
a service start date in 2006 with an initial ticket price of $100,000, maintained until 2011 and
followed by a linear decrease to $50,000 by 2021 together with a sharp increase in the annual
demand, from an initial estimate of 356 passengers in 2006 to 15,512 in 2021. Although the
commercial service of SpaceshipTwo, the most advanced project to date, is scheduled for the
end of 2009 only, Virgin Galactic’'s 2007 figures already seem to overpass these previsions:
more than 65,000 would-be space tourists have applied for the 100 first tickets sold at the initial
price of $200,000. The following tickets would drop to around $100,000 with weekly launches.
Portrayal of the “spaceflight participants " — At the time of the survey, orbital space tourism
had just “lift off” with the two first self-funding “spaceflight participants” to the ISS, Dennis Tito in
April 2001 and Mark Shuttleworth in April 2002. In 2007, the number of customers has risen to
nine (including two scheduled to flight in 2008 and 2009 and two would-be space tourists
grounded for different reasons). This is not sufficient to generate any statistical data, but makes
possible a rough portrayal of the target customers in contrast with the conclusions of the Futron
market study. It is particularly notable that seven spaceflight participants are entrepreneurs in
the field of technology.

Modelling space tourism market diffusion — The Futron forecast relies on a standard model
used for technological markets and tailored to the space market with specific variables.
However, at the time of the survey, the number of spacecrafts and their annual flight rate was
an undetermined parameter. The only option considered for orbital transfer was the Russian
Soyuz with dedicated flights and the suborbital market was assumed to be able to handle the
demand without any supply constraints from the first year on. These previsions can now be
refined with new data and events: start dates for the most advanced suborbital projects;
evidence of the existence of a sustainable orbital spaceflight market using existing
governmental infrastructures; progress made since 2006 by the winning projects of NASA
COTS program such as the SpaceX Dragon capsule that may increase the viability of space
tourism by replacing it in the context of a mixed cargo/personnel market”.
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Commercial Operations Concepts and Considerations
For Business Planning in Suborbital Space Travel
S. ADLEN, C. DRUCE - VEGA Group PLC

The concept of the everyday person undertaking sub-orbital space travel is exciting, yet filled
with many unknowns. In many ways it is similar to the early design and development of
commercial jet aircraft operations. One of the challenges today is to develop solutions for all of
the supporting elements, associated with the actual flight, which will allow returns to be
maximized. Developing a commercially viable concern will require new ground facilities and
operations concepts that will impact business planning. In developing operations concepts, sub-
orbital travel can utilize best practice from both the space and commercial aviation domains.
VEGA Group has been working on developing solutions to operational planning problems by
combining specialist knowledge from these areas. This combination facilitates the development
of technically excellent solutions that also incorporate best practice customer care and
commercial efficiency. Our goal is to develop viable solutions to support the development of the
industry. This paper explores ideas aimed at optimally addressing the main operational
challenges to sub-orbital travel and how they will impact business planning.
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An Analysis of Supply Chain Constructs in the
Commercial Space Access Industry
C. REMILLARD - Delft University

The consumer space access market is quickly becoming reality. Services are likely to be
available in the 2009-10 timeframe, but already several companies are accepting deposits. The
focus is often on the vehicles that are being developed, but a successful tourism venture
requires much more - travel agents, ground and flight operations, training, certification,
marketing, and a whole host of components and subsystems. This paper considers the
emerging supply chains of the private space access industry in both the upstream and
downstream directions in order to arrive at a model of value flow through the industry. The
perspective of analysis is two-fold. In the upstream direction, similar industries are analyzed for
patterns in outsourcing of components and operations. This leads to a strategy for leveraging
the existing aerospace industry's knowledge and distributing new product development (NPD)
risk. In the downstream direction, the pertinent research is summarized and proposals for
marketing space access services are categorized. A confrontation matrix is constructed for the
relevant markets, from which is drawn a series of strategies for effectively exploiting those
markets through direct-to-customer, brokered, and purchasing channels.
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The Galactic Suite Experience
X. CLARAMUNT, G. GARCIA CUADRADO, M. GIFRA, M. ZABALLA
Galactic Suite

Galactic Suite is a multidisciplinar company based in Barcelona, Spain, planning to develop the
first commercial space hotel in orbit around the Earth by 2012. The company has already
finished a 500-page Mission Concept in collaboration with selected experts on the different
topics required to undertake a space tourism project, and an International Advisory Board has
been established meeting on a regular basis. The Galactic Suite Mission Concept Report details
the different elements summing-up to offer a complete experience to the would-be space
tourists, as well as to their accompanying people: from the building-pieces to develop the
necessary legal and regulatory framework to back up the activity, up to the required on-ground
technical infrastructure to support launch, operations and specific training; on-ground
recreational facilities; orbital launch transportation systems; as well as the space hotel's
architecture, systems and subsystems along with specific interior designs compatible with
existing space module technology, but offering to the tourist elements of exclusivity, comfort and
ergonomy in order to maximise the experience. Many of the elements configuring the project
have yet to be selected (as of November 2007), including the orbital transportation vehicle, and
contacts with industry have already started. The company is ready to discuss potential
investment in the development of critical technologies with interested industry. Galactic Suite
has developed in parallel a Business Plan for which fundraising is on the way. The company
plans to initiate the development phase by the end of 2008. The speech will be focused on
presenting the Galactic Suite experience, the philosophy behind it and its future planning and
calendar.
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Building a Business in Operationally Responsive Spa ce
B. ESPOSITO, S. ADLEN — VEGA Group PLC

The majority of private space operators are using sub-orbital capability as an initial stepping
stone to a bigger, longer-term objective. Whilst point to point and orbital travel are major longer-
term objectives, key amongst complimentary revenue streams in the short term is Operationally
Responsive Space (OSR) — a recent, and evolving, military concept that involves the ability to
launch small satellites into low earth orbit. It presently costs $50m-$100m, or more, to launch a
satellite and one in ten launches ends in disaster. Some private space companies suggest that
they can launch small satellites into low-Earth orbit for less than $2.5m, a price which they hope
would see them generating a substantial proportion of their revenues from these services. For
operators, offering responsive satellite launch services makes perfect sense. It helps defray
some of the investment costs of creating a space tourism operation and could ensure more
frequent flights, keeping pilots and ground crews engaged. From a customer perspective aside
from cost, there are also benefits of launch flexibility both as regards time and location. Whilst
there are clear benefits to the responsive launch services proposed, there remain questions to
be answered regarding the market that can be developed. Despite the benefits compared with
existing options, how many people will use it? The big questions are the payload challenge,
developing a useful satellite within the weight limitations imposed by the launch capabilities, and
hence how to develop a customer base. Regardless of the concept, providers will need to
launch a significant number of satellites per year and a diverse customer base will be needed.
Innovation will almost certainly be required in developing a community of potential users. Aside
from military uses, the commercial arena might see roll-out of brand new operational concepts
opened up by the availability of small satellites with a low price point. One established example
is the possibility of LEO constellations with short lifespans, high replenishment rates and flexible
specifications to meet increasingly diverse user needs. What is certain is that the concept will
be relatively new -- involving launchers, satellites and ground segments -- and whatever the
notion, there will be a number of salient issues to be addressed, including:

* Business issues related to rapid response. The business model may see more satellites
manufactured, hence reducing costs, but if these satellites are left to become obsolete in
storage, the benefit is lost. Lean thinking expertise will provide an advantage.
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Spaceport Sweden — Open for Business
O. NORBERG, S. GRAHN - Esrange Swedish Space Corp.
B. JAEGTNES - Progressum

The Esrange Space Center near Kiruna in northern Sweden has been an active range for
scientific and technical suborbital rocket launches since 1966. More than 500 rockets have been
launched in the last 41 years. The range was established by ESRO, predecessor to ESA, and
has been operated by the Swedish Space Corporation (SSC) since 1972.

Kiruna has become a site for research in atmospheric change, such as ozone destruction, using
aircraft and stratospheric balloons. Kiruna Airport has been the base for the aircraft campaigns
and has developed the expertise and infrastructure to support demanding and unusual flight
operations. A huge hangar, the Arena Arctica, with a floor space of 5000 square meters and
fully equipped with flight support functions was built in the early 1990s.

Due to its unique geographical location in Europe’s last wilderness, with spectacular northern
lights in the winter months and midnight sun in the summer, Kiruna has also become a popular
tourist destination. With the addition of the IceHotel in 1990, tourism was taken to a new level.
The hotels, restaurants, and tourism operators in the area are well prepared to take care of
demanding guests seeking adventure in an exotic location.

As the personal spaceflight market emerged, SSC took the initiative to create Spaceport
Sweden in 2006 to offer the services available in Kiruna to operators of spaceflight vehicles. In
January 2007 Spaceport Sweden signed an agreement with Virgin Galactic to perform an
assessment study on performing flights of SpaceShipTwo in Kiruna. This study, covering
everything from operational to legal aspects, is now coming to an end. It has shown that there
are no major obstacles to overcome before commercial suborbital flights with either winged or
vertical launch vehicles can commence. The required infrastructure already exists, and
Spaceport Sweden is indeed open for business for any personal spaceflight operator, either for
permanent or temporary operations.
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Privately Funded Human Space Flight in

the Next Context of the UK’s Outer Space Act
R. CROWTHER, R. SIVALINGAM, A. LUNNON
Rutherford Appleton Lab.

SpaceShipOne completed the first privately funded human space flight on June 21, 2004, and
was developed by Scaled Composites without government funding. On July 25 2007, Sir
Richard Branson announced the signing of a joint venture agreement with Scaled Composites
to form a The SpaceShip Company to build a fleet of commercial sub-orbital spaceships and
launch aircraft. The Spaceship Company plans to make spaceflight affordable for the masses
and to demonstrate the commercial viability of manned space exploration. This first generation
of spaceship systems will be developed for routine, scheduled flight operations. It is anticipated
that as the flight hardware matures, and is operated by competing spaceline companies, many
thousands of people will experience leaving the earth's atmosphere each year. The SpaceShip
Company is one of an increasing number of emerging enterprises seeking to develop a
commercially viable space tourism market. The nascent space tourism market presents a
challenge to regulators with regard to the certification and licensing of the flight vehicles and
their use (both within and outside the atmosphere), both from the perspective of the operator,
the space flight participants, and third parties that might be affected by the operations. The
United Kingdom, and its licensing authority in relation to the Outer Space Act 1986 (the
statutory instrument for addressing UK obligations under the Outer Space Treaties), the British
National Space Centre, is reviewing the issues posed by this emerging sector. The UK
government is obliged to consider how it can best balance its statutory responsibilities with the
need to facilitate the development of this new industry, eliminating unnecessary barriers to
participation. The paper will consider established and emerging regulatory regimes both
national, and international, to deal with the safety and technical aspects of space tourism and
consider these in the context of the UK's Outer Space Act, considering issues such as
licensing, certification, flight authorisation, training, insurance, and indemnification.
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European Regulation for Private Human Spaceflight
in the Context of Space Traffic Management
J. ABOU YEHIA, K.U. SCHROG - European Space Policy Institute

During the past years, also European actors emerged with plans for suborbital vehicles for
private spaceflight and the establishment of European spaceports. Such, the privatisation and
commercialisation of space activities is gaining momentum, showing that space is no longer a
matter that belongs exclusively to States. Indeed, the market of private suborbital flights is on
the verge of becoming a reality. In Europe, so far there is no regulation for this new set of
activities in place. Far from aiming at obstructing the initiatives, regulation will be needed for
safeguarding public interests as well as provide a sound and reliable basis for business
decisions and investments.

This paper investigates the preparation of a set of regulations for Europe. It will focus on the
specific role, which could be played by the European institutions and reflects on the example of
the United States’ regulation in the Commercial Space Launch Act and its amendments,
covering the registration, authorization, certification and delivery of the aerospace vehicles. In
addition, the paper will put such a regime in the context of Space Traffic Management, as an
overall approach for the future regulation of space activities.

After a description of the role, the Federal Aviation Agency (FAA) is playing under the United
States regulation for the use of suborbital reusable launch vehicles (1), existing European
regulation in place and existing institutions are screened in order to find out, whether for
example the European Aviation Safety Agency (EASA) could play a role in a future regime (2).
Effective regulation will, in the future, rest on various regime elements, which will be described
in the following part of the paper (3): the liability regime, the insurance regime, the certification,
the registration, the export control regime or the environmental rules applicable to the activity.
For the suborbital space activity the legal regime has to be build as a hybrid regime taking into
account space law and air law regulations. This will be justified by the criteria of the nature of
the activity. Reaching out for an initially joint European regulation will permit to avoid the threat
to have non harmonised rules in the European Union Member States. The creation of general
space legislations at the national level has revealed different approaches used by each Member
States that could create legal gaps and misunderstanding in their application. A future
regulation for private human spaceflight might avoid such shortcomings from the beginning.
Finally, the paper will put this area into perspective to Space Traffic Management (STM) as a
conceptual approach for dealing with all space activities (4). Since STM will have to cover the
access to outer space, the operations in outer space as well as the return to Earth, the sector of
private human spaceflight will have numerous contact points with STM. These points will be
investigated and the question will be asked, whether a global comprehensive regulatory and
organizational approach merging air law and space law and putting it under the auspices of a
new International Civil Aviation (and Space) Organization, might be an effective model for the
next decades.
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Informed Consent v. ITAR : Regulatory Conflicts
that Could Constrain Commercial Human Spaceflight
P.J. BLOUNT — Univ. of Mississippi Law School

The International Traffic in Arms Regulations (ITAR) are a set of US export controls that serve
as a significant barrier to trade between the US and foreign entities, particularly in the area of
spacecraft systems. Not only are spacecraft systems included in the regulations, but these
systems are subject to a special regime when not being exported to a NATO country or a major
non-NATO ally. Another essential element to the ITAR is the deemed export rule, which holds
that if information on defense items is revealed to a foreign national, whether inside or outside
the US, then an export has occurred.

Potentially, the first private human spaceflights will launch from the territory of the US
with US technology. Rules on these commercial flights have been promulgated and require that
the spaceflight provider give informed consent to “spaceflight participants.” Informed consent
under the regulations requires the provider to disclose an extensive amount of information. The
information that is required for a participant to have full informed consent may be of the type
that is controlled under ITAR, and its disclosure could constitute a deemed export if the
passenger is a foreign national.

If the simple transportation of passengers under the ITAR requires export licensing
under ITAR, then implications for the commercial spaceflight industry are substantial, especially
since tickets have already been sold to non-US citizens. The extra licensing hurdle could have
a crippling affect on the initial viability of the industry.

Through an evaluation of the content of the term “informed consent” under US law, this
paper identifies the potential conflicts between information controlled under ITAR and
information required to be disclosed under the Human Spaceflight Participant regulations. Once
these conflicts are identified, the paper explores whether or not these conflicts can be resolved
through law or policy. Finally, the paper will evaluate the impact these conflicts could have as
the fledgling industry prepares for its initial flights.
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Licensing Regime of the Launch and Reentry
Of Suborbital Planes
S. AKBAR - Inst. du Droit de 'Espace et des Télécommunications

Building a solid and securing licensing regime for the launch and reentry of suborbital planes is
a goal to achieve for both the space area and the future space tourists. A study of the principles
established under international space law then the rules established under national regulations
is needed to promote a new legal regime for this innovative activity.

1- International space law: Transfer to national le  vel

Article 6 of the Outer Space Treaty of 1967 states the principle of the States’ international
responsibility for their nationals’ activities in outer space. The activities carried on in outer space
by nationals, that is to say "non-governmental entities", require authorization and continuing
supervision by the State that holds jurisdiction and control over them.

Private persons that plan to exploit a suborbital plane have to obtain therefore a license from
the State of which they are the nationals.

As international space law gives States the competence to establish under their national rules a
licensing regime, we will first see the case of French law and then the case of American law.

2- French law: An informal framework

If France is considered as a leading space power, French space law has not been established
yet. To be more precise, a bill relating to space operations has been in fact being discussed by
the French national legislative authorities.

Therefore, informal rules have been regulating the relations between the actors of the space
sector. These informal rules result from technical regulations developed by the French national
agency particularly the so-called "CNES Safeguard Doctrine", and technical regulations relating
to security of the systems.

With the bill relating to space operations, the current informal framework will be replaced by a
legislative framework. Actually, the article 4 of this bill establishes a licensing regime for the
launch of space objects. If there is still quarrels on the legal qualification of the suborbital plane,
the study of the rules of this bill is essential and constitutes a source of inspiration for the
creation of a new licensing regime (in case necessary).

3- American law: A complete and detailed leqislativ___e framework

In American law, what is striking is the fact that a complete regulation has been established
under the Office of Space Transportation of the Federal Aviation Administration relating to
private suborbital flights. This particular regulation is in fact the result of several amendments to
the Commercial Space Launch Act of 1984 these last years.

The FAA has established two different licensing procedures. The first one is about the launch
and the re-entry of Reusable Launch Vehicles which require a licence. The second one is the
launch and the re-entry of experimental Reusable Launch Vehicles and Reusable Suborbital
Rockets, which require not a licence but an experimental permit.

To conclude, the purpose of a deeper study is to propose a coherent regime for this new tourist
activity that may one day become massive suborbital transport.
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Crew Safety Design Elements for Suborbital Vehicles
Past Experience and Basic Comparisons
A. LENTSCH - Orbspace Engineering

Crew safety is probably the single most important design aspect of manned suborbital rocket
vehicles. Fatalities would not only cause human tragedy but could put the survival of the
concerned companies at risk by a single event. A good safety record on the other hand would
help to boost the entire nascent industry of private manned space flights. Crew safety depends
on a number of factors: The vehicle design and complexity, failure tolerance, redundancy and
reliability, availability and capabilities of a health management system, the vehicle's abort
capability and the availability of a crew escape system, the use of pressure suits etc. Moreover
safety depends on the vehicle operations and maintenance, crew training and so forth. The first
part of the paper discusses these and other aspects of crew safety. It introduces a
categorization and then puts them into relation for instance by discussing the difficulties of the
implementation of certain elements in the various vehicle concepts (horizontal versus vertical
take-of or landing, jet-engine powered, etc.). The second part of the paper provides a review
over the past experience in crew safety in the fields of high-speed aviation and space flight.
Also some subsystems are discussed. The objective is to learn from past experience, try to
categorize and establish a qualitative evaluation in accordance with the safety system
categorization given in the first part of the paper. Basic calculations then allow for first order
estimations of crew safety for specific vehicle concepts and configurations. Although these
estimations do not provide absolute crew safety information, they do provide interesting insight
how certain concepts and subsystems compare relatively to each other and what weight should
be given to certain elements with respect to their impact on overall crew safety.
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Emergency Rescue System
S. IVANOV, G. POLISHCHUK, K. PICHKHADZE, O. ZAYTSEVA
Lavochkin Association

Most of risks of the manned space flights are caused by extreme conditions and dependence on
reliability of technical means providing the human’s life activity. As a rule the risks are
compensated by some systems protecting the human's body against space flight factors during
all flight phases. Development of safety systems is a foreground task determining the
successful fulfillment of the space flight tasks and saving life and health of the space crew.

All up-to-date spacecraft are equipped with crew safety systems, which are able to solve the
flight tasks in a full scope. However operating experience of the manned space technique has
shown that not always this technique operates with a hundred-per-cent reliability. Element of
chance can cause failures of the spacecraft hardware. Sometimes it results in disastrous effects
leading to crew's death.

Risks minimization becomes the foreground task when the human space flights become
commercial. It is obvious that still more attention should be paid to improvement of existing life
saving systems, and the new generation spacecraft have to be equipped with additional
emergency rescue systems.

Basic element of the emergency rescue system can be a pneumatic device. Emergency rescue
system protects the spacecraft escape capsule against effects of dynamic loads, high
temperature and shock at entry and movement in the Earth’s atmosphere and landing on the
surface.

Before atmospheric entry the crew takes their seats inside the escape capsule which
structurally is a part of spacecraft. In emergency situation the escape capsule is separated from
the spacecraft and the pneumatic device is automatically deployed. Pneumatic device is
equipped with a soft aerodynamic shield providing decrease of g-loads and heat release from
capsule. Base of the aerodynamic shield is a soft envelope of segmental-conical shape made
from a polymer composite material. On the external surface of this envelope a flexible thermal
protection is installed. This thermal protection is impregnated by sublimation coating developed
by Russian experts for Mars exploration program. Shape and dimensions of the aerodynamic
shield are provided by its structure, properties of the polymer material and pressure of gas
inside the envelope.

In its transport configuration the rescue system pneumatic device is compactly stowed in an
isolated volume at the rear part of the escape capsule. In order to increase reliability of the
system, the escape capsule can be equipped with a special parachute system arranged in the
front part of the capsule and deployed during movement in the lower atmospheric layers.

It is reasonable to install the pneumatic emergency rescue systems to all manned spacecraft
regardless of their purpose. Appeal of such systems is provided by their unique technical
parameters and low cost.
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Centrifuge Training as Key Safety in the
Commercial Spaceflight Industry

A. QUINN — Worldview Spaceflight

H. LUPA, A. STEVENS - QinetiQ

Suborbital spaceflight
profiles may nominally
incur gravitational forces
up to 4Gz and/or 4G
during the ascent,
depending on spacecraft
design, and up to 7 Gx
during the descent, once
again depending on
spacecraft design and also
procedures. Will the
general public cope with
these extreme stresses on
the body, especially
considering that the
duress may exceed 90
seconds during ascent
and then again during the descent ?
He emergence of the commercial spaceflight industry has provided opportunities for companies
in regards of design, manufacture, operations and training . Within the latter field, centrifuge
training to facilitate gravitational forces should be regarded as key to a spaceflight operator’s
passenger training programme. Currently, there are no regulatory requirements for passengers
to undertake centrifuge training, with the Federal Aviation Administration (FAA) stating that
passengers should have “emergency briefs”.
This paper examines the role of centrifuge training as part of an effective safety management
system (SMS), including a comprehensive training programme for passengers (and indeed flight
crew) as part of risk mitigation. The justification for centrifuge training will be quantified by
numerical evidence from centrifuge runs carried out on non-military and non-astronaut
candidates in practical runs involving video footage and the measurement of vital statistics. The
paper also presents the view that an effective aerospace medical pre-screening process should
also be considered essential as part of the mitigation process. Effective safety management
would mitigate extreme gravitational forces to as low as reasonably practical by introducing
design features, warning, training, processes and procedures.

The findings of the paper verified the rationale for the centrifuge training, combined with an
effective aerospace medical pre-screening process in assuring the safety of passengers for
suborbital spaceflight. Assessment of each individual's g-tolerance was considered essential
and the subsequent training and techniques were found to be invaluable in the prevention of g-
induced loss of consciousness (G-LOC). It is concluded that prospective spaceflight passengers
should patrticipate in centrifuge training in order to provide both physiological and psychological
mitigation against the extreme environment. It is therefore recommended that Regulators of the
emerging commercial spacefligt industry introduce centrifuge training as a pre-requisite element
of Space Operator’s preparation of their passengers.
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The Reentry Phase of Private Human Access to
Space Vehicles : Questioning or Not?
T. LEVEUGLE, P. PLOTARD - Atmospheric Reentry Association

Following the ARD (Atmospheric Re-entry Demonstrator) success, the Association for the
development of Technologies for Mastering Atmospheric Re-entry (abbreviated to ARA) was
founded on the 22™ of December 1999 on the initiative of the Aquitaine Regional Council,
Bordeaux 1 University and EADS Astrium.

Other industrial and institutional partners: CEA Cesta, Dassault Aviation, SNECMA Propulsion
Solide, ONERA and the INNOVALIS Aquitaine agency, quickly joined ARA.

The objective of ARA is:

- To support research of the technologies related to atmospheric re-entry by developing
exchanges between the academic world and the industry space community including
the governmental agencies and by initiating research program via PHD implementation

- To help and federate re-entry National and European projects.

Knowing that one of the main specificity of the future vehicles related to private manned access
to space should allow to go to space but also to come back to earth with the same manned
vehicle, the re-entry phase should be integrally considered in the mission profile, from
engineering stand point as well as from safeguard stand point.

Since the beginning of the human space conquest, the re-entry segment has been already
considered as one of the major challenge as Apollo, Soyouz and the Shuttle programs have
already demonstrated.

ARA, leaning on his members who have participated to European re-entry projects such as
ARD, Huygens probe and PRE-X/IXV experimental re-entry lifting body, is able to give an
overview about the technical and programmatic challenges of private human access to space
vehicles.

This paper proposes, via a screening of the conceivable vehicles solutions wrt to the re-entry
disciplines such as aerothermodynamics, TPS and flight control, to wonder if the re-entry phase
will be a real engineering difficulty and to highlight some recommendations.
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Dassault Aviation VHS Missions
L. GATHIER, P. COUE — Dassault Aviation

Dassault Aviation is improving studies of the VSH air-launched manned reusable suborbital
vehicle began several years ago. VSH is optimized to bring safely people at the edge of space
(100 km of altitude) to see the curvature of the Earth, the black sky and to experience the
feeling of zero gravity for few minutes. In this paper, we also explore the potential uses of such
vehicle. Alongside to operate the VSH with private space explorers (travel tour, lottery, VIP
flight,..), professionals (science or medias) or institutional representatives, the Dassault Aviation'
suborbital vehicle has been also designed to flight automatically. For this reason, we could also
operate the VSH prototype in an unmanned mode to have "a reusable sounding rocket" for
various missions (observation, science, meteorology, environment survey, etc.).
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The XP Spaceplane
C. LAUER, D. FAULKNER - Rocketplane Incorporated

The XP spaceplane has been in conceptual development since 2000 when the X Prize became
fully funded with its $10 million cash prize. The legacy vehicle architecture of the XP goes back
to 1993 as a reusable first stage spaceplane for launch of small satellite payloads under the
Black Horse / Black Colt studies by the USAF. Beginning in 2004, the XP engineering program
moved from the conceptual stage to a fully staffed and funded engineering and development
effort based on Rocketplane’s success in winning the $15 million “O Prize” investment tax credit
offered by the State of Oklahoma for development of a reusable suborbital launch vehicle.

By 2006 Rocketplane had taken the engineering effort on the Learjet-based four seat XP
spaceplane past the Preliminary Design Review stage and close to Critical Design Review.
After a complete programmatic review and study of the business case and competitive
landscape, the company made a difficult decision to halt further engineering on the four seat
vehicle and instead develop a more capable six seat vehicle with larger payload capacity and
significantly more revenue per flight. This decision added time to the development schedule,
but the improvements to the business case from the extra revenue per flight justified the delay.
Moreover, the competition had also experienced similar delays in program development, so the
Rocketplane goal of being the first to commercial space flight was still achievable even with the
schedule slip.

The increase in performance was achieved in part by moving from modification of the existing
Learjet fuselage to building a new fuselage that was structurally optimized for the mission.
Moving to a pure cylindrical fuselage and using state-of-the-art computerized manufacturing
equipment saved significant weight, while still permitting the structure to be made from
aluminum using well understood analysis and fabrication techniques to assure both vehicle
safety margins and a long vehicle life. The “fresh build” structure optimized for the mission was
augmented by a switch of jet engines from the standard CJ-610 turbojet to the afterburning J-85
turbojet from the F-5 fighter and the T-38 trainer. The increased thrust of the new engines both
shortens the takeoff roll and increases the altitude achieved prior to rocket engine ignition.

At the systems level, almost all of the primary and secondary vehicle systems from the four seat
spaceplane transferred directly to the six seat version with little or no modification. The 36,000
Ibf Polaris AR-36 rocket engine is completely unchanged, as are the avionics and flight control
computer systems. The environmental control and life support systems designed by Paragon
Space Development Corp. only needed a small increase in tank volumes to accommodate the
two extra passengers, while the ECLSS system design remained exactly the same.

The landing gear was adopted from the F-5 fighter, which is also the plane that the afterburning
jet engines come from. Some modifications to the gear assembly are needed, but Rocketplane
has partnered with the gear manufacturer to provide an optimized solution at low cost. The
same principal applies to the electromechanical flight control actuators, which are supplied by
Moog under a similar engineering teaming arrangement based on existing actuators in the
Moog product line.

The primary mission of the XP is to provide commercial human spaceflight. As such, the cabin
design and the passenger equipment including seating, video systems, communications, and
displays, is of critical importance. The design, or “look and feel” of these systems is as or more
important that the functional engineering aspects. Rocketplane has teamed with Frank Nuovo, a
noted industrial designer, to provide cabin design and aesthetic consultation for the XP cabin
interior. Current design studies for the cabin will be presented in the paper.
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The XP is a multipurpose vehicle, so reconfiguring the cabin to also be able to accommodate
science payloads and remote sensing equipment is an important element of the business
model. The XP can accommodate up to 12 standard ISS mid-deck experiment lockers. For
research flights the second and third row of seats are removed and an equipment rack structure
is fastened to the seat attachment rails and upper structural support rails. The cabin volume
created in this configuration is approximately the same volume as in a US minivan with the
second and third rows of seats stowed or removed. The equipment rack structure installed for a
multi-user science flight can accommodate twelve standard ISS single mid-deck locker
payloads, or four double mid-deck locker payloads and four single mid-deck locker payloads.
Custom payload configurations are also possible.

The equipment rack is designed to emulate exactly the interfaces found in an ISS Express
Rack. In addition to emulating the structural interfaces, power, data, communications, cooling
air, chilled water and process gases which are available resources on the ISS can all be made
available to the payloads installed in the XP science rack structure. The total payload capacity
is equal to 1.5 standard ISS Express Racks.

By emulating the current standard payload interfaces found on the ISS, the XP can become a
testing and flight qualification vehicle for payloads designed for long duration microgravity
missions. A Principal Investigator developing an ISS research payloads will typically spend
years of time and millions of dollars in staff cost and hardware development, fabrication, testing
and qualification expenses prior to actually getting the payload manifested for flight. The XP
flight profile is an almost exact match to the flight profiles found on the Shuttle and on the new
HTV and ATV vehicles that will deliver these payloads to the ISS. Peak G loads are around 3.5
G’s axial on ascent and about 4 G’s normal on reentry, while the shirtsleeve environment
pressurized cabin mimics the conditions found in any of the ISS laboratory modules. This flight
envelope thus provides an ideal testing environment for ISS payloads to verify that all payload
systems can function within the G loads and vibroacoustics environment of launch and still
function properly in the microgravity environment. A payload developer who has millions of
dollars invested in a payload will be very motivated to perform such flight tests when the total
cost of each mid-deck locker test flight is on the order of $100,000.

For some microgravity science applications such as fluid physics and combustion, meaningful
experiment results can be obtained in the 3 minutes of microgravity time available, and there is
no need to “graduate” the payloads to the ISS for longer duration microgravity. Some materials
science and life sciences applications including mouse experiments can also obtain meaningful
results in this time, and thus become long-term repeat customers for flying lots of suborbital
missions rather than spending their entire budget on a single ISS flight every five years or so.
This new flight capability is expected expand the market for microgravity research significantly.

Further enhancements to the XP include and external payload accommodation for sensor pods
or carrying an expendable second stage rocket for very high altitude sounding flights or the
launch to low Earth orbit of microsatellites. Remote sensing missions are possible using the
XP’s 100 km suborbital viewpoint to image up to millions of square kilometers of land or ocean
on a “just-in-time” basis. Resource management and agricultural monitoring applications need
precise lighting, growing condition timing and lack of cloud cover to obtain data, and existing
satellite-based imagery providers often cannot capture this data exactly as the customer wants
it. A suborbital remote sensing / reconnaissance vehicle can sit on the runway waiting for
optimum conditions, and only fly when capturing the requested images can be assured.
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Finally, the XP flight profile can be used to boost an expendable second stage rocket and
payload to speeds of Mach 3.5, vacuum conditions and a 100 km launch altitude prior to release
of the payload and second stage ignition. The total released payload mass for the second
stage (and third stage if needed) rocket motors and the payload envelope can be up to 450 kg.
This capability can provide extended duration microgravity sounding flights of more than 8
minutes duration with apogees in excess of 400 km, or launch microsatellites in the 1 kg to 10
kg payload class directly into low Earth orbit for a very affordable launch price, while avoiding
the time delays, schedule and packaging constraints of being launched as a secondary payload
on a larger rocket.

This paper will provide details of the design and operational aspects of the XP spaceplane, as
well as discuss the business aspects and the plans for future development, including the
expansion of the XP fleet to operation at additional spaceport locations around the world.
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The Suborbital Space Tourism Project
of EADS Astrium
C. CHAVAGNAC, H. LAPORTE-WEYWADA — EADS ASTRIUM

On June, 13th 2007 EADS Astrium made public its entrepreneurial oriented project of Space
Tourism with presenting the full-scale mock-up of the cabin of a brand new vehicle. This
initiative launched internally to EADS early 2006, applying stringent confidentiality rules,
addresses since then all the perspectives related to this emerging and promising business :
commercial standpoint, legal matters and engineering as well. During 2006 and 1st half 2007,
the Suborbital Space Tourism project of EADS matured and the concept of a single spaceplane
performing the full mission of sending 4 passengers to 100 kilometers of altitude in a cabin large
enough for getting direct experience of weightlessness emerged : this is the TBN project. The
objective of EADS is to offer commercial service to first customers in 2012 with a fleet of
vehicles flying once a week, provided that relevant funding for development being gathered
early 2008.

Beyond the birth of this new business, this program is also the opportunity to gather some
relevant experience (aircraft-like operations of a rocket propelled vehicle) for developing a quick
access to Space System or an ultra high-speed Transportation System of the XXIst century.
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