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Through a set of innovative principles, “Kourou, a Vision beyond 2030” hopes to communicate a realistic
picture of Kourou outlining the tools, techniques, and procedures required to materialize sustainable European
human spaceflight from Europe’s spaceport.
All factors and elements of the Vision when put together act as dots drawing a realistic picture of a truly
brilliant future. A future that holds immense promise for the private sector, addressing not only a growing
personal spaceflight market but establishing a permanent presence in the spaceport through their involvement
in entertainment, training, and security, for example. The government’s cost and risk-sharing partnership with
the private investors might be the missing piece of the puzzle to bring all ESA and EU partners together towards
a single worthy goal.
This document commences by describing the vision through generic forward-looking principles to then address
their implementation in the Kourou spaceport. This implementation is classified into three categories. First, the
underlying factors which have an overall impact to all facilities and operations. For instance, construction
methods or energy production and utilization affect all activities. Second, the spaceport’s constituent elements
related to every specific activity required for HSF are presented. For example, transport to Kourou, training of
astronauts, integration, and aborting are various examples of these steps. Finally, the strategy frameworks
indispensable to this endeavor such as policy, legal, and collaboration are critically analyzed. For each of these
topics, the discussion the discussion does not go as far as suggesting ideal detailed scenarios but does present
an accessible review of the required developments and options available to Europe.

50 years ago, the first human space flight was achieved by Yuri Gagarin. Since then more than 500 humans
have been launched into Earth orbit and beyond. Surprisingly, they have been launched only from four launch
sites; Baikonur in Kazakhstan, Cape Canaveral and Kennedy in USA, and Jiuquan in China. Despite the past
European attempts to realize human space flight, Kourou, the Europe’s spaceport and the best launch site in
the world, has not yet had the honor of being a human-rated launch site.
This year, ISU’s Masters Candidates were offered a choice of two team projects: “Human space flights from the
Kourou spaceport” and “Space applications within the future E-Health environment.” The former project team,
which is composed of 21 courageous students, has worked on the task to illustrate the possibility of the
human-rated flights from the Kourou spaceport. They have successfully completed this report, which presents
a vision for Kourou in 2030 where a public-private-partnership hosts a successful European human space flight
program.
The team projects (TPs) are an important part of ISU’s twelve-month, Master of Science (M.Sc.) programs.
Students from different professional and educational backgrounds work intensively during a dedicated time
period on a topical theme, which is interdisciplinary in nature. It has been our honor to be involved with the
“TP-Kourou” project, which is composed men and woman from 16 different countries – with diverse academic
backgrounds, skills and cultures. The ISU faculty provides guidance, but the members themselves determine
the team structure, project schedule and the final direction, and worked really hard according to their code of
conduct.
We sincerely hope that this report inspires European industry and governments to make the future steps to
realize the human space flight from Kourou spaceport. We also hope that this work inspires some members of
this team to continue human space flight research and contribute to its realization in Kourou. The journey of
this team will certainly be an inspiration to these students after they leave ISU. They have faced all their
problems head on with great dignity and they have emerged at the end as a strong and unified team. We hope
that they will reflect on what they have achieved here and be proud.
Finally, we wish to acknowledge all the experts who assisted the team, as well as ISU resident faculty who
provided students with help and feedback all along this project.

Hideto Suzuki
Emmanouil Detsis

On behalf of ISU’s Resident Faculty and TAs
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April 12 , 2011 marks the fiftieth anniversary of the first human space flight, by Russian Cosmonaut, Yuri
Gagarin. During the past 50 years, Russia (the former Soviet Union) and the United States developed and
conducted human spaceflight programs. Finally after long time of this duopoly, China entered as a player in the
human spaceflight field with the successful launch of the Shenzhou 5 in 2003. Human spaceflight has been
making us enthused about space for as long as most of us can remember. Now, we believe that we are
approaching a new era of human spaceflight that involves new players; and Europe is one of them. The
European Space Agency has its own spaceport in Kourou, French Guiana, which is currently utilized for nonhuman-rated spaceflight activities. We see the spaceport at Kourou to be a potential launch site for future
European human space flight.
Beginning with a literature review on European human spaceflight and the spaceport in Kourou, we identified
the gaps and realized that a clear future vision from various perspectives is needed. We, Team Kourou, consist
of 21 students of the International Space University (ISU) 2011 Masters class. We all have different academic
backgrounds and represent 16 nations across the world. Our unique and diverse individual heritages have
allowed us to view this topic with an interdisciplinary approach. This final report, Kourou Vision 2030, is filled
with our numerous ideas of what future human spaceflight could look like from Kourou.
Within a limited time of less than two months, we enjoyed this team project and learned a lot about human
spaceflight. Through this project, we attained a great experience of international, intercultural and
interdisciplinary team building. We are proud of our hard work and the contributions from each of us. We
th
certainly appreciate this unique opportunity that the ISU has given us, in this year of the 50 anniversary of
human spaceflight.
In conclusion, we acknowledge ISU faculty members and external personnel who supported us and gave us
advice. All the members of the ISU 2011 Masters Class Team Project Kourou hope that you enjoy reading this.
Human spaceflight opened humanity to a new perspective of the world and the universe, and Team Project
Kourou wishes that this report will help bring some new perspectives to the beginning of this great and exciting
era of expanding human spaceflight activity.
- The Students of Team Kourou
International Space University, MSc. 2011
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In 2004, with the successful flight of the spaceplane SpaceShipOne, by the American company SpaceX, society
entered into a new era of privatized human spaceflight. Six years later in late 2010, the Dragon spacecraft
became the first capsule to be placed in orbit and be recovered by a private company. Today, SpaceX eagerly
pursues the dream of privatization of human spaceflight fifty years after the first human, Yuri Gagarin, was
launched into orbit by Russia (then the Soviet Union).
According to Peter Diamandis, co-founder of the International Space University, there are essentially three
reasons why humans venture into space. The weakest reason is exploration, which funds science and research
programs in governmental space agencies around the world. A second stronger motivator is fear, which put a
man on the moon in 1969 during the cold war. Finally, arguably the strongest reason, the next giant leap, could
be wealth. If sending humans into space becomes a profitable business, there would be a complete shift of
gears in the human spaceflight market. If HSF, following in the footsteps of the early aerospace industry, could
evolve from a highly costly, risky, and complex endeavor lead by governments and defense departments into a
commercial activity, it could truly revolutionize the long-range exploration and development of space
(Diamandis, 2005).
In this report, a vision for the evolution of spaceport at Kourou in French Guiana to a human-rated launch site
is laid out. Termed, “Kourou Vision 2030”, the main goal of this report is to inspire decision-makers, active
space players, and the general public; illustrating the potential of Kourou to host sustainable human spaceflight
activities. In the future, a human-rated spaceport shall welcome both professional astronauts and personal
spaceflight participants as a formidable example of public-private collaboration. The vision hopes to
communicate a realistic future picture of the Kourou spaceport, along with the tools, techniques, and
procedures required to materialize this future. The fundamental question raised is simply: Why not?
‘Kourou Vision 2030’ could be arguably compared with an automobile prototype. An automobile prototype
emphasizes key aspects of the design and performance such as: chassis size, structure, customer preferences,
lightning design, etc.; without giving a full detailed implementation plan. Yet, it gives a glimpse of what the
automobile could be. It sets brains and pens in motion towards a goal and stirs the imagination of the public.
Today’s human spaceflight market is rapidly evolving, with recent events of the retirement of the NASA Space
Shuttle reusable launch vehicle due mid 2011, the Chinese emerging as a human spaceflight player in 2003, and
the successful tests of SpaceX’s Dragon capsule in late 2010. The decision for Europe to realize an independent
human spaceflight program, or to continue as they currently are, as a collaborator in human spaceflight

program, is overdue. We believe a progressive approach is needed to kindle the fire of interest in the
European decision makers and the public. National prestige, economic benefits, and scientific benefits alone
have not been attractive enough to drive Europe towards a decision to develop a human-rated spaceport at
Kourou. Would the emerging market of personal spaceflight generate enough revenues and governmental
interest for a public-private collaboration that sets European human spaceflight in motion?
The vision 2030 is presented in this report through the introduction of seven forward-looking principles. These
are generic requirements to all facilities, operations and systems that act as fundamentals in the development
and exploitation of the future spaceport. These principles bring about important benefits and ensure a
sustainable exploitation of the existing capabilities at Kourou. These concepts are suggested as crucial elements
in the minds of architects, designers, and engineers of all aspects of the prosperous future human-rated
spaceport. Besides presenting the 7 principles, this investigation addresses the implementation of these in the
current Kourou. Even though ESA does count with an astronaut office and training centre, it does not readily
possess the autonomous capabilities to launch humans from Kourou. Research has revealed various options
regarding funding, international collaboration, vehicle class, and customer base, for example. The vision does
not go as far as suggesting ideal detailed scenarios but does present an accessible review of the required
developments and options available to Europe.
It is important to define what this project is not planning to accomplish. Given time and human-resource
constraints, the present proposal does not include the detailed design of subsystems. High level requirements
for facilities, systems, and operational requirements are used to define the challenges, while keeping all
options in the same playing field. These contribute to an unbiased fresh perspective that does not attempt to
suggest major decisions such as a certain kind of rocket or specific location for a facility. These decisions, we
believe, can only be made after careful study by ESA officials or members of industry with access to sensitive
information and largely different time and human resources than those available for this project. The report
has taken into account opinions of key figures of the space industry as well as experienced International Space
University faculty, yet it has been developed independently in order to provide an outsider’s perspective. We
capitalize in the international, interdisciplinary, and intercultural nature of the young Team Project-Kourou
members to provide this unique vision.
The discussion commences with the presentation of the above-mentioned seven generic futuristic principles to
introduce the approach to the vision. It then presents the implementation of these at the present day Kourou
spaceport. The implementation first addresses the fixed underlying factors at Kourou, such as its location,
environment, and unique space conditions. Flexible underlying factors, such as the development processes
and energy production (to name a few) are then addressed in a comprehensive, interdisciplinary manner. The
constituent elements of a future human-rated spaceport are then addressed one by one following a journey of
an Astronaut from transit to Kourou, all the way until landing and recovery. Finally, the strategy frameworks
that are indispensable to this endeavor, such as policy, legal, and collaboration aspects, are critically analyzed.
The description of each of these factors and constituents follow three steps:
The problem is defined through the description of high-level requirements which address the
existing situation at Kourou and set the stage of future implementations.
Technologies, tools, and techniques to solve the problem are addressed
The present European and/or foreign solutions to these challenges are addressed as heritage and
starting point to build upon

The question looming in the heads of the readers must be: what exactly is this vision?
Funded, developed, and run by a public private collaboration, in a remarkable example of international
collaboration, legal, and political consensus, Kourou is a strong competitor in the human spaceflight market of
the 2030s and beyond. The future spaceport, as a flagship of Europe’s space industry, implements modern
principles of adaptability, human-centered design, and sustainability.
The application of forward-looking design, implementation, and operational principles in the future design of a
human-rated spaceport at Kourou would challenge the current image of HSF spaceports to go beyond a
complex set of facilities replete of hazards, where brave and skilled astronauts travel to space. Kourou would
propose a human-friendly location where the public can be engaged in spaceflight activities through unique
training, educational, and entertainment facilities.
It is envisioned that beyond 2030 both professional astronauts and personal spaceflight participants would
share adaptable facilities, systems, and operations all the way from medical screenings to landing and recovery
activities. Plausibly, they would not fly shoulder-to-shoulder, but, for instance, the same launch vehicle should
be adaptable to the needs, destination, and performance required by both. Sharing costs, risks, and benefits
with the private sector could be the missing piece of the puzzle to realize autonomous European human
spaceflight.
Even though costs would be shared with international partners and private industry, the high investments
required for these developments cannot be overlooked. Limited financial resources bring about extreme
challenges for optimal resource allocation; it puts constraints in all stages of development from preliminary
research all the way through development and operation phases. It can be argued that financial constraints
alone have modified the very approach to human exploration of space after the large investments made in the
seventies. Cost reduction can be easily achieved by relaxing reliability requirements, yet successful HSF cannot
fall short in human safety. The current vision principles encourage cost reduction in, for example, design and
development processes by implementing adaptability and sustainability as well as making use of modern
techniques in manufacturing and integration.

HSF from Kourou would, furthermore, realize the European policy principle of autonomy. Developing Kourou’s
capabilities would allow a completely independent European program which beyond prestige would represent
a formidable example of Europe’s capabilities when political cohesion is achieved and all efforts are focused
towards a single goal.
The chosen decade of the 2030s is far enough to allow a decision to take place in the next 5 years and
implement the expansion inside the 15-20 year window. It is close enough to be realistic, and allows ambitious
futuristic concepts to be suggested. With the commercial human spaceflight kick-off estimated as early as 2015
by US players such as Boeing (Albanesious, 2010), the Chinese plan to develop their own space station by 2020
(Emspak, 2011), and the long periods required to develop human spaceflight capabilities further emphasize the
timeliness of a European decision.
The proximity of Kourou to the equator makes it one of the best locations for interplanetary flights due to the
delta-V savings brought about by the Earth’s rotation. If humanity ventures beyond LEO towards the Moon,
Mars or near-earth Asteroids and the Kourou launch site has expanded to host a meritorious European human
spaceflight program, Kourou stands a very good chance to be humanities’ next gate to the cosmos.

Sending humans to outer-space and returning them safely to Earth is an inherently risky endeavor; it takes
structural materials to their loading and thermal limits and releases immense amounts of energy. The Space
Shuttle’s solid and liquid rockets, for example, release an astounding 20 Tera Joules (about one third of the
energy of the atomic bomb dropped in Hiroshima ending WWII) of energy during its 8.5 minute climb into
orbit (Bardos, 1990). Whenever there is an accident, this large amount of energy can have serious
consequences to the well-being of the crew, as seen in the infamous Challenger accident where the vehicle
broke apart (killing all the crew members instantly), 73 seconds into flight.

Figure 3-1 : Challenger STS-51L Explosion
Source: NASA Johnson Space Center, 1986

According to O’Connor, head of NASA’s Safety and Mission Assurance Office, (Wall, 2011) one big reason why
human spaceflight remains risky is because of the high costs which impede various test flights required to fully
develop a vehicle. That is, the expense of spaceflight drives engineers to fly real missions aboard vehicles
which have not been fully tested. The NASA Space Shuttle, for example, is still an experimental vehicle. It
started flying early in its development process with high operational costs that are required to ensure human
safety on flight. Developments using public and private collaborations would use existing proven technology as
much as possible to both reduce cost and increase reliability (as seen in the successful SpaceX approach). If
European human spaceflight hosts a healthy personal-spaceflight and astronaut clientele with a good number
of flights per year, safety and reliability would improve overtime, as generally, experience improves safety
systems overtime. Other examples of safety improvement methods are decreasing complexity, using fail-safe
systems (thermal, structures, power, life-support), simplifying the assembly and integration process, and
investing in new technologies.
In the specific case of Kourou, flight safety is not the only concern. The tropical environment of French Guyana
is not the most welcoming for human spaceflight activities; Humidity levels can reach 100%, proximity to the
sea introduces high levels of salinity in the air, and the tropical environment hosts a broad range of insect
species carrying malaria and yellow fever. To ensure the safety of the crew during pre and post flight activities,
HSF from Kourou requires the design of specialized facilities to ensure both the spacecraft and crew isolation
from any agent posing a risk to human safety.
It is generally considered that private human spaceflight welcomes risks much more than governments. For
example, adventurous investors have spent well beyond $100,000 US dollars to scale mountains such as the
Everest or the K2, knowing they might never return. Nonetheless, a successful human space flight program

linking both public and private players is hoped to involve professional astronauts sponsored by national space
programs. European partners would pose great importance in safety and risk mitigation because their national
prestige is at stake in every flight. Current risks of mission failure (possibly leading to crew mortality) stand at
one in fifty for human spaceflight and must be improved in the light of both governmental reputation and
commercial attractiveness (Malik, 2004). If safety levels are increased: governments, investors, and the general
public would naturally support the effort increasing awareness and resources available for the sustainable
evolution of the effort. Throughout this report, safety will be treated as an indispensable ingredient to all
systems, facilities, and operations.

The uniqueness of the expansion of Kourou as a human-rated launch-site raises key questions, such as the level
of adaptability that could be achieved. Adaptability is a synonym of flexibility; it refers to the ability of a system
to adapt itself efficiently and fast to changed circumstances. Even though the space industry currently follows
a launch-cycle-cost approach, the concept of versatility appears as an important trend in the near-term future.
The adaptable design of airports morphing to foreseen changes in customer and airplane traffic is a good
example of versatility. Current airport designs can rapidly adapt to different rates and types of incoming
airplanes from various locations. Customer operations through airport terminals have also been readied to
adapt to changes in rates and types of users according to the time of the year and foreseen special events
(Edwards, 2005). At the Kourou spaceport, adaptability can be applied and traced through e.g.: multi-use
facilities, flexible fabrication methods, modularity, and scalability. Another emerging trend is to apply
redundancy through adaptability where subsystems can serve more than one purpose and support parallel
sub-systems (Tolyarenko, 2011). For example, thermal control systems could overlap the functions of
structural sub-systems and provide redundancy in case of failure increasing safety.
The advantages of this approach to design are cost, time, and risk reduction, as well as capability and efficiency
increase. The more adaptable systems and facilities are to new operations, vehicles, and users; longer lifecycles and less re-investing can be achieved, therefore reducing costs significantly. Further cost savings come
along with the ability to quickly adapt the systems and facilities, reducing time investments and increasing
efficiency. As a result, increasing adaptability increases the capabilities of the systems and spaceport in
general.

As the future European flagship spaceport, the ‘Kourou Vision 2030’ imposes strict standards in terms of
energy and material resource sustainability. This last concept of sustainability is a broad term embracing
environmental, economic, and social dimensions. It is an increasingly important principle of doing business in
the government, as well as in industry. Worden (NASA, 2009) rightly argues it does not only ensure resource
availability for future endeavors, but also demonstrates integrity, transparency, provides for inclusion, and
protects the health and safety of workers and the public.
In regards to the spaceport at Kourou, this trend implies both environmental friendliness and efficient design.
This design could be achieved through resource allocation and consumption embracing facilities, space
systems, and operations. The NASA Ames report (2009) on environmental sustainability demonstrates clear
green practices relating to energy, water, air, material, waste, transportation, land use, and facilities operating
with sustaining the environment in mind. NASA’s sustainable practices furthermore include ethics, corporate
governance, workplace diversity, and inclusion.

This general principle therefore tackles not only energy aspects but also the functionality for the operations
and systems involved. Kourou could very well become a model example of the new generation of advanced
facilities that can be foreseen for 2030 based on current vanguard standards. A sustainable spaceport at
Kourou that is in harmony with its local natural environment takes into account the resources used in its
construction as well as those required for its operations.
Efficient energy consumption and generation include: the use of onsite materials, the combination of several
renewable energy sources, and the integration of vegetation in the functional design of the facilities. Also,
design and structural efficiency also represent a required approach to achieve the development of this sort of
advanced structures. Examples can be found from a better design to reduce mobility of goods inside the ports
(e.g. launcher assembly operation) to the integration of modular active and passive systems, to condition
artificial environments
A sustainable design and construction could also imply less maintenance during the life cycle of the
infrastructure, with less use of resources and final reduced operational needs. Furthermore, the benefits of a
“green” and sustainable Kourou that meet new worldwide standards for environmental friendliness also
contributes to the creation of a deeper connection for the new generations of astronauts conscious of the well
being of their planet.

The first question in the mind of governments and investors allocating resources to the space exploration and
development effort is: what are the returns? In order to realize human space flight from Kourou, it is
important to focus on finding tangible benefits and accurate measures of return effectiveness so the appeal to
invest draws further resources.
Within the proposed public-private approach, the business case for evolving Kourou into a human-rated
launch-site must succeed in being attractive to all parties. From the private point of view, this ideally implies
healthy revenues and a short-term return on investment. Governments consider less tangible returns such as
economic, social, and political benefits. The development of complex and advanced technology opens the
economy to new jobs in advanced technology, increasing the capabilities of industry. Social benefits include
the motivation of the young generation, educational reforms, and the establishment of a knowledge-based
society. Scientific research and development can enhance the field of human spaceflight life-sciences, further
improving education and possibly opening new industries. Political benefits go beyond national prestige and
the opportunity to join the HSF-capable space faring nations; to further strengthen the bonds of collaboration
between European nations and major world-wide space players.
Once potential benefits have been identified, accurate measures of return effectiveness from these must be
found. These measurement devices must be easily traceable and quantitative. Examples of these could range
from the national GDP to positive effects for the local Kourou economy, such as employment rates, average
income, and number of newly-generated venues related and/or parallel to HSF. The clear definition of such
measures and realistic estimates of their expected values has an enormous potential to provide supporters
with strong arguments for European HSF political debates.

The design of the future Kourou human-rated spaceport must be approached with a fresh perspective,
involving the user in a whole new level. The user must be in the minds of designers and developers at every
stage of the way regarding spacecraft, facilities, operations, and all-together corporate image. The creation of
an unprecedented triple-use spaceport where military and civil astronauts share facilities, vehicles, and

operations with spaceflight participants poses very interesting challenges to the architects, designers, and
engineers of the future. The aesthetics and ergonomics, for instance, can no longer be purely functional, and
need to implement a feeling of safety, reliability, and friendliness embraceable by not only engineers and
scientists but by the general public as well. The designs and operations must be versatile in order to adapt for
special facilities for the physically impaired or disabled. These must, furthermore, be intercultural, and
accessible enough to be understood by everyone.
The benefits of devising a specialized approach to the design at all levels are ample. An inviting spaceport
image would further engage the general public, increasing the awareness and the size of the market. This
increased awareness could in turn generate potential higher launch rates. These bring about increased
revenues and enhanced safety rates through experience. Furthermore, a human approach to the design could
increase the efficiency of operations and development. If user-friendliness becomes a design principle, vehicles
and mission architectures need not be redesigned when assumptions about spaceflight participant’s skills are
proven too ambitious. Operations would become much more efficient if the plans are simple, robust and
accessible. Facilities would, furthermore, be simpler to use and maintain, which would further bring costs
down. Re-vamping design principles has the further potential to improve the public image of space from a
highly complex and dangerous endeavor, to an attainable and captivating reality that is unique and rich in
experiences.

Expanding the Kourou spaceport to include human space flight capabilities requires significant industry
involvement on various fronts. The complexity, cost, and lack of political drive have kept Europe expectant and
reliant on external partners to send its citizens into space. The present report proposes involving industry at
the Kourou spaceport through a public-private partnership where both parties share investment, risks, and
benefits. This approach lowers the cost for the government and increases private sector opportunities. It might
prove to be the spark to ignite sustainable European HSF. Figure 3-2 below shows a common PPP structure
block diagram. Engaging industry also implies further involving private players in the decision-making process,
decreasing the number of intermediaries, and encouraging the widespread use of COTS (Commercial off the
Shelf) and other established technologies.

Figure 3-2 : Common PPP structure (Harris, 2004)

Conventionally, industries play an active role in the space exploration efforts through procurement contracts
released by space agencies. However, as Chang-Diaz (Clark, 2010) rightly argues, governmental programs are
fueled by prestige, and they move pretty slowly. Using the development of his VASIMR engine as an example,
research and development at NASA Johnson for nearly 25 years took the engine from 0 to 2 TRL (Technology
Readiness Level), while in only 5 years in the private labs at Ad-Astra rocket company, the engine went from 2
to 6 TRL. The dynamic nature of the private sector could potentially ‘kindle the fire’ and accelerate the efforts
through, for example, competition, standardization, efficient management, and mass production. Further
involvement of the private industry could also foster inter-industry collaboration where common challenges
from sister industries, such as automotive or aerospace, can be collaboratively addressed.
Engaging industry brings many benefits beyond cost sharing. As argued above, it accelerates development and
engages more players increasing the overall resources and talents devoted to the effort. The latter increases
the playing-field of the space development effort, increasing awareness in different industries. A robust and
competitive commercial space sector is vital to continued progress. Greater private sector participation would
not only enhance efficiencies of the space programs, but also foster the competitive domestic space industry in
Europe.

Support from all of the ESA partners would be required in order to make the decision to change the Kourou
spaceport into a human-rated launch-site. Inside Europe, such a political agreement would suggest a
willingness to engage in significant inter-European international collaboration to create the future Kourou
human-rated spaceport. The level of collaboration must transcend current levels of funding and risk-sharing;
ensuring the equitable share of socio-economic benefits to all the nations.
Millions of Deutsche marks, dollars, and rubles were spent during the cold-war developing the first generation
of intercontinental missiles that led to the commencement of the space race. Unless there are significant
breakthroughs in physics, launcher technologies are likely to remain largely the same. There is, therefore, no
need to re-invent the wheel and invest large amounts of resources developing spaceport systems and facilities
from scratch. In addition to capitalizing from the experience gained by the European nations, the effort should
involve non-EU/ESA countries and international global firms to ensure the utilization of external expertise and
support. For example, Europe should consider establishing collaborations with countries with a heritage in HSF
(US, Russia, and/or China) to learn from their expertise in expanding the Kourou spaceport. It should also
consider multi-lateral collaboration agreements with space growing nations such as India and Japan who are
highly interested in developing human spaceflight. The European policy principle of autonomy should,
nonetheless, be sustained while still engaging external public and private powers. This would ensure a
collaboration scheme that would gain approval by the internal partners.
In such international environment, the mixed nature of crews, support teams, and investors, for example,
requires the careful consideration of intercultural challenges that might arise in the operations, decisionmaking, as well as development phases. The challenges involved in, for example, running the ISS are a perfect
example of the potential complications arising from intercultural differences. The approach to operations
varies in flexibility and formality from culture to culture. For the future human-rated spaceport at Kourou, a
harmonized all-encompassing culture must be found to ensure smooth operations. Even though cultural
globalization is slowly bridging the gap, intercultural issues must be kept in mind when designing, constructing,
and operating the future human-rated spaceport at Kourou.
Involving the international community is quite advantageous on several fronts: cost and risk sharing,
encouraging specialization, increasing know-how, and nurturing future relationships. The involvement of
international governments and firms decreasing the cost and risk for Europe might be one of the missing pieces

of the puzzle to kick-off HSF from Kourou. When several partners come together to achieve a given goal, they
learn from each other’s experience and know-how. Also, when individual partners specialize in given functions,
efficiency increases dramatically enabling the accomplishment of otherwise unattainable goals. Finally, once
near-term goals have been achieved, the successful collaboration can serve as precedent for other industries to
engage in international partnerships, paving the way to further foster cooperation.

Location and environment are significant criteria when selecting a spaceport for both public and commercial
use. The geographical location of any launch site will constrain launch trajectories and determine the amount
of fuel needed for the launch. Also, the environment around the launch site, including the climate, will deeply
influence the sites operations. This chapter introduces the geographical and environmental factors of Kourou,
and how these conditions affect launches.

French Guiana is an overseas territory of France which lies in the northern Atlantic coast of South America.
2
French Guiana borders Brazil to the east and Suriname to the west. It covers an area of 90,000 km , which is
slightly smaller than Portugal, and it is a scarcely populated country where 90 % of the country is covered by
equatorial forest on both the sides (ESA, 2009). Kourou is located 65 km north from the capital of French
2
Guiana, Cayenne, with an area of 750km (Figure 4-1). Kourou was selected as launch site among 14 candidates
by the French government, who considers its geographical location an advantage for launches.
Kourou located at latitude 5° 3’ over 500 km north of the equator. Being close to the equator is an ideal
location to launch satellites into geostationary orbit as it saves mass and the cost of fuel. (ESA, 2009).
French Guiana is classified into two regions: a coastal strip and an inaccessible rainforest. About 95% of the
inhabitants of French Guiana live in the coastal region and 75% of the population lives in one of the two main
cities, Cayenne and Kourou (Conle and Hennemann, 2001). The coastal strip extends about 350km along the

Atlantic Ocean. French Guiana is covered by its natural borders of rivers in the west and east and mountains to
the south.

Figure 4-1 : Geography of French Environmental Conditions (French Guiana Map, 2009)

Since launches are significantly influenced by weather, the climate is common concern of launch site
operations around the world. Also, local diseases and wild animals are taken into account, because
risk of infections and damages increase as the people that interact with Kourou’s natural
environment also increases.
Climate
French Guiana is located in a hot tropical climate region with large amounts of rainfall during the rainy season.
It is also characterized by warm and humid conditions which fall into two seasons: a wet season from
December to June, and a dry season from August to October. During the rainy season some regions are flooded
and completely inaccessible (Conle and Hennemann, 2001). The average annual rainfall is about 2,500 mm (100
inches), which is a lot compared to the rainfall of around 650mm in Paris for instance. The average
temperature of around 28°C provides a temperate environment. However, the day time temperature is hotter
in the forest than in the coast and night time is much cooler (Guyane, 2009).

Table 4-1: Comparison between major spaceports

Max Temp. (Month average)
Min Temp. (Month average)
Annual rainfall [mm]

Kourou
(French Guiana)

Cape Canaveral
(Florida)

Baikonur
(Kazakhstan)

32°C

33°C

30°C

23°C

8°C

-12°C

2,500mm

1,250mm

580mm

Diseases
A specific disadvantage of French Guiana is the number and seriousness of diseases. Yellow fever, malaria and
dengue are the most endemic diseases found. Malaria is a non-vaccine preventable disease, and 100 to 300
people out of 1000 inhabitants are infected it in the region. Since malaria is spread by the bite of an infected,
Anopheles mosquito, which inhabits in waterside, the disease is found especially in the area close to the rivers
except coastal areas. Another non-vaccine preventable disease is the dengue fever, found particularly in the
coastal areas. Dengue is a systemic viral disease caused by the bite of infected Aedes Aegypti Mosquito. Yellow
fever is also another type of systemic viral disease found in the country caused by an infected Anopheles
mosquito but this disease can be preventable by vaccine (NaTHNaC, 2011).
Wildlife
French Guiana has one of the highest levels of biodiversity in the world, with wide ranges of species,
vertebrates, and animals when compared with any same sized area in the world. This diversity brings
constraints in term of wildlife protection. On the other hand, there are many animals that could be harmful to
humans. For example, the Dendrobates azureus, a type of frog which inhabits close to a water source in the
forest region, has highly poisonous skin. Also, the Eunectes deschauenseei, known as dark spotted anaconda is
dangerous reptile found especially along the coastal areas.

This section discusses how the location and environment influence on the launching. The efficiency, cost and
risks during the launch are directly related to these impacts.
Proximity of the Ocean
The presence of the Atlantic Ocean at the eastern part of the spaceport enables launching from the easterly
azimuth. This launching position helps to minimize potential hazards to people as well as facilities during the
launching process. The launch facilities are only built a few kilometers from the ocean, yet the salinity of the
coastal waters does not affect the launch facility hardware and launch vehicles because the coastal water is
always diluted by fresh water from the Amazon River (Webber, 2008) (need to check in Monday)
The Equatorial advantage
The launch angle seen in Figure 4-2 shows the flexibility inherent to the equatorial location of the Kourou
launch site. Kourou spaceport is located in low latitude (5.23˚). The minimum orbital inclination which can be
achieved from the launch sites corresponds to their geographical latitude (Tolyarenko, 2010), and if a lower
inclination is required, orbital plane change maneuver is required. Therefore the location of Kourou enables the
saving of mass and also helps save the cost of propellant, when compared with northern-latitude launch sites

such as Baikonur (45˚N) or Tanegashima (30˚N). Another advantage of the low latitude region is that the
launcher can obtain additional velocity which is provided by the Earth’s rotation than the high latitude region.
South Atlantic Anomaly
One concern related to the location of the CSG is the South Atlantic anomaly (SAA). The SAA is a region of
intense radiation in the Earth’s magnetic field. This is due to the Van Allen belt particles dipping low into the
atmosphere (200-800km and lower). This dip in the Earth’s magnetic field is shown in Figure 4-2 (Broad, 1990).
Human spaceflight is especially concerned with this region as it is said to cause the peculiar ‘shooting stars’ in
the visual field of astronauts (Odenwald, 1996). In fact, the launch angles from the Kourou shown in this figure
currently take payloads further north away from the anomaly. Thus the SAA is not of great concern for
launching, and once having crossed into outer space, the SAA is a common problem experienced by all missions
independent of their launch site. However, it is important for landing architectures to avoid lengthy stays in
the SAA coordinates. Also, launching and landing mission architectures must take into account the longitudinal
broadening of the SAA during periods of high solar activity (Broad, 1990) to minimize the exposure of
astronauts to such radiation.

Figure 4-2: Launch angle from the Kourou launch site showing the SAA at 580km altitude

Natural disasters
According to ESA (2009), there is no risk of earthquakes or cyclones in the area of the Kourou spaceport. This is
a significant advantage of Kourou compared to some other launch sites such as Cape Canaveral and
Tanegashima, which often suffer from hurricanes and typhoons. Due to high amount of rainfall in Kourou,
there is however a risk of flood. The advantage of being free from any big disaster could make Kourou a major
spaceport which provides regular launches without cancellation.

The development of a human spaceflight port at the current center in Kourou requires tackling some
key issues related to the mutual relations between the facilities and the local environment. Europe
will need to develop a future Kourou spaceport in a sustainable way in order to contribute to the
conservation of a natural area like this one. The Kourou Vision 2030 emphasizes the importance of
environmental conservation in a sustainable way. Our vision also considers that personal spaceflight
from Kourou will be increasing dramatically. Therefore the impact from human activity would be
increased significantly, some countermeasures should be necessary. When the environment is
properly managed it creates a long-term benefit for both the government and the inhabitants of
Kourou (Carlier and Gilli, 1995). Thus, for a feasible space activity in French Guiana, Europe needs to
deal with:
Environmental impact: To avoid any harmful impacts on the unique natural environment of French
Guiana, it is necessary to take extreme care when launch activities are conducted. This section
mentions chemical pollution, noise and waste management because these can cause harm to the
environment from launching and its preparation. Also, regulation and countermeasures used to
mitigate these impacts are introduced.
Land use: Spaceports require the use of large extensions of landscapes due the technical requirements
such as transportation, security, integration, or launch preparation. In the case of Kourou, this
extension would take away from tropical forest extensions or shorelines.
Socio-economical influence: As a result of the HSF spaceport activities there is an influence upon the
socio-economical local conditions: the creation of local employment, worldwide projections, among
many others. Currently the GSC has a major influence on the economy of Kourou, because huge

amounts of money are involved with space activities in comparison with other activities and
economies around Kourou.

Chemical pollution due to launch-related operations could provide significant harm due to its toxicity. Also,
noise created by the launch and transportation of goods has impacts on humans and wildlife in Kourou. Finally,
management and treatment of waste is an important issue when extending human and industrial activities,
because it would poses health and environmental issues.
Chemical pollution
Chemical products released from the launch vehicle causes damage to the environment, although the damage
depends on the type of propellant used (FAA, 2006). The emissions of carbon dioxide and ozone-depleting
substances in the stratosphere may cause dangers to the microclimate of Kourou, as well as change and ozone
depletion. When chemicals are released from the launch vehicle or other launch facilities, they cause
contamination in the soil as well as the ground water.
Noise pollution
Another environmental effect that cannot be avoided during launching is short-term noises (FAA, 2006). The
noise level caused by the launching could achieve around 94 dB and it causes unfavorable effect not only on
human such as deafness, trauma and physical fatigue but also on animals (Ariane, 2006).
For reducing noises, the agency can consult and the implement some counter measures. The design of launch
vehicles or launch pads needs to be taken into account the mitigation of noise level. Most common way which
used in world launch sites for decreasing noise level is injection of amount of water toward the launch pad.
Also the design of the engine nozzle is the key to mitigate the noise level. For the personal spaceflight
customers it might be necessary to have noise reduction mechanism such as sound insulating barrier on their
accommodation.
Waste management and treatment
To deal with possible toxic spills affecting the local environment, adaptable ground cover and spill containment
berms should be use for storing hazardous materials and also for fuelling operations. In the process of
transporting equipment to and from the spaceport, spill prevention, containment and other control measures
could be options to implement.
Measures
In 2030, private spaceflight will increase the traffic of goods and people. Therefore establishing an effective
plan to monitor launching and re-entries to minimize the impact on air traffic operation and environment is
essential. The Oklahoma spaceport could be a good examples of this. Besides, some tools to assist spacecraft
and spaceport developers need to be developed (Murray and Ellis, 2006). For example, to study all
environmental effects produced by launching, CNES has developed a software tool call SARRIM (Stratified
Atmospheric rocket Release Impact Model) which provides all environment assessment reports (CNES, 2011).
Regulations
To sustain future possible growth of human activity without significant impacts on the environment, standard
management methods should be established. One example is the ISO 14000 series for environmental

management. At the Kourou spaceport, most of facilities are governed by special regulations due to the
associated environmental risk and, in most cases, the safety and environment divisions conduct preliminary
checks on the facilities before operations, such as handling of hazardous materials (Peer, 2009).

If entering the natural tropical ecosystems for the development of new facilities, it could bring
significant impacts to the local nature environment. Such kinds of over-development should be
avoided. When it is inevitable, it is important to take into account the behavior and migration
patterns of the endemic species so as to minimize the impact. For instance, natural corridors for
animals could mitigate the impact on territorial behavior for the native species. Moreover, it might
be a good option to design the facilities and infrastructures to mimic, or be integrated into the
natural environment.

The Kourou local economy and businesses, such as hotels, hospitals, and restaurants benefited
greatly from the installation of a spaceport through directly employment, or by using newly built
social infrastructure. This effect would be strengthened when the Kourou spaceport is developed for
human spaceflight, especially commercial services. However it is very important to be concerned
about local indigenous communities who want to keep traditional life style.

Large amounts of electrical power are necessary to support the operation of a launch site. Currently, electricity
for the CSG is provided by both the Petit-Saut hydro-electric and thermal Degrad-Des-Cannes plants (Courtiade,
2005). Transforming the CSG into a spaceport capable of launching humans into space will require larger
amounts of energy since a broad range of additional facilities would be built.
The world still relies on fossil fuels as a main source of energy to generate electricity. Fossil fuels are a nonrenewable energy source which is greatly exploited today. The cost of electricity from fossil fuels would likely
increase significantly in the future. As a result, Kourou needs to investigate alternative energy supplies to meet
electricity demands for the future spaceport. Another issue with fossil fuels is the carbon dioxide (CO 2) released
into atmosphere during the combustion process, which causes many environmental problems and contributes
to climate change. Therefore in order to responsibly meet the increasing power demands for the 2030 Kourou
spaceport, three factors need to be taken into account: cost, environmental friendliness, and technological
adaptability. The decision of which technology shall be implemented should be made only after trade-off
analysis between cost, needs, and benefits is performed.

5.2.2.1 Solar Power
Solar energy is an excellent alternative energy source to provide electricity for Kourou’s spaceport in the
future. Kourou’s location close to the equator, as seen in “the location” section above, guarantees that solar
energy would be available in equal amounts throughout the whole year compared to higher latitude
spaceports, such as the Baikonur Cosmodrome, where solar energy is available mostly during the summer.

There are many advantages of using solar power to produce electrical power for Kourou’s spaceport. Solar
energy is a free and reliable source of energy. It does not generate any pollutants and will significantly reduce
the amount of CO2 released to the atmosphere, for example, by the existing fossil-fuel Degrad-Des-Cannes
thermal plant (Courtiade, 2005). Unlike nuclear power, solar energy does not raise any safety or radioactive
waste concerns. It also does not generate noise pollution which is relevant for future entertainment and
tourism facilities in Kourou.
In 2030, however, if fossil fuels availability declines, solar power could become a more affordable option. Once
the investment to purchase and install is made, no further cost is associated with its use. The distribution,
number, and the locations of the solar panels are also flexible, which could bring cost savings due to
adaptability.
One main disadvantage of solar power is that it requires a very large area to generate a large amount of
energy. For example, a solar thermal power plant typically requires up to 2.5 square kilometers of land (Solarthermal, 2008). Considering the low population density and large amount of forest at Kourou, this might not
prove to be an insurmountable challenge. Two types of solar power technology are currently available and are
addressed below.
Photovoltaic solar cell
Conventionally, photovoltaic solar cells are semiconductors used to convert solar photon energy directly into
electrical power. This technology is not new and is currently used for in-land communes in French Guyana
(Courtiade, 2005). This technology is relatively cheap and less complicated to maintain than other solar energy
technologies. It also has the advantage of significant flexibility to adapt to changing requirements. One
drawback of this technology is that it requires very large areas when compared to solar thermal power, which
is discussed in the next section. This is largely due to the fact that the efficiency of affordable commercial solar
panels remains under 17% (Shah, 2011).
Solar thermal power
Solar thermal power is a new technology to use the heat generated from solar power, and is another
alternative to provide electricity from Kourou. The basic principle of a solar thermal power plant is to
concentrate energy from the sun using a mirror (reflector) or lenses into a certain area to generate high
temperatures (Figure 5-1). A concentrated solar thermal power facility can operate 24 hours since the solar
heat collected during the day can be stored in liquid or solid media, and then extracted at night to continue
turbine operation (Aringhoff, et al., 2005). An example of such technology is the concentrated solar thermal
power facility in Seville, Spain with a total capacity of 245 megawatts of electricity (Solar-thermal,
2008).Another important advantage for Kourou is that solar energy can be used to generate electricity and the
heat could be used to produce hydrogen fuel which is a rocket propellant (eSolarFurnace, 2008).

Figure 5-1 : The principle of operation of solar thermal power (Merriam- Webster, 2008)

5.2.2.2 Wind power
Wind power is another option to provide alternative energy to the future Kourou spaceport. Due to the
location close to the sea, wind speeds can reach up 65 km per hour. Wind power generators harness the wind’s
kinetic energy and convert it into the electricity by the rotation of large propellers connected to turbines. Wind
turbines are usually put into clusters (called wind farms) to provide large amount of electricity.
Wind power shares some advantages with solar power: it is a green energy source (it is renewable and releases
no pollutants). However, compared to solar energy, it is less reliable and intermittent. It also creates noise
pollution produced by the rotor blade of the turbine generating electrical power. One of the solutions to this
problem would be to install the wind-power plant far enough from a populated area, such as an offshore
location (Figure 5-2). Clusters of wind power plants can be installed in the ocean near coastal lines. Another
disadvantage that deserves consideration is the high initial investment cost to purchase and install wind
turbines (BLM, 2008). Implementing this technology in Kourou also needs to take into consideration the safety
factor of the astronauts in case of emergency landing on the sea.

Figure 5-2 : Offshore wind power plant (Sharma, 2008)

5.2.2.3 Ocean Power
Kourou’s proximity to the sea represents a suitable location to implement hydro-electrical plants. Figure 5-3
describes the different types of ocean-power technologies. Hydro-electric technologies use the motion of
oceans’ water as a source of energy to drive a turbine to generate electricity. Many types of technology using
ocean power are currently available, such as tidal-underwater-turbines, wave farms, and wave pumps. The
major difference between these technologies is their particular power capacity.
Underwater tidal turbines and wave farms can be entirely submerged creating no audible noise to humans,
having very little visual impact, and requiring small areas to install the facility. Wave pumps, however, do not
have the same advantages since they are not submerged. These drawbacks are offset by the fact that
electronic and hydraulic components are not damaged by sea water and no pollutants are released in the
water (Fraser, 2008).

Figure 5-3 : Concepts of ocean energies. Left: Tidal turbine; Center: wave farm called Archimedes wave swing; Right:
Wave pump (Fraser, 2008).

Although ocean power is considered as a green, reliable, safe, and cost effective energy source, there are some
environmental concerns that might prevent its implementation in Kourou. This technology could negatively
disrupt the marine habitat. Any leaks or accidental spills of hydraulic fluids might prove toxic to the marine
flora and fauna. Furthermore, visual and noise interference caused by these devices might conflict with other
sea users who could potentially oppose their development (BOEMRE, 2006).

5.2.2.4 Nuclear Power
Nuclear energy is yet another energy source alternative to the use of fossil fuels. They have been used by
some countries to provide a significant portion of their electricity, helping to reduce environmental impacts.
France has a strong background and expertise in developing nuclear reactors. Nuclear reactors account for
seventy-five percent of France’s electric power production (Grunwald 2011, pp. 29-31). This experience could
be useful for implementing a nuclear power plant to serve the future Kourou spaceport.
However, with the recent nuclear disaster in Fukushima-Japan and the memory of the Chernobyl incident in
1986, the implementation of nuclear technology in Kourou could prove politically challenging. Many
environmental and anti-nuclear organizations are against nuclear power due to its risks and safety concerns
during malfunctions. Even though it is expected that in the future safety measures would be stricter than with
older facilities, when the nuclear reactor fails it is very hazardous to humans and the environment. High
development costs could be another challenge to use nuclear power for electricity.
Upcoming research in nuclear fusion could spark renewed interest in this technology. Current work by the
European Union in the ITER project could solve important kinks that have kept fusion in the drawing boards
away from mass development. Less risks of catastrophic failure, longer reactor lifetimes, and less nuclear
waste are some of the promising features of this technology power (Grunwald 2011, pp. 29-31).

5.2.2.5 Combined Technologies
Using a combination of green energies available at sea including wind, solar, and wave power could be a
further option for the future Kourou spaceport. These technologies are currently under study, and would
benefit from all available natural resources of the Kourou environment simultaneously. Figure 5-4 below
illustrates the concept of advance electrical plants combining solar power, ocean energy, wind energy, which
could also produce desalinated water, oxygen and hydrogen.

Figure 5-4 : Advanced concept of renewable energy (Energy island, 2009)

Implementing a future Kourou vision in 2030 requires addressing some of the generic aspects behind the
construction and design of an advanced spaceport.The uniqueness of the projects to build ground facilities and
structures that support a human spaceflight activity imposes a different approach required to deal with the
requirements. In the past, offices like the General Engineering Design Bureau – KBOM in the former Soviet
Union worked for the specific requirements that ground elements presented. The construction of Soyuz or
Energia-Buran facilities was clearly defined by the straightforwardness, reliability and convenience of
operations (Umansky, 2003).
However, today adaptability and cost reduction with an environmental friendliness approach are also key
aspects in the constructions methods implemented for a near future vision of Kourou.Therefore, in general
terms there are some relevant technical aspects in the construction of space related and non-related facilities
and structures that defines both requirements and constraints. The following points address what some of the
most important issues would be as well as the state-of-the art technologies and concepts to deal with them
based on the experience until today. Some of the requirements that need to be addressed in the future
construction and design of thisspaceport include:
Sustainable “green” construction standards: Relates to the synergy of different disciplnes to achieve
an efficient facility in harmony with its environment.

Airborne Salinity and humidity influence in corrosion processes: Clorine in the air produces a faster
decay of structures, reducing life-cycle and decreasing reliability. A countermeasure today is the use of
specialized paints.
Cost reduction and flexibility: Concepts which can be applied to reduce maintenance and final
construction costs as well as increasing adaptability.
Source of funding – Influence of public-private partnership: Investment source has an effect on the
approach to return effectiveness

The construction of such unique structures and facilities presents a challenge for a green implementation,
especially in a place like Kourou. This is due to several reasons:
The example given by a space related facility in terms of environmental concern. It allows us to give an
example.
The cost reduction that can be obtain in the long term
The integration in a more natural environment, causing a lesser impact
Since the “green” approach to a construction have many approaches, this report tries to emphasize those more
relevant and linked to other stated principles such as cost reduction or reusability.
When we deal with artificial environments like building or facilities of any sort, the adaptation of the habitat in
terms of cooling and heating, humidity or insulation usually requires the use of techniques and technologies
with an impact on the environment. Therefore the use of low energy solution that make a smart use of
resources is the key to develop facilities that not only reduce cost in terms of consumption and maintenance,
but at the same time maintain the level of comfort, safety and reliability need to accommodate human
operations of any sort. The techniques to our disposal in a future Kourou are explained in the environment
influence section. However in terms of construction and building design the following sections presents some
of the instruments that represent the state-of-the-art (Smith, 2007).
Integration of energy creation systems:
The integration of solar thermal and electrical panels as part of the building is something that affects both the
design and construction but can improve strongly the efficiency and habitability of the building on the inside
and the outside.
Integration of other key energy sources, like wind or hydrogen based equipment could represent also a major
change in the design and building construction of Kourou as well as the maintenance in terms of operations.
Passive systems and design approaches
Solar passive: The creation on natural ventilation vortex making use of the energy irradiated by the
sun is definitely one instrument to reduce the maintenance cost and energy consumption in Kourou.
Cooling systems represent one of the largest consumer systems in terms of energy, and one of the
major contributors to the emission of CO2 (Smith, 2007). For that matter a design in Kourou need to
take into account that day and night operations will be different. Several approaches could be used:
o Ground coupling using air, as a way to reduce the temperature of the air making use of the
lower temperature of the soil (2-5 meters down), which is more constant and cool over the
year.

o

The use of water evaporation and other substance’s (PCM) changes of state. Integrated in the
design the use of patios, pools, cooling towers, and other low energy systems allow to reduce
the temperature of the surrounding as well as to create wind flows to condition the interior
or middle space surroundings.
o The use of geothermal energy systems, directly integrated in the building gives to create both
heat and cooling. This technique uses the difference in the gradient of temperature we can
find on the soil, powering geothermal heat pumps (GHP).
Insulation (materials). Improvements of the building envelope insulation properties in place of Kourou
could very well reduce the cost of maintenance since it presents a more or less constant temperature
over the year. New advanced insulation techniques like vacuum insulation panels (VIP) or advanced
transparent insulation materials like TIMs could become a very valuable asset in terms of developing
rich space environments in a most likely natural place like Kourou (Smith, 2007).
Low consumption technical equipment
These low consumption equipments from lighting to information screens or active systems in doors, windows
or other electromechanical devices represent a big difference in terms of consumption as well as maintenance
cost. One example is the Energy Star standard for green buildings that tries to assess the energy efficiency as
part of the environmental aspects (Energy start, 2006).
CO2 emissions
Buildings are the biggest contributors to CO2 emissions becoming responsible of the 35% of the global
emissions. In this sense the development of a future spaceport in Kourou also requires to assess this problem.
Using other materials than iron or concrete that require a high amount of energy to produce or to re-use as
well as integrate low consumption energy efficient design concepts will help in achieving exemplary facilities.
The use of industrial materials
Materials that do not need to use ‘wet’ unions like mortar or concrete also represent an advantage in terms of
reusability and cost reducing. We are talking about construction elements and system that can mount using
welding and crews in a more easy way. In the extreme, and to exemplify the possibilities we can see as an
example the Guggenheim Museum of Bilbao (Spain) developed using 3D CAM aerospace software and built by
connecting the different pieces fabricated in a factory (Santamouris, 2006).

Figure 5-5 : Guggenheim Museum of Bilbao. Developed using aerospace software for its assembly and design

Reusability and recycling
The application of this concept implies the fact that the construction itself as well as the materials used or the
waste generated could be re-used or easily transform to extend the life cycle of the raw materials involved. At
the same time the concept could very well apply to some of the functional elements, from windows and door
to air conditioning systems or industrial machines could also be re-used or replaced. For this matter the use the
right use of materials are crucial. Materials like wood, natural stone or glass are easy to recycle as well as to
assemble rather than to build, allowing a better treatment of the waste during the construction and being later
dismantled.

As presented in the environmental conditions of Kourou, this area presents a moderate temperature during the
year with an average of 28 Celsius degrees (Climate, 2011). In terms of the concrete construction process or
welding there is any important influence due to extreme temperatures or thermal cycles. However, an average
humidity of 90% (Arianespace, 2011) and the proximity to the coast could represent a challenge for long-term
constructions.
The European Standard in terms of corrosion for metallic structures is the EN-12500-2000. Following this, the
case of Kourou represents a marine atmosphere, affected more or less by airborne salinity and the wind
directions (Landolfo, et al., 2010). Therefore, Kourou would have a corrosiveness category of C4 (high) or C5
(Very high).
Taking into account the high level of reliability and even stress in some of the structures related to the space
activities, such us launch towers and pads or assembly buildings, the construction of this elements should be
done following measures to compensate the action of salinity (clorine) and high humidity in terms of corrosion
(Dean et al, 2010), as well as taking into account other environmental conditions like average weather, etc. This
way the life cycle of the structural elements can be extended and the option of reusability improved, reducing
the immense cost by corrosion, deteriorations effects and subsequent maintenance in big structures.

To deal with corrosion problems in tropical environments such as this, as well as to resist some other
environmental conditions there are: the use of coatings for metallic surfaces (Daflou et al.), passivation, better
modeling to estimate future condition of corrosion and material behavior as well as the use of new alloys or
cathodic/anodic active protections (Roberge, 2000).

Public-private partnerships might have some influence in the way we construct and design for a facility like a
spaceport. For this matter, public funding in terms of construction could lead sometimes to bigger projects,
over budgeted that require future additions or reforms in order to become fully operational. We could see this
in examples given by hospital, airports or harbors.
On the other hand, private constructions tend to require fewer times to become operative and start the
process of return. In that sense, many industries of several sectors tend to use a modular approach, dividing
the final work in functional stages. We can see this in factory constructions, which are divided into wings that
could become operative independently from other. This is a characteristic that certainly could be applied to a
future spaceport for human operation in Kourou.

As stated before, in most occasions the environmental friendly approach also means a way to reduce
maintenance and functioning cost. However in the case of a big development like a spaceport, we could see
the evolution of airports to research some of the principles to reduce this cost. This past is of great importance
due to the fact that it is difficult to assess long-term technical maturation and the adaptability of the facilities in
terms of economic evolution (Adams et al, 2009).
Aside from the use of this kind of technologies for its functioning and design there are some other aspects
relevant to the design. For instance:
The use of modularity in the construction allows reducing the cost originated in the fabrication
process. A concept that can be applied other systems involved in conditioning.
A deign that allow to quickly change the program of the facility allow adaptability in term of use in the
near future. E.g. open spaces that can be divided according to the needs.

The construction of a spaceport in the new future of the actual Kourou requires certain factor to take
into account to both reduce the cost of the investment and maintenance as well as to give an
example from a space sector that always looks toward a future. The is a number of technologies and
concepts that could very well apply to make this happen, nevertheless there are basically to aspect
that need to be solve. First the assessment of the near-term and long –term requirement of a facility
with this characteristics. If we take into account the evolution of airports and the principles of
adaptability and advanced construction is something than can be done. Second, the lack of complete
examples that show all these improvements applied to a facility of this sort with a huge need of
reliability and specialization. However, the research, evaluation and the professional criteria applied
makes us believe this is not only something that would have to be present in the vision of a Kourou in
2030 that hold human space flight activities but also that presents a an area of development that
need to be addressed. Kouou in 2030 would have to be adaptable, green and smart if it wants to be a
reality.

Once the underlying factors have been laid down in strong ground, the constituents as single
elements of a greater whole are addressed one by one connecting the dots of the final picture of the
future Kourou. The elements attempt to follow the experience of an astronaut or private spaceflight
participant from transit into French Guiana, training, medical checks and conditioning, all the way up
to landing and recovery. The unique features of the envisioned spaceport are presented along the
journey, which starts with the simplest: how do I get there?

Because of the geographical location of the Kourou spaceport (refer to the section “Spaceport Environment”),
the effective transportation for both people and cargo to and from the CGS has to be taken into consideration
for human spaceflight programs. It is essential that Kourou is seen as an attractive and easy access spaceport.
Presently, the means of transportation to Kourou is very limited. Therefore, in this section, potential future
problems related to transportation to the Kourou spaceport are addressed, giving some possible solutions for
both cargo and human transportation.
Transportation of Cargo: Currently most of the hardware of the launch vehicles are transported from
Europe by ship and ground carriage, and the spacecraft is mainly transported by an airplane. Although
a cargo transportation procedure has already been established, it might be necessary to increase its
capacity for possible growth of launch rate.
Transportation of People: The current way of transporting people to and within Kourou is established
based on limited numbers and types of people who visit. However realizing human spaceflight,
especially personal space flight, would require fundamental changes of the capacity and the way of
transportation.

The cargo transportation methods include airplanes, ships and ground carriage. Currently, Arianespace is
responsible for the transportation support and assistance of the associated insurance, customs, export licenses
as well as the equipment handling. The security and safety during the transportation are also managed by
Arianespace (Arianespace, 2008).
Current Transportation Abilities around CGS
There are three main transportation connecting points around CGS, which Arianespace currently is utilizing,
Rochambeau international airport, Cayenne harbor and the Pariacabo harbor. The Kourou Airport, which is just
nearby CGS, is too small to use for heavy hardware transportation and it does not have regularly scheduled
flight.
Rochambeau international airport located near Cayenne can handle any classes of aircraft including
cargo jumbo-jets. An Arianespace office is settled in the airport to arrange the transportation. The
road from the airport leads to the payload prepared complex (EPCU) in CGS at distance 75 km away
(Arianespace, 2008).
Cayenne harbor is located in the southern area of the Cayenne peninsula in Degrad des Cannes. It is
used for deliveries by commercial ships. The facilities there can manage large containers with less than
6 m draught. The harbor is about 85 km apart from Kourou connected by road (Arianespace, 2008).
Pariacabo harbor (The Pariacabo docking area) is dedicated for Arianespace’s ships to transport
launcher stages, spacecraft and satellites. It is located on the Kourou River near Kourou City, and is
accessible to EPCU by road of 9 km. This facility is completely under responsibility of CGS (Arianespace,
2008). The ship comes from Le Havre in France for the Ariane 5 launcher and from St. Petersburg in
Russia for the Soyuz launcher. The ships can take about two weeks to arrive at the Pariacebo harbor
from Europe (Arianespace, 2009).

Figure 6-1 : Routes of sea transportation to Kourou for Ariane 5, Vega and Soyuz (Arianespace, 2006, p.135)

The ‘MN Toucan’ and ‘MN Colibri’ are French cargo vessels for launcher transportation to Kourou operated by
Compagnie Morbihannaise et Nantaise de Navigation of Nantes by the request of Arianespace. They are
originally dedicated to Ariane launch vehicle parts but recently the MN Colibri also carried two Soyuz launchers
to the CGS (Arianespace, 2009).

Figure 6-2 : MN Toucan unloading Ariane 5 elements (CSG, 2011)

Customs Issues
Using the example of Arianespace transporting non human- rated space equipment to Kourou, insight is gained
into any possible import or export restrictions, including border and customs issues. All satellites and
accessories imported into French Guiana for temporary use are exempted from any import duty costs. Those
items transported to the CSG by coordination of Arianespace can go through the fast customs clearance
without any deposits. However, if a part of the items stays in French Guiana after launch campaign, local taxes
might be generated on the item (Arianespace, 2008). Similar approach can be performed after Kourou is
transferred to a human-rated spaceport.
Improvement
Current transportation systems can be used for human-rated hardware and can increase the transportation
rate as needed. However, In order to allow any commercial entities to become players at the Kourou
spaceport, the cargo transportation system has to be able to adapt to any type of launch vehicle and be very
flexible with its policies.
For Kourou to become an attractive destination for all people around the world by offering stable human
spaceflight, a steady and reliable cargo transportation system has to be established. Moreover, if the number
of flights is increased, improvement of the transportation system for cargo will be required to meet the
increased frequency of flights. Human-rated launch vehicles and spacecraft might be heavier and larger than
non-human-rated ones, so then additional or modified transportation method and/or facility have to be
equipped for them.

For human space flight from Kourou to be achieved, transportation of people will be a major issue whether it is
for professional or non-professional flight participants, staff working at the spaceport, or professional visitors
who comes to Kourou for business purposes.
Professional astronauts’ transportation
Transportation of professional flight participants will be one of important issues because it is necessary that
during launch preparation, they should remain stress free, healthy, and protected from any kind of injuries and
uncertainties. There should be special transportation services for them because of all these concerns.
Professional flight participants should travel to Kourou by special flights provided by the space agency. The
flight should be from Cologne, where EAC is located, to either CGS or Kourou Airport just like NASA provides T38 Jets to astronauts traveling from Lyndon B. Johnson Space Center to John F. Kennedy Space Center (Ryba,
2007).
Non-Professional spaceflight participants and general staff transportation
On the other hand, non-professional flight participants, staff and professional visitors do not require special
environmental condition for transportation. Most of the people travelling to Kourou are generally professional
visitors and employees. For them, the problem is that access to Kourou is not easy because there are a small
number of flights. This is clear in the Table 6-1, showing a small number of flights arriving at Cayenne
International Airport.
Only 8 flights per week from Paris, 2 flights from Brazil, 1 flight from each Haiti and Dominican Republic. The
other flights are from different part of French Guiana or French territory in Caribbean Ocean. There are not
many flights from major cities of world, currently, only direct flights from Paris to Cayenne.
Table 6-1 : Flight list of Cayenne International Airport (CCI Guyane, 2011)

City
Maripasoula, French Guiana
Saül, French Guiana
Fort-de-France, France
Paris-Orly, France
Pointe-à-Pitre, France
Belém, Brazil
Macapá, Brazil
Port-au-Prince, Haiti
Santo Domingo, Dominican Republic

Number of Flight per Week
12
1
14
8
9
1
1
1
1

Visa Issues
For entry to French Guyana people will be required to obtain entry visas. People from EU, USA, Australia, and
Canada are not required to get visa to French Guyana. They can stay for three months with return ticket and all
formalities can be done on arrival, but people from the rest of the world may require entry visas according to
the French rules (Consulate General of France in Chicago, 2011). Usually, it takes at least one month to obtain
visa and requires onerous documentations.
Improvements
In future, transportation should be addressed effectively, especially for professional visitors and staff working
at spaceport. There should be more flights from major cities to Cayenne capital of French Guyana and
frequency of flights should also increase as the activities at the spaceport increase. From the Rochambeau
Airport of Cayenne to Kourou, transportation services should be available for employees and visitors, at arrival
and departure. For distinguished guests, there could be chartered planes available for use. For other
employees and professional visitors, special services such as transportation should be provided at their arrival
in Cayenne. It is very important that a professional visitor have easy access to the spaceport, therefore special
support should be provided to clear all formalities at Airport.
Also, it might be inconvenient for non-professional flight participants and their families to come to Guiana. It
might be possible to offer them charter flights from Paris, but assuming they are coming from different places
around the world, picking them up at the Cayenne International Airport is more realistic. This also reduces the
responsibility and cost of the spaceflight operation company. From Cayenne to CGS, appropriate transportation
should be given to the customers. However, commercial spaceflight is still for wealthy people who might have
their own jets. Those people can fly to Kourou Airport. Also, a company, International Air Charter, provides a
charter flight to and from Kourou Airport (International Air Charter, 2010), which is another option of access to
Kourou for the non-professional flight participants and their families.
Concerning the visa, this may be a brake for the development of commercial human spaceflight activities. The
best situation could be that those flight participants and companions are waived to obtain a French visa, but it
might not happen in near future due to political and legal constraints. Therefore, a commercial spaceflight
provider should offer special assistance to support the visitors to get visa reducing their task as much as
possible.

With highly expensive, technical and sometimes classified space-related activities, security control is
paramount. Taking security measures around the Kourou spaceport is extremely important to ensure that the
working environment and all space flight participants are safe. Also, spaceports carry equipment and supplies
which, if tampered with, cause significant damage to the surrounding environment and related personnel.
With the possible addition of human space flight to the Kourou spaceport, the importance of security would
increase. In addition to the basic requirements for security, it is important to consider customer comfort for
commercial human spaceflight. A classification of the required security-related activities is proposed below.
The current security protocols at the Kourou spaceport are described below (CSG, 2011; Arianespace, 2011):
Internal security: Monitoring the entire spaceport to prevent access to restricted facilities by
unauthorized personnel, and taking actions if some problems happen.

o

Access control: To prevent unauthorized person from entering restricted facilities, CSG uses
the badge reader and alarm system called ‘Sphinx’, which constantly monitors access to the
buildings throughout the CSG and gives a warning in case of intrusions.
o Security guards: Surveillance and
protection of the spaceport is performed
by the French “Gendarmerie”, which is a
military force charged with the police
duties. They also have to control the
surroundings area and escort any
sensitive transportation.
o Closed-circuit TV (CCTV) : CCTV used as a
monitoring device at the Kourou
spaceport. It is distributed within the
CSG facilities and mounted on the wall
surrounding the spaceport to monitor
any dangerous objects and intruders.
External security: Aims to prevent any intruders
coming from outside of Kourou. This is also
important to control the external areas such as
the territory under the trajectory of the launch.
o Military protection: External security at
Kourou is currently under the
responsibility of French military forces
(“Armée de Terre”, “Armée de l’Air”,
“Marine nationale”) that controls all Figure 6-3: Gendarmerie forces escorting a tranport
(Credit: ESA)
possible risks from the ground, air, and
sea.
Nature management: Aims to monitor environmental conditions to secure the ground personnel and
to manage and mitigate disasters.
o Fire protection: Include a fire detector and alarming system called ‘Syncer’, fire brigade, fire
extinguisher devices, and vehicles such as fire trucks and water sprinklers. Since there are
plenty amount of explosive propellants at the spaceport, any fire needs to be extinguished as
soon as possible to prevent any major explosions.
o Floods mitigation: Rescue and evacuation in case of floods which may happen in the
spaceport. The ‘Brigade des Sapeurs Pompiers de Paris’ is responsible for mitigation of floods.
o Animal removal: Removal of harmful animals from the jungle such as snakes or dangerous
insects. The ‘Brigade des Sapeurs Pompiers de Paris’ is also responsible for this.
o Air monitoring: A system called ‘Codex’ aims to monitor air conditions to ensure that the air
in the facilities is always healthy for people inside the spaceport; especially preventing
contamination of the facilities during launch because the exhaust gas from solid booster is
harmful.
Personal comfort control:
First aid: The CSG is fully equipped to give first response medical support on the spot with first aid kits,
infirmary, and ambulances, which is the responsibility of the ‘Brigade des Sapeurs Pompiers de Paris’.
Noise monitoring: This element is important to take into account, especially with visitors.

Opening of security for civilian
Today, all the security issues in the spaceport are under responsibility of the French government. Military and
some private security companies which are under contract of French government are also working at the
spaceport. This system has been working quite well, for most of the visitors at the spaceport being
governmental personnel or employees of private companies which are contracted to the government.
However with the possibility of regular flights from Kourou with an increasing number of private passengers,
this system will need to be improved and strengthen to adapt to any evolving situations.
French or European tax payers may not be willing to see taxes, they pay, be used to help develop commercial
activities. To solve this situation, a certain part of security operation could be conducted by purely private
funded security companies. Adopting this concept will give a possibility to develop a public-private partnership
in this sector. Also, by using private companies, local job opportunities in Kourou would increase. This is also a
factorable situation for governments because their activities need to appear to benefit their citizens.
Considerations on security systems
Strengthening the security system at the Kourou spaceport to meet any increasing future demands will involve
the following requirements:
Reliability: Since launch activity is a very critical operation with many risks, the reliability of the system
is the most important. Security should be robust against the external threat such as computer hacking
or equipment tampering.
Cost efficiency: One of the biggest motivations for any PPP is to achieve the cost effective operation
using private sector’s know-how. Also, existing systems should be used or modified as much as
feasible to reduce costs.
Comfort: The security system should not provide negative feelings to civilian people especially for
private passengers because they will come as customers by paying expensive ticket prices.
The scope of security system: Since the spacecraft and launch vehicle include critical technical
information, access to restricted facilities should be strictly limited. On the other hand for
entertainment, private passengers need to access some to the spaceport facilities. Therefore it would
be necessary to classify the security level facility by facility.
Minimize downtimes after any disasters: To provide seamless service, it is important for both
governmental and private customers to keep a steady flow of business and launches. Therefore
security system needs to be recovered as quickly as possible after any disasters.
The environmental condition at Kourou: For the nature management it is necessary to consider the
characteristics of Kourou’s environment which is described in the “environmental” chapter.
Technologies
To realize an efficient and reliable security system, introducing new technology could be proposed. One
example of technologies that could help to improve security and monitoring activities is the Tethered Balloon
Monitoring System (TBMS). The TBMS can be deployed above Kourou to take images of spaceport from the air
and provides additional support for ground reconnaissance and observation. This system could be cheaper
compared to monitoring by airplane. This technology successfully completed security mission in Shanghai
World EXPO 2010 (AOE, 2010).

Figure 6-4 : test of world EXPO 2010 Tethered Balloon (AOE, 2010)

Developing and maintaining entertainment capabilities could be seen as superfluous, especially in a sector as
so serious as space sector. However, if CSG becomes a spaceport with human spaceflight activities, this should
be taken into account. Entertainment is obviously necessary if personal space flight activities are to be
developed, as potential customers will want to have other interesting activities during their trip to Kourou. This
will impact the attractiveness of the spaceport against the other spaceports and help to increase the number of
flights with more participants. These entertainment capacities could also be useful to improve the quality of
work of the professional community.
Entertainment activities can be classified into two elements:
Space-related entertainment: In this category are the activities that are mainly interesting for people
who will come to this place, such as personal space flight participants or their families. Indeed, people
coming to the Kourou spaceport because this place is devoted to space activities, not because the
hotels are good. These activities could be carried out by opening the facilities to the public, allowing
them to experience the astronaut training, getting the family involved, or other space activities.
Today, the Kourou spaceport already proposes some of these activities such as: discovering the Jupiter
Control Center and the Ariane 5 integration facilities; visiting the Space Museum; or watching an
Ariane 5 launch. Granting the general public and tourists’ access to the spaceport will raise interest in
space activities and increase space awareness. Public involvement is an essential step in promoting
the tangible benefits of exploring space.
Non Space-related entertainment: These activities are complementary and necessary elements.
Restaurants, luxury accommodation, or tourist attractions are a few examples of this category.
Discovering these entertainment capacities will not be the main goal for the visitors, as they can be
found everywhere in the world. However, their absence could influence negatively the spaceports
attractiveness. In addition, entertainment and lodging complexes are important in improving the
quality of life for the working community at the spaceport. Today, the Kourou spaceport does not
have a lot of these facilities. The CSG is quite isolated: the closest shop to the spaceport is about 7km
away and the only external lodging facility in the spaceport is an abandoned youth hostel. The region

is not really developed for this tourism purpose, and the low populations of the surrounding cities, and
the absence of famous locations is a block for any tourism development.
Like any other business, commercial HSF at Kourou needs to develop progressively. It is expected that the
services for the entertainment services in Kourou will be costly, and a great investment will be needed to start
with the commercial business at the Kourou spaceport (Goehlich, 2003). With time, maturation, and an
increase in the scale of activity, it is expected that prices will fall and will lead to a mass-market business. It will
demand a good marketing strategy to wash the current picture of Kourou from people’s mind and attract
people. A good entertainment facility could really be helpful at this stage.

It is important that the experiences gained at the Kourou spaceport will be aesthetically pleasing and
stimulating for space travelers, their families, the general public, and the working community crew.

This section proposes a classification of entertainment activities that are related to Space.
Opening the facilities to the public
The Kourou spaceport has, and will have, many facilities used to carry out the space activities. Simply modifying
these facilities and opening them for public visitors will be, from an economical and environmental point of
view, an inexpensive way of creating entertainment. However, this will need to be done taking into account
various constraints, such as consequences on the operations, security issues, and the accommodation of the
normal use of the facilities with the specific regulations applicable on visitors.
The rocket assembly integration, launch control center, spaceport launch pad or the overall Kourou site are few
examples of available facilities in Kourou that could be used for entertainment purposes.

Figure 6-5 : General public visiting the Kennedy Space Center facilities (Credit: NASA)

Experiencing the astronaut’s training
The dual use of training facilities could be an interesting way of providing the public with an insight of the
astronaut life. Many people are looking for such experiences as entertainment, and Kourou could be the best
place to find those. Participating in theoretical training such as lectures about Space, or practical training such
as centrifuge or simulators would also play a great education role and would contribute in providing a deeper
understanding of space. It will develop a new attitude towards the sustainability and quality for our children
and future generations.
However, such a system would add complexity since employees are required to provide the service and hence
increase the cost of running the spaceport.
Involvement of family with the space participant from the ground
A requirement that will be extremely important for personal space flight participants is sharing the experiences
with family members. For example, when someone does a first parachute jump, many family members want
to see and encourage him or her. They will be there to help him or her preparing, look at him or her entering
the plane, and will be there at the landing. Family involvement would certainly be a factor for a personal
space flight participant, and also for professional astronauts.
The family will want to feel and participate indirectly to the space endeavor. Therefore, systems need to be
devised so as to provide this service. Families may want to watch or communicate in real-time with the
participant during his or her flight, interact with him or her to share the sensations. They may want to be
present during his or her return to Earth, take pictures, or just enjoy the situation.
Family involvement would bring additional financial return for personal space flight market at the Kourou
spaceport. However, families’ involvement will require the implication of psychological support in case of any
distress situations. This point is already addressed with professional astronauts, but may need more
development in case of developing personal space flight activities.
“Classical” space-related activities
Other space-related entertainment activities that visitors may enjoy during their stay in a spaceport are
activities that they can do themselves, or that they can do anywhere. Less secured activities could be sky
observation, space museums, space movies, or space simulation games. Visitors could do these activities
everywhere; hence they will need to be able to do them in a place like a spaceport. These complexes will help
to provide a complete space-themed experience, and even if they are not strongly related to Kourou, are
important to provide.

On top of the space-related entertainment, another element to take into account is possible side activity.
When a tourist goes to a ski resort, they will find ski slopes, ski shops, and alpine food. However, they will also
find other activities, such as cinemas, which are absolutely not related to mountain sports. This point is
extremely important as it will bring the feeling to flight participants and working communities to have a
complete and satisfying environment.
Carlier and Gilli (1995) already noticed that building non space-related entertainment facilities will require a
large investment and funds to make Kourou more attractive in a more open and conducive environment. Also,
this sector of entertainment can be extended with many ideas. The demand will be directly connected to the
spaceflight activity but will give the opportunity to create a strong side-market on top of the space activities.

This could potentially increase the revenue of French Guiana, which in return will be interested in participating
in the organization of these activities. It may also require a public private partnership for funding and for
operating.
However, rapid construction and expansion of existing infrastructure in Kourou could have adverse ecological
and social impact. For example, construction materials and road works could introduce unnecessary waste and
damage to existing wildlife habitats. As it currently exists, the infrastructure is ideal for short term expansion of
the Kourou spaceport; however new policies may be required for long term expansion, especially when
considering non-space related activity.
Tourism in the region
The Kourou region could provide many attractions. The natural Guiana Amazonian Park, the three islands near
to Kourou coast, and beaches are few examples of other attractions that can be offered for space participants
and their families. Existing tourist attractions at Kourou would promote its accessibility to the public. Space
participants will have the chance not only to learn about space, but also to gain cultural knowledge.
The main advantage is that this kind of tourism only requires some organization. The things to visit are already
present, but need to be marketed correctly. This could be done naturally with increasing number of visitors.
However, if tourists would like to travel farther into French Guyana, safety concerns arise when interacting
with the indigenous people.
Luxury accommodation
In addition to current accommodation already present at the Kourou spaceport, a new kind of luxury
accommodation will have to be developed to attract human space flight participants. This is particularly true in
case of private tourism, where participants paying a lot of money are expecting a high standard of living.
Therefore, having luxury accommodation facilities such as five star hotels or resort centers is essential. These
facilities should be built near , or attached to, the spaceport (Webber, 2009). It will serve as an attractive place
for relaxation, thus creating room for the general public to journey to the spaceport, even when they have no
intention of flying, and are not related to those travelling to space. Based on the situation at Kourou today,
building luxury accommodations will need great investments, and may benefit from a public private
partnership.
“Classical” entertainment activities
In the same logic than the “classical” space-related activities, people need simple entertainment attraction. As
they can do it everywhere, they will also want to have it in the spaceport. Restaurants, cinema, theater or sport
are these kinds of samples that people will want to be able to enjoy, even during time in a spaceport. It will
improve the quality of life for both the working community and the space participants.

As it can be seen from above, entertainment is an important factor to increase the attractiveness of the
spaceport. Not only is this necessary for space flight participants, but could also help to improve the quality of
life of the working community at Kourou. A positive working environment can drastically influence a person’s
mood, stress level and mental alertness. These factors will then make the Kourou spaceport more appealing for
the personnel.

Moreover, to ensure a good working environment, psychological monitoring can be provided at the Kourou
spaceport. One type of psychological support activities is the psychological status evaluation and selection for
astronauts and on ground professional community. It is an effective and economical method preventing
adverse results before happening. Furthermore, training and team building are long-term methods to improve
the psychological status, and help create a good atmosphere in inter-group trust and communications. Lastly,
continuous monitoring of psychological states, especially of astronauts in space through video monitoring and
e-mail exchange, is a key channel to understanding the emotional status of every participant and enables
instant countermeasures.
Keeping the quality of life high for the spaceport staff is important to mitigate the fact that the Kourou
spaceport’s current status may not be attractive as it exists today. This will avoid unnecessary overhead such
large salaries on site personnel and attract the best working elements.

Health care has always been a key component of human spaceflight activities. The constraints of spaceflight
and the environment in spacecrafts require a stronger attention on health issues than on classical activities.
Health of the participants needs to be always kept as good as possible, because any health problems could
really endanger the full mission. To develop human spaceflight activities, we can classify the health related
activities:
Medical checks: Medical checks are important for human spaceflight to prevent any potential diseases
in space, where medical equipment is limited. Today, ESA requires astronaut applicants a JAR-FCL 3
Class 2 medical examination certificate, which is a widely accepted standard in Europe for aviation
pilots authorized by Joint Aviation Authority (JAA). This certification is issued by a certified physician
such as an Aviation Medical Examiner (ESA, 2008). Medical checks are also done on European
astronauts during their flights in partner’s spacecraft. Thus, Europe could use this experience to
develop its own standards.
Health monitoring: Health monitoring activities are a continuous control of the health level. These can
be carried out in flight, with specific equipments and data link between the spacecraft and ground; but
is also important to be taken into account in the spaceport, especially in a place such as Kourou, which
has a tropical environment with associated health risks. Today, Europe has a lot of experience in this
topic, as the EAC is responsible for the medical monitoring and care of the European astronauts. Also,
the Kourou spaceport already deals with environmental health risks.
Medical care: Even with the best environment possible, an accident or a sickness can always occur.
This is why medical care capabilities have to be developed in a place such as the Kourou spaceport.
The complexity of the medical act will be strongly dependant of the serious health problem. The
medical care for space participants is provided not only physically and physiologically, but also
psychologically (Clement, 2005). Moreover, Europe has experience through its involvement in ISS.
Environmental control: Environmental control is a method or system to maintain the environmental
condition inside of building or in particular area. There are many parameters that can be controlled
such as temperature, humidity or pressure depending on the demand. Environmental control systems
are designed to keep people in a comfortable status and safe from environmental hazards. Today,
there are some minimal environmental control systems at the CSG such as air conditioning. Because
of the high level of health requirement for flight participants, a unique and delicate environmental
control system must be in place at Kourou.

Each flight participant must have the ability to tolerate the stresses of space flight, which may include high
acceleration or deceleration, microgravity, vibration and noise in sufficient condition to safely carry out his or
her duties. Therefore, medical checks are required to select the flight candidates, but the medical requirements
should be different between professional and non-professional flight participants because "Astronauts are
selected for health; space participants are selected for wealth” (Clement, 2011). The problems associated with
medical check are related to how the selection criteria can be decided, how all flight participants - both
professional and non-professional all over the world - can receive this certification, and how on-site medical
checks facility for public and commercial purpose can be shared.
Selection criteria
The flight participants should undergo a medical screening that is appropriate based on the mission profile
taking into account any pre-existing medical conditions. However, the selection criteria for personal space
flight participants must be different from that for professional flight participants. The purpose of medical
checks for professional flight participants follow a ‘select out’ principle, to reduce the amount of medical
problems an astronaut can face while being in space. On the other hand, commercial programs have a ‘selectin’ principle, to maximize the number of passengers that can be accepted. The minimum medical requirements
for the personal space flight participants are that they can participate in all pre-flight testing, training,
biomedical data monitoring, and in-flight operations that may be required in any situations.
The Table 6-2 shows some examples of criteria of medical checks for professional and non-professional flight
participants. It becomes visible that the requirements for non-professional flight participants are far less than
that of professional flight participants.
Table 6-2 : Samples of professional and non-professional medical requirements as it is now for FAA (Clement, 2010).

Professional

Non-professional

20/150
Uncorrected: correctable to
20/20 each eye
Uncorrected < 20/20 each eye

Correctable to best eye

Each ear:
30dBA@500Hz
25dBA@1,000Hz
25dBA@2,000Hz
50dBA@4,000Hz

Must hear whispered voice
at 1 m (hearing aid allowed)

Element of medical check
Distant vision

Not specified

Near vision
Hearing

Obtaining the medical certification
Medical checks need to be carried out a long time before the flight, just before the flight or after the flight.
That’s why medical facilities are needed at the Kourou Spaceport, and today they do not exist.
However, it would be difficult to require all space flight participants to do all their medical checks at the Kourou
spaceport. What would happen if they come to Kourou and are not certified valid for the flight? They will need
to know, before coming to Kourou, if they are valid or not. The presence all over the world of medical centres
accredited to give this certification is important, as this will strongly simplify the certification procedures. These
centres could simply be private doctors that need to be recognized by the spaceport.

An important medical consideration is acceleration (Clement, 2011). Medical checks such as maximum gravityforce endurance resistance tests that require a centrifuge cannot easily be done in many places, and definitely
not in small doctor’s office all around the world. For these specific parts of the medical checks, we need to find
a way to centralize the tests, and that’s why separating this check campaign into 2 steps could be a solution:
General medical checks, which does not require specific facilities, could be done close to the
participants location
Medical checks involving complex and expensive facilities could be done in the Kourou spaceport.
It is also important to notice that for public astronauts, the first step could be still done in the European
Astronaut Centre. It already has complete program for astronauts’ selection, training and medical monitoring.
An idea for the medical check facility in CSG is to run them by a private company. Since these medical checks
do not require overly special medical equipment, an even more optimizing way is collaboration with local
hospital in Kourou. In this case, however, maintaining the isolation of flight participants could be a problem.

Health monitoring and medical care can be merged in one topic as they are strongly related. The requirements
for both will depend on the seriousness of the medical act to do.
Prevention, monitoring, small medical acts or surgery are all elements of this topic, and can be carried out for
public astronauts, In order to classify the different

6.4.3.1 Small medical acts carried out in the spaceport
Many medical activities could be carried out in the spaceport itself. These simple medical acts does not
necessary require complex medical facilities.
Medical care and monitoring in the spaceport
These small acts do not require any hospital or any complex facility, and are today mainly carried out by the
“Brigade des Sapeurs Pompiers de Paris” (See chapter Security). Some examples of activities in this category
are vaccinations, preventive medicine or first-aid in case of personal small accidents.
The spaceport medical facility should store and maintain an appropriate amount of medical supplies to treat
crews and space flight participants in the event of an emergency. In addition, the location of the spaceport
medical facility should be accessible to the spaceport terminal buildings, to the general public, and to
emergency transportation equipment. These activities need to be as possible for all participants, because that
will be done quite often and will increase with the number of flights.
Medical care and monitoring for participants in Space
Health monitoring is a big task during a spaceflight, and Europe already has facilities and experience for that in
EAC. Any medical act occurring in space is supervised by a flight surgeon from the ground. To realize a dual use
of these medical activities for both public and private human spaceflight, the health monitoring and medical
care part there could be conducted by a private company who will take care of all medical services in space for
all flight participants.
Since there is already equipment at the EAC, it may be possible to modify it for commercial use. From a political
point of view, it might be difficult to create a public-private partnership at the EAC. Because the EAC is located

in secured area in Cologne, Germany under main control of DLR, a PPP might interfere with the regular
European astronaut training.

Figure 6-6 : Astronauts carrying out ultrasound examination of the eye aboard the International Space Station, connected
through a direct line to doctors on Earth. (Credit: NASA)

6.4.3.2 Bigger medical acts that requires specialized facilities or skills
Medical care in the spaceport
This medical activities need to be taken into consideration in case of emergency, such as an accident on site or
in-flight, disease due to environment. There needs to be a distinction made between the first-aid, as explained
above, and the serious medical procedures, such as surgery.
Hopefully serious medical procedures will not happen often, even if the flight activities increase a lot. Building
an independent hospital in the spaceport may not make sense. Instead we could propose to use the existing
public hospitals in the region. Today, the city of Kourou has a modern hospital with a 24-hour emergency
service (ESA, 2010a). The French Red Cross hospital is located at about 5 km away from the CSG. Also, a general
hospital, “Nouvelle Mairie”, is located at about 6 km away from the CSG. In Cayenne, there is a bigger hospital
which can accommodate many more doctors and modern equipment than the one in Kourou. Cayenne is about
60 km away from the CSG. Depending on the severity of emergency situation and time consideration, one can
decide which hospital should be used. In that case, the transportation mean of patient becomes important.
The dual usage of these facilities can reduce costs, and provide benefits for both the spaceport and the town.
The spaceport only needs to maintain a minimum requirement of medical facility to support basic service.
Medical care in-flight

There are limited human resources in-flight for advanced medical care, especially in case of possible surgery in
space. To solve this problem, telemedicine and telesurgery could be proposed. Telemedicine and telesurgery
are methodologies of medical procedures that allow us to carry out health care in a remote location. With an
adapted communication link, the patients’ vital data can be received in real-time from the spacecraft. This can
provide video conference between the spacecraft and an expert centre, such as a hospital.
Operating telesurgery, however, is already difficult on Earth, and is even more difficult in space, especially due
to the low gravity levels. Conducting telesurgery in a microgravity environment can cause problems with blood
escaping into the environment or physical changes such as the shifting of internal organs. These specific
challenges require new equipment and additional training to deal with these environments (Clement, 2005).
Any microgravity related complications could be solved by applying artificial gravity to the spacecraft. Then, the
efficiency of the surgery increases and patient is also in a safer condition.

Figure 6-7 : Telesurgery project carried out by the German Space Agency (DLR) : MiroSurge command devices
(Credit : DLR)

The telemedicine center could be opened for public patients if it is not occupied by space flight users. Since
telemedicine can be conducted in almost any location, a convenient place to have a telemedicine control
center could be somewhere on the main continent of Europe. The telemedicine center could be operated by a
non-ESA organization to open the facility for non-governmental space missions and local use. Another
advantage is that the local hospital can involve more into the space medicine and can learn to use the
technology for general public becoming one of the world’s leading telemedicine centers. However, telesurgery
would not work when the patient is located at a distant point such as on Mars. The time delay will affect the
accuracy of operation. To improve the technology of telesurgery for future space mission, automatic surgery
can be a solution (Campbell and Billica, 2008).
The Figure 6-8 summarizes the interactions between the Spaceport, hospital and European facilities.

Figure 6-8 : Interactions between elements of the medical care chain

In addition to the regulations existing at the other human spaceports in the world, isolation of flight
participants from pathogens is very important in Kourou, because there are regionally specific diseases (see
section “Environment”). Some of the tropical diseases can be prevented by vaccinations, but not all. All flight
participants have to be protected from these diseases to avoid any health problem before and during flight.
The major vectors, transferring media of these diseases, are insects such as mosquitos and flies and also some
virus are brought through the air. Hence, an air-tight hotel and crew transportation vehicle are necessary
(Berthe, 2010). In order to do so, some methods of prevention and controls for the causes of these diseases,
which can be applied to Kourou in the future, are discussed in this section. Also, the climate in Kourou is
characterized by high temperatures and humidity, which might have a negative influence on an astronaut´s
health, so the centres internal environment and air-conditioning must be monitored.

6.4.4.1 Mosquito control
Among disease vectors, mosquitos are the most serious problem causing major diseases in Kourou. No other
human-rated spaceport is dealing with this issue in the same extreme, so mosquito control is one of the biggest
environmental control issues at the Kourou spacesport. There are several methods to reduce the risk of
mosquito bite. U.S. Environmental Protection Agency (EPA) (2007a; 2007b) suggests following techniques.
Natural water control: Since the spaceport is a huge facility, the first step to protect the area from
mosquitos is changing the surrounding condition to mosquito-non-preferred environment by

controlling water levels in lakes and eliminating small water spots which could be a breeding site. Then,
the mosquito larval habitats are reduced.
Chemical or Biological methods: Even if we succeed to reduce the habitable sites for mosquitos, it is
impossible to remove all the water sites in nature. The second method of mosquito control is larvicide,
mineral oils or films on the surface of the water.
Mosquito-proofed facilities: One way of physical protection from mosquito biting is to make a
building mosquito-proofed. This can be accomplished by covering windows and doors with screens to
prevent mosquitos from entering the building (Rozendaal, 1997 cited in Walker, 2002, p.9). As an
th
example, Mosquito-proofed houses with screening reduced the number of malaria by 96% since 19
century. In 1925, Pakistan implemented mosquito-proofing houses for army members, and achieved a
68% reduction in malaria cases. Screening a building is however, not 100% efficient as long as the
house has an open air conditioning system (Lindsay, Emerson and Charlwood, 2002).

6.4.4.2 Isolation of flight participants
Flight participants have to be put under medical isolation for several days before their flight, and only medically
approved personnel can enter the isolated area and contact with them. Tropical diseases are not the only
problem to look at. Other diseases or poisoning through air are also problems to flight participants. To remove
these air-borne health problems, strictly maintained air monitoring and control are necessary. Methods of
maintaining indoor air quality could be:
Positive pressure rooms: Flight participants could stay in positive pressure rooms where there is a
higher pressure inside the room verses outside. This high pressure causes the air in a room to flow to
the outside direction. Thus, no contaminated air from outside the room can mix with the air in the
isolation room. In other word, it reduces the risk of infected air transmission. This method is extremely
important when flight participants share a building with non-medically certified people, for example,
using a general hospital for flight participants’ medical check and care (Victorian advisory committee
on infection control, 2007).
Air filtration: The air from outside flowing into the flight participants’ room should be filtered
otherwise a positive pressure room still can be contaminated. A combination of filters increases the
efficiency of the filtration (The Interdepartmental Working Group on Tuberculosis, n.d.). Also, plants
in a closed room can be used to improve the air quality. The idea of using plants is attempted to apply
for whole building as filters into beating, ventilation, and air conditioning systems (NASA, 2007).
Closed life support system: To isolate people completely from the outside environment, a closed
system can also be a solution. This technology can come from life support system in spacecraft.
Applying the space qualified life support system is one of the solution for isolation of flight participants
to protect them from diseases coming from outside. Submarine is one of the examples where people
are in isolated environment. The three main issues associated with submarine environment are
producing oxygen, removing carbon dioxide, and controlling the moisture. The solutions for each issue
are conducted by several methods (Brain and Freudenrich, 2011).

Training is a crucial factor in human spaceflight programs. It prepares the crew for the challenges encountered
during launch, living and working in space, re-entry, and landing. It is important to effectively simulate as best

possible the physiological and psychological effects of all phases of the spaceflight. If these are simulated and
the best countermeasure strategies are effectively transmitted to the crew, they would be better capable of
withstanding stress and effectively dealing with emergencies during flight. Europe already possesses an
astronaut training centre, the European Astronaut Centre (EAC) located in Cologne, Germany, yet it does not
fully train astronauts. The following elements must be prepared in order to achieve autonomous European
training capabilities:
Training Centers: Facilities hosting training for both professional astronauts and personal space flight
participants including all requirements required to prepare the crew physically and mentally for the spaceflight.
Currently in Kourou there are no training facilities, but the EAC facility possesses on-site simulation
environments including a neutral buoyancy facility for EVA training and a full-scale mock-up of the ISS.
Training Programs: Dedicated training curricula for both professional astronauts and personal space flight
participants are required to address the specific needs of the mixed space flight crew of the future Kourou
spaceport. As Europe already has a strong astronaut group, a training program is well defined but not
complete. European astronauts currently go to the training centers in the United States or Russia in order to
complete their training. In addition, and this is true for the worldwide space community; there is a lack of
regulations or standardization for personal space flight participants.

Figure 6-9 shows the ISU Master’s MSS2 class in front of the European Astronaut Centre in a visit performed
during the month of March 2011.

Figure 6-9: ISU’s Master in Space Studies (MSS2) class at the European Astronaut Centre, Cologne, Germany (Credit: ISU)

Improving the European astronaut training capabilities
Even though European astronauts are fully trained, this training depends largely on collaboration with other
countries. To reach autonomy in human space flight abilities, this situation has to change. Astronauts will not
necessary need a new training center as the EAC is already present. However, this facility should be upgraded
to accommodate the required training program features that correspond to the complete training campaign
including: new training equipment, instruments, simulators, and mock-ups. It will still be important to develop
small training facilities in the Kourou spaceport for last-minute pre-flight training or debriefing.
Implementing training for non-professional space participants
To accommodate potential future personal space flight activity, full training centers - although much simpler
than those used for public astronauts - will have to be developed. Rudimentary centrifuge and simulation
facilities are a few examples of what could be established.

Figure 6-10 : Centrifuge training (Credit: NASA)

Currently, the EAC is strictly reserved for professional astronauts; therefore, new regulations concerning the
use of the facility by personal space flight participants must be put in place. Using a single facility adaptable for
both personal and professional training purposes would help reduce training program costs, yet a trade-off
analysis must be made in case there are compelling political or legal reasons suggesting otherwise. Another
logistical problem occurs with personal space flight participants. For instance, having the requirement of
sending space tourists to Germany for training and then to Kourou for launching is a constraint for the
development of personal space flight activities.
To avoid all these constraints, an optimum solution could be to keep an improved EAC for public astronauts,
and build simplified and complete training facilities at the Kourou spaceport for commercial personal
spaceflight participants. These facilities could still be shared for public purposes, which would therefore help
share the costs. Trade-off studies must be performed to ensure that existing facilities are not duplicated at the
Kourou spaceport and optimal cost-efficient solutions are found. Due to the specific environmental conditions
outlined in the ‘Environment’ section, Kourou’s training facilities are largely more expensive than the same

facilities in mainland Europe, including Cologne. Hence, careful decision-making is required to avoid
unnecessary cost increases.
Dual use of training facilities
Developing training centers will provide public relation assistance for human space flight and educational
activities, as well as promoting opportunities to industry for commercial experiments (ESA, 2009b). Opening
these training facilities to other uses would certainly be a good way to reduce the cost of operations. For
instance, using a centrifuge or simulation systems can be interesting for an industry for the testing of new
products, or using these facilities for educational purposes could be a positive learning opportunity for
children. It will certainly be possible to share or rent these facilities out, and then help to mitigate the cost due
to the disuse of the facilities.

Content of programs
The training program for professional astronauts has to be different from that of spaceflight participants.
However, in any case, the training can be classified in three categories:
Theoretical training: Involves the teaching of basic space knowledge (e.g. physics, systems) and of
human physiological reactions to spaceflight (e.g. microgravity, radiation and g-forces).
Physical conditioning training: Involves facilities able to simulate microgravity environments for
physiological training. These facilities include parabolic flights for preliminary exposure to
microgravity, rudimentary emergency survival training, light centrifuge endurance tests, and hypobaric
chamber exposure.
Simulation training: Involves teaching proper usage of systems during the spaceflight. It includes the
EAC neutral buoyancy facility, mock-ups, or simulators. Spaceflight participants should practice these
activities thoroughly.
Since astronauts are mission-oriented, and could stay in space for long periods of time, strict training is
required to ensure a successful mission. Arguably, it could be assumed that personal space flight participants
would generally be staying for a shorter time period than professional astronauts. Hence, for personal space
flight participants, shorter training programs covering the basics to ensure safety would need to be developed.
It is difficult to define an ideal training program for space flight participants because nor service repertoire or
markets are defined.
Virtual reality
For future HSF from Kourou, the use of simulators and virtual
reality could prove beneficial. Virtual reality is a system where a
user is interactively interfaced to a computer and engaged in a
three-dimensional visual task. Virtual reality has emerged as a
key technology for planning, streamlining and improving
training processes.
A good example of the application of this technology in spacetraining is the NASA Virtual Glovebox (VGX) developed at the
Ames Research Centre (NASA, 2002). It provides an immersive
training environment and simulates biochemical-experiment
Figure 6-11: Astronaut Michael Foale using
virtual-reality systems to train for space walk
activities. (NASA, 2007)

operations in microgravity with a good deal of realism (Smith and Boyle, 2002; Twombly, et al., 2006).
Virtual reality is a powerful tool. For example, gravity can be easily removed from a simulation providing
astronauts with a real-time three-dimensional feel of the microgravity environment while still on Earth. The
flexible virtual environment also allows for simulating of tasks difficult to set-up in real life due to restrictions
such as scheduling, location, and or cost. This technology has the potential to provide space flight participants
with practical simulation experiences in a very small span of time, and requiring minimal preparation.
The development of virtual environments should be adaptable to both astronauts and personal space flight
participant training programs. Three dimensional virtual simulations, however powerful, cannot be the only
element of the training program. Training mock-ups of real equipment would still be required in order to
ensure an effective training programme.
Training standardization
Training standards have been defined by the space-faring nations to guarantee the level of training ensures
safety and mission success. Since 1959, The United States and Russia have funded large human spaceflight
training programs. Today, these nations use standardized training curricula to prepare crew members for the
challenges of human spaceflight. Standardization permits streamlining of the training process and ensures
facilities are maintained and operated smoothly in a regular basis. In the US, the training program currently
focuses in the Space Shuttle, while in Russia, the main focus is the Soyuz spacecraft (FAA, 2008).
In Europe, since the training capabilities are not complete, there is no standardized training program. Training
varies largely depending on the mission. In the future, these could result in cost redundancy when training
programs are discontinued and then re-prepared from scratch, fitting market trends. It is recommended
therefore, that once a decision towards achieving HSF from the European port of Kourou is made, the training
programs be fully developed and standardized. This could prove challenging from the spaceflight participant
program’s point of view since requirements could be highly variable, yet standardization significantly aids
future cost and operational efficiency and goes hand in hand with the Kourou Vision beyond 2030.

In order to launch humans into space, a powerful, safe, and affordable launch vehicle is required. There have
been many creative proposals to reach space including: space elevators, air-breathing engines, and high
altitude balloons, yet the only proved method of launching into space has been with the use of rocket engines.
The ‘Kourou 2030 Vision’ proposes forward-looking requirements for all elements of the spaceport. The launch
vehicle, an undoubtedly key member of the port, will not be the exception. The launch vehicle represents the
connection between the ground infrastructure and space segments. A component of the ‘Kourou 2030 Vision’
includes an efficient, adaptable, sustainable, safe, and human-centered-designed launch vehicle family that
must implement new reliable technological developments.
Choosing the launcher family or concept: Making a decision when choosing a launcher, such as: a
rocket or space-plane; or expendable or reusable launch vehicle, has many political, economic, and
engineering rationales and would impact Kourou’s operations for a long period of time. Today, Europe
does not possess human space flight capabilities; however, it has already developed a strong and
flexible expendable launch vehicle heritage as seen below in Table 6-3.
Table 6-3 : Kourou Launch Vehicles (ESA, 2008)

The European Ariane 5 is already one of the biggest and most widespread launchers in the world. The launch
vehicle Vega is dedicated to small low earth orbit payload delivery, with a reference performance up to 1,5
tons and has been determined unfit for human spaceflight (Sanchez, 2010). The Soyuz-FG launch vehicle is
currently being readied for launch in late 2011, carrying the first pair of satellites to make the eventual GALILEO
constellation.
Implement future trends: In parallel with choosing the rocket family, future trends in the launch
vehicle industry need to be taken into consideration. This investigation has mainly addressed the
propellant options available to the next generation launchers, and has suggested alternatives to solid
and liquid hydrogen propellants. Furthermore, new trends in structural and thermal systems
materials are briefly investigated.

6.6.2.1 European considerations for the future
In 2003, ESA conducted a study on launching the Soyuz-TMA launch vehicle from the Kourou spaceport
showing that this vehicle has the full capabilities to conduct human spaceflight (Berthe, 2010). The study
revealed that the launch electronic systems needs to be modified from analog to digital, ensuring compatibility
with the human rated Soyuz vehicle: U, FG, or Soyuz 2. If the forthcoming Rus-M is to be launched from
Kourou, a complete new launch complex would be required (Sanchez, 2010). Furthermore, the launch escape
system would have to be completely modified given the close proximity to the sea.
Since the Soyuz is a non-European vehicle, it does not comply with the European policy of autonomy. Sanchez,
Senior Programme Engineer of the Future Programmes Preparation & Technology Office Launcher’s
Directorate, in a visit to ISU back in November 2010 openly indicated there is no political support to bring the
manned Soyuz to Kourou in the near-term. The current ESA policy is to diminish, not to increase, dependency
from countries outside ESA Member states.

The public-private collaboration of Kourou beyond 2030 could literally welcome any rocket as long as a political
compromise is achieved. Given the lack of support from ESA to fly a non-European human-rated rocket, it
seems prudent to consider European expendable launch vehicles. Historically, the Ariane 5 launcher was
envisioned as a launcher for both human-rated, and non human-rated spaceflight (Caporicci, et al, 2010). The
vehicle was studied in line with the Hermes and the CTV project. Furthermore, Europe is currently in the
process of developing a new Ariane 5 launch vehicle, termed the Midlife Evolution (ME), to replace the existing
Ariane 5 vehicles. A re-ignitable upper stage derived from the Vinci engine and improved payload performance
are envisioned (Sanchez, 2010). The Ariane ME passed the Launcher and Stages Concept Review should be read
to fly by the end of 2016.

Figure 6-12: Future Launchers Preparatory Programme rockets displaying concepts for the NGL family (Credit: ESA)

Europe’s government based launch vehicle future is being decided in the “Future Launchers Preparatory
Programme” (FLPP), which has two main periods of interest in this analysis. The Period “2.2”, from 2009 to
2013, focuses in evolving the Ariane 5, while the period “3”, from 2016 to 2025, focuses in the Next Generation
Launcher (NGL) design and development. The NGL design must start development after 2020, guaranteeing
European access to space beyond the Ariane 5ME. Figure 6-12 shows some of the system concepts developed
by industry and ESA within the FLPP. This includes the in-flight experimental vehicle, the ‘IXV’ (Figure 6-12: top
left corner), demonstrating key re-entry technologies and due for test-flights later this year (Sanchez, 2010).
It is important to note that the current Ariane 5 launch vehicle, even though it has evolved from simple
expendable launch vehicles, is not a modular rocket. It does not fly with the rocket core alone, or with smaller
boosters as do other modular expendable launch vehicle designs, such as the Delta, Long March, or H-2A
families (Isakowitz, Hopkins and Hopkins, 2004). This is because the Ariane 5 launch vehicle is solely designed
for GEO insertions of large payloads. The current version of this rocket is, therefore, not a flexible launch
vehicle and disagrees with the proposed future principle of adaptability for Kourou 2030. It is recommended
that the NGL trade-off analysis include modularity as an important selection criterion; given the inherent
benefits of adaptability addressed in the introduction section.

6.6.2.2 Analysis of launchers concepts capabilities
It is interesting to investigate today’s launcher families to help decision-makers understand the current
capabilities of launch vehicle technologies. Figure 6-13 shows a rough estimate of the crew size that an Apollolike capsule spacecraft aboard a given expendable launch vehicle (ELV) could carry.

Figure 6-13: ELV - Payload Performance to ISS (h=350km, i=56.1°). The graph shows the crew size of ballistic spacecraft as
a function of gross lift-off mass to give an indication of rough rocket family required for a given mission. Data obtained
from (Isakowitz, Hopkins and Hopkins, 2004; Umansky, 2003).

In Figure 6-13 the X axis above shows lift-off gross mass of the expendable launch vehicle (manned and
unmanned - ELVs). The Y axis shows both possible payload lift capacity to ISS’ orbit, and crew number
(assuming 2.5 tons per person) aboard an Apollo-like spacecraft. It is assumed that crew numbers increases
linearly with payload mass. We tried to find the best fit to the latter point and we found that it is hyperbolic (R²
=0.98), which shows that an increasing lift-off gross mass does not linearly increase performance/crew-size but
flattens out eventually. In the above graph both the Atlas and Titan launcher families have been eliminated
because these added no new information, and are heavier than their modern competitors. Furthermore, all the
expendable launch vehicle with capacities below the Soyuz’s have been neglected due to their small capacities
and lack of human space flight heritage.
When evaluating an expendable launch vehicles performance so the most effective one could be chosen to be
used at the Kourou spaceport beyond 2030, both the public and private players must decide on the target
launcher family. Figure 6-13 shows the rough crew size for a large number of rocket types. Depending on the
destination and the astronaut or personal space flight participant traffic, decision-makers must make trade-off
studies analyzing the size of the optimal ELV for a given mission. For instance, if the market lends itself to
regular orbital flights for either scientific research or personal space flight, a spacecraft fitting a crew of 3 might
be enough to serve the market. In such case, a Soyuz-TMA-like rocket would be the perfect choice. However, if
a large space hotel orbital complex is put in place, shuttle services with crew-sizes beyond ten might be

preferable and have higher return effectiveness. This also raises the important requirement of modularity in
the design of the launch vehicle. The concept of modularity is a perfect example of the principle of adaptability
presented in the Kourou Vision beyond 2030. The launch vehicles of the future need the flexibility to increase
and decrease their performance depending on the market’s trends and needs.

Figure 6-14 : Comparison between space planes and Apollo-like capsule spacecraft capabilties, destination ISS (h=350km,
i=56.1). Data obtained from (Isakowitz, Hopkins and Hopkins, 2004; Umansky, 2003).

Figure 6-14compares the performance of the ELV carrying Apollo-like capsules and the Space Shuttle’s
capabilities. Assuming a similar hyperbolic fit to the RLV performance, the contrast between the two clearly
shows that the ELV-capsule combination results in twice higher performance. This is due to the heavier nature
of reusable structural, thermal, and avionics systems. It was found that the Space Shuttle requires roughly two
times the gross lift-off mass than the Apollo-like capsule scenario. That is, at 2,000 tons, a current RLV
technology carries 7 persons while the same lift-off mass would carry 14 in the ELV-capsule case.
Lack of flight heritage results in slim-body RLVs (Hermes or X-33 like) and limits a realistic comparison to the
Space Shuttle exclusively. It is envisioned that the curve would lie in between the Space Shuttle and Capsule ELV as shown in Figure 6-14 above.
The pattern show in this figure therefore, clearly supports ELV-Capsule efforts over RLVs performance-wise.
Even though Europe has performed studies in RLV technology through the Hermes and X-33 programs, it is not
a well-known or mastered technology, and has only been operational in America. RLVs require large initial
investments and are highly complex (Tolyarenko, 2011c). This investment only makes sense when there is a
large market with a healthy number of flights per year. In light of public-private collaboration and the current
size of the personal spaceflight market, private industry would be hesitant to invest largely on a RLV a priori
without a solid well-sized market. Given a decision within a 5 year time-frame, and since Europe has not fully
developed reusable technology before, it seems that next generation launcher discussions would center on
development of an expendable launch vehicle. This would ensure a simpler, affordable, reliable, and better
known technology is chosen as the first step of European human space flight. Furthermore, with adaptability in
the mind of the engineers and designers: the design, construction, and integration of expendable launch

vehicles should be flexible in order to accommodate the future developments of reusable launch vehicles when
the market arises.

6.6.3.1 Propellant Options
Liquid Propellants
Research has raised important questions regarding the choice of propellant for expendable launch vehicle
engines. Currently many spaceflight vehicles such as the Space Shuttle, Ariane 5, and the H-2A, use liquid
oxygen and liquid hydrogen for the first stage core engines due to the high reaction energy, low molecular
weight, and environmental friendliness of the H20 exhaust.
However, the storage and handling of H2, which is to be kept below -253˚C, has proven to be a significant
challenge. With the high temperatures up to 33°C at Kourou, thermal control of liquid H 2 is especially
challenging, resulting in the small Ariane 5 launch window between 0200 – 0300 hours when temperatures are
at a minimum (Tolyarenko, 2011c). The use of cryogenic propellant requires appropriate logistics support the
ability to store and process liquid H2, and specialized design for tanks and pipes due to thermal loading
(Gonzales, et. al, 1997). Evaporation causes changes in density, which further complicates thermal control
systems and limits the maximum duration of a given mission. Furthermore, liquid H 2 is a highly reactive
chemical, spontaneously igniting with oxygen in the atmosphere and burns at ultraviolet wavelengths invisible
to the human eye. Liquid H2 leaks represent a severe hazard, and safety systems are highly redundant and
complex. These factors have an influence in cost and launch rate due to complex designs, development, and
operations involving liquid H2.
This present document proposes that decision-makers conduct trade-off studies to ensure the most optimal
choice between cryogenic and non-cryogenic fuels, such as methane or kerosene.
Methane has several advantageous properties, including a higher density, easier storage and handling,
and increased economic competitiveness. Methane’s higher density and storage methods result in
simpler designs and smaller tanks. This increased simplicity reduces the development costs and
increases the payload performance of the launch vehicle by dropping the weight of the overall
launcher. Furthermore, methane results in simpler and cheaper operations since it does not require
the use of a Hazmat suit (Netting, 2011) or complex cryogenic processing. Finally, the wide availability
of methane as a natural gas in atmospheres of Earth, Mars (Netting, 2011) and Titan makes it
affordable compared to the use of traditional fuels and further reduces launch costs.
Rocket-graded Kerosene (RP-1) is another propellant option that could be used for the future engines.
It is, as in the case of methane, cheaper, easier to store and handle, denser, and safer than liquid H 2
for human space flight operations. It is currently used in first-stage engines of the Soyuz, Zenit, Deltas
1-4, Atlas, and Falcon 9 rockets. It is interesting to highlight SpaceX’s (Grinter, 2002) approach to
reducing costs by choosing Kerosene fuels due to its better availability and easier handling. Even
though the specific impulse of RP-1 rockets is lower than in the liquid hydrogen case (LH 2 + LO2
reaction is more energetic), it has a higher specific impulse per unit volume because the density of
Kerosene is much lower than that of liquid H2. This results in smaller, simpler, and lighter tanks
capable of achieving the similar performance. Furthermore, Kerosene is a ‘greener’ propellant since it
is not as toxic to humans, and it can be safely stored. It is also very unlikely to spontaneously ignite or

react violently with the atmosphere or other liquids; its auto-ignition temperature is above 220
degrees Celsius (Tolyarenko, 2011c). Since safety is paramount to human space flight missions, the
introduction of Kerosene to operations could mean uneventful fueling and launch-preparation
operations.
One of the disadvantages of hydrocarbon propellants such as methane and kerosene is the pollutants these
emit. While liquid H2 simply produces water and some unreacted H2, hydrocarbon propellants release the
infamous CO2, carbon monoxide CO, and Nitrogen oxides (NOx) (Braeunig, 2008).
Solid Rocket Engines
Currently, a large number of launch vehicles utilize solid-boosters during the first stages of launch to increase
payload performance due to their high trust per volume capabilities. Human-rated vehicles such as the Space
Shuttle, as well as unmanned heavy lift launchers, such as the Atlas V, and the European Ariane 5, use solid
rocket boosters. These types of boosters are cheaper to design, test, and produce. However, research has
revealed important disadvantages of using solid rocket as first-stage boosters because of issues related to
human safety and comfort, environmentally friendliness, and safer ground operations.
Firstly, once solid rockets have been started, they are difficult to stop. Nozzles can be ejected and the casing
can be split to reduce the burn rate and pressure; however, the propellant never stops burning. Furthermore,
failure usually results in sudden and catastrophic explosions. The disintegration of the Space Shuttle
Challenger in 1986, which lead to the death of all 7 crew-members, (Grinter, 2000) was a clear example of the
effects seal-design failures could have on the vehicle and the crew. Current failure rates stand at 1% (Tega
jessa, 2010), and negatively affect the safety ratings of whatever vehicle uses solid boosters.
In addition to the safety hazard, solid boosters are known to introduce severe oscillations during launch
(Tolyarenko, 2011c). Spaceflight participants launched for recreation and personal enrichment reasons should
be provided with the smoothest ride possible. If the trip is uncomfortable, several customers, who have
probably paid large sums of money in the hundreds of thousand dollars for a ticket, would not enjoy an
uncomfortable trip. If the ride is rough, the public image of the service would be negatively affected. Also,
specialized training and medical conditioning may be necessary to ensure safety and well-being of the
participants.
Secondly, solid boosters burn propellant that releases various harmful chemicals into the air. Most Solid-rocket
engine exhaust is mostly composed of hydrocarbons, carbon-oxides, aluminum powder, aluminum oxides, iron
oxides, and also ammonium perchlorate (Rycroft, 2010). The later chlorine-based compound causes chain
reactions in the stratosphere, leading to a decrease in the ozone layer, and causes hydrochloric acid rains when
mixed with water. One of the vision principles defined for Kourou beyond 2030 is environmental sustainability.
The toxins introduced, namely by the Space Shuttle’s solid rocket boosters, do not have a significant impact on
the global atmosphere (<0.01% acid rain and approximately a 0.03% ozone layer depletion, mostly because of
low launch rates (Rycroft, 2010). However, if a sustainable European HSF program is hosted in Kourou, launch
rates are expected to go beyond these. Therefore, the use of clean environmentally-friendly propellants is of
great importance to our Vision.
Lastly, ground operations are less safe with the handling risk of solid propellants. In August 22 2003, 21
technicians at the Brazilian VLS rocket launch pad were killed by an explosion of one of the four first-stage solid
rocket motors (Clendenning and Murphy, 2004). After the solid propellant is poured into place and cured, it is
ready to ignite. Any electrical-system failure resulting in sparks or fire could have catastrophic consequences
for production lines, assembly, operations, and perhaps for the crew involved. Alternatives to solid-rocket

boosters are liquid propellant engines such as those presented above. Once more, a trade-off study is
suggested to decide between solid or liquid boosters for the launchers of the future.

While assembly and integration of launch vehicle and spacecrafts starts from the manufacturers’
factories in Europe, this chapter focuses on the operation at Kourou. The operation consists of three
main steps; preparation of the payload, integration of the launcher, and mating of the launcher with
the payload, plus launch pad operations. Although Europe’s experience has been limited to satellite
launches, the knowledge gained can be applicable to human spaceflight with some modifications.
The requirements for assembly and Integration tasks can be classified in three steps:
Preparation of the payload: The preparation of the payload includes a final integration, functions
check, and final fuelling. It is conducted in parallel with launcher integration. In addition, loading the
payload with consumables such as water is necessary for the human spaceflight. The experience of
preparing the ATV, which provides cargo for the ISS, at Kourou, has helped prepare Europe for future
challenges.
Integration of the launcher: This step consists of the assembly of all the separate elements of the
launcher. For instance, the Ariane 5 integration sequence involves: the integration of the solid booster,
integration and erecting of the main stage, attachment of two boosters to the main stage, then
mounting of the upper stage on the main stage. The final integration stage includes mounting the
payload into the launcher and encapsulates it in the final assembly building (BAF). Due to safety
reasons, solid boosters have to be integrated in a different building than the main integration facilities.
In contrast, the integration of Soyuz launcher is conducted in one building.
Assembly set up on launch pad: This step can be related to integration logistics and involves the
transportation of the final assembly to the launch pad along with its integration. For instance, the
Ariane 5 is transferred to the Ariane launch zone (ZLA) by the launch table. In contrast, the payload of
the Soyuz launcher is mounted on the launcher after it is erected at Soyuz launch zone (ELS) without
payload. In case of human spaceflight, boarding procedure of crew needs to be added.
Through the entire operation at Kourou, the important approaches to take into account the reduction of
complexity and cost of integration, the increase of launch rate, and the mitigation of health and safety risks for
the technicians and passengers.
In the next section, the example of Ariane 5 as a starting point to describe the possible evolutions for the future
Kourou spaceport. The Figure 6-15 shows an overview of the today’s integration and assembly procedures.

Figure 6-15 : Vertical Integration of Ariane 5 (Credit: Arianespace)

At the Kourou spaceport, the preparation of the satellite is conducted at the Satellite Preparation Complex
(Ensemble de Préparation des Charges Utiles, EPCU). Since the Ariane 5 can launch two main satellites, plus
some small piggy-backs at a time, EPCU allows for a maximum of four satellites to be integrated at a time (CNES,
2011a). If the Kourou spaceport starts to launch manned space crafts, a modified integration facility is
necessary. Since the requirements for the facility such as cleanliness are basically the same among the satellite
and human-rated spacecraft and, in fact, Russia uses the same facility for both the Progress and Soyuz
spacecrafts (Hall and Shayler, 2003). The current EPCU could certainly be used for the preparation of
spacecraft. However, the facility will need to be improved in term of adaptability, and the definition of which
stream of preparation (human-rated or non-human rated) to use will change according to the schedule of
launches.

Continuing with the case of Ariane5, since integration facilities are distributed in Kourou, it causes additional
cost and time for transportation. This impacts strongly the launch cost. Another point is transportation is one
of the most risky operations because the launcher is exposed to external environment. Therefore it is
important to seek how to improve this situation. Also, since propellant fuelling is crucial operation, propellant
selection is the key for efficient and safe way of integration.
Concentration of the facilities
Concentration of the integration facilities is an effective way to reduce the transportation time and cost
between buildings during integration. This could also increase the working efficiency because engineers and

managers would be more accessible. In addition, it would add more safety and reliability to the operation by
decreasing the exposure duration to external environment, which could cause some negative effects on
launcher. In fact, the Japanese launch vehicle H-IIA is integrated in one building including payload mounting
(JAXA, 2009). This concept is commonly used in some other counties such as Russia (Hall and Shayler, 2003).
To continue in this concept, an ideal situation could be to integrate all the assembly directly on the launch pad.
This would require an improved launch pad facility, but would certainly be an optimum solution in term of time.
However, the disadvantage of this solution is that the launch pad would stay occupied for a longer time, and
that it does not allow simultaneous integration streams as the integration of a spacecraft can only be started
once the previous is launched. To reduce this problem, the spaceport could have several advanced launch pad
of this kind. This could allow a very good control on the integration and launches of various spacecrafts.

Figure 6-16: Launch pad of the Gemini-Titan 1 (1964) allowing integration and launch in the same location (Credit: NASA)

Risks brought by the boosters’ propellant
One of the obstacles which prevent the concentration of facilities for the Ariane 5 integration is its solid
boosters. As the Ariane 5’s solid propellant is highly reactive it cannot be integrated in Europe, but instead in a
distant building from main integration facilities (ESA, 2011). Therefore, as a method to increase ease of
integration, finding a technology solution which would not involve solid rocket boosters would be beneficial.
For example, several cheap and reliable Russian launch vehicles such as the Soyuz, Proton and Zenit, and the
American company, SpaceX’s Falcon rockets don’t use solid boosters. One solution is using hydrocarbon-based
liquid propellant in the boosters. This kind of propellant is much easier to manipulate. Also, this solution could
improve safety because as only liquid propellant can be filled at the final phase, integration of the launch
vehicle can be conducted free from explosive risk until final phase. In addition, by using the same propellant as
in the main engine, costs, workloads, and risks in integration would be decreased. Finally, Europe had already
experience with the liquid boosters in Ariane 4 (ESA, 2004).

Toxicity of the propellant
The selection of propellant is crucial in terms of safety and complexity of integration procedure. In general,
contact with toxic propellant should be avoided to prevent any health damages for both passengers and
ground crew. Decreasing contact with toxic propellants also increases work efficiency, as workers need to don
special equipment when handling the toxic fuel (Figure 6-17). It is better to select propellant that can be easy
to handle for workers to avoid complicated integration procedures. Liquid hydrogen has excellent properties in
terms of specific impulse, but it is difficult to handle due to its extremely low temperature. It is also explosive if
it mixed with oxygen hence the safety issue is one of concern of the integration (Beeson and Woods, 2003).
Since reducing complexity leads cost reduction, it is important to consider manageability when selecting the
propellant.

Figure 6-17: Special suit for fuelling toxic propellant (Credit: ESA)

The biggest obstacle that would prevent the production rate of Ariane from increasing in the future is its
challenges with integration. To meet the possible future demand for human-rated launches from Kourou, it is
important to seek more efficient ways of integration. Also it might be necessary for increasing capacity for
production.
Horizontal/Vertical integration
Roughly speaking, the way of integration is classified into two types; horizontal integration and vertical
integration. The advantage and disadvantage of each way are shown in Table 6-4. For instance in Kourou, the
mounting of a payload in Soyuz is conducted vertically, which is different from the way in Baikonur, where this
step is done horizontally (Figure 6-18).

Figure 6-18: Horizontal integration of Soyuz (Credit: Samara Space Center)

A vertical integration requires high buildings and several working stages at different heights to access the
necessary points of the launcher. It makes the integration procedure complicated. Also it makes parallel
integration of launchers in a same building difficult. On the other hand, horizontal integration doesn’t require
the high building and the procedure is relatively simple and adaptable to design modification. Also since
horizontal position is more stable than vertical position, the influence of wind during transportation is smaller
and it enables faster transportation compared to vertical transportation (Tolyarenko, 2010a). Therefore
horizontal integration is an effective way to enable simpler and parallel integration.
Table 6-4: Comparison between horizontal and vertical integration (Tolyarenko, 2010a)

Integration
type

Vertical

Horizontal

Advantage

Excellent condition for propellant,
gas, power interface connections
Less complexity of launch pad

Not require high integration
building
Less complexity of integration
Less complexity of mobile launch
platform
Fast transportation to the launch
pad
Adaptability to design modification
of LV

Disadvantage

Examples

Requires high integration buildings
Requires many working stages at
different height
Less adaptability of facility to the
design modification of LV
Complicated design of mobile
launch platform
Slow transportation speed to the
launch pad

Space Shuttle
Ariane 5
Atlas V
H-IIA

Additional testing after LV erecting
Connection of fuel, gas and electric
interface to supply equipment on
the launch pad
Additional strength against bending
force might be required for hoisting
LV horizontally

Soyuz
Proton
Zenit
Falcon

Integration and launch capacities
In addition to increasing production efficiency, it might be necessary to have additional capacity for integration
and launch. To increase this capacity, a solution is to simply add a new integration stream with a new launch
pad. It is also important in terms of redundancy. For example, Soyuz has two launch pads in Baikonur (Hall and
Shayler, 2003). Today Kourou spaceport has four launch complexes as shown below (ESA, 2011d; CNES, 2011b):
ELA1 was used for Ariane 1, 2, 3 and now modified for Vega
ELA2 was used for Ariane 4 but not used now
ELA3 is used for Ariane 5
ELS will be used for Soyuz
Currently, the ELA2 is out of operation, but can be used for the next generation of launch vehicles (NGL) with
some modifications. Also, by using ELA3 for NGL after the retirement of Ariane 5, Kourou could have two
launch zones in the future.
In top of that, transforming the today’s launch pad for manned rated capabilities will interfere with the actual
commercial activities in this launch pad. As a result, and given that there is only one launch pad for all the
Ariane 5 rockets, this implies the construction or use of a completely new launch site if commercial satellite
activities are non-interrupted. Having 2 launch pads as suggested here would be a way to develop human
spaceflight without interfering with the today activities.

Launch preparation is a complex process composed of several activities designed to ensure the proper working
of the launch vehicle and spacecraft. Preparations also include testing the readiness of the flight participants
before launch. If these preparations are not completed properly, the mission cannot be start. As a classification,
the launch preparation can be divided into launcher, flight participants and scientific experiments and
preparations. The Kourou spaceport is today already launching unmanned spacecrafts. Hence it already
possesses many facilities and procedures to carry out these steps. However, this needs to be improved in order
to allow human space flight activities. To carry out human spaceflight at Kourou, the following requirements
have to be taken into account:
Launcher preparation: These activities start once the launch vehicle is integrated and installed on the
launch pad. Technical and mechanical processes such as safety assurance tests, technical checks,
launch rehearsal, and launch vehicle flight readiness reviews are performed to get ready for launch.
The preparation procedure for human-rated launchers is different from non-human-rated launchers.
The presence of humans requires a greater degree of safety checks and procedures that are not
required for un-manned missions.
Spaceflight participant preparation: All flight participants need to follow specific steps provided by
spaceflight operators before launch including condition checks, eating, suit donning, ingress, and
others related activities. This step is today completely lacking in Kourou since there are no human
spaceflight operations. However, since Europe has a long experience of sending humans into space in
collaboration with other countries, the accumulated experience could help establish a well-defined
preparation program.
Scientific preparation: A scientific experiment is usually flown into space in a container which holds
the experiment itself. All experiments, especially biological experiments, need to be prepared at the

launch site by integration in a rack right before launch. Today, Europe has conducted many
experiments on ISS, which were flown by Soyuz or Space Shuttle.

Preparation organization
Organizing both human-rated and unmanned launches is complex as the preparation for either of them is
different. Hence, in order to reduce cost, the organization of the launch preparation needs to be adaptable
between the two types of launches. This means that with the same facilities, team and systems, it should be
easy and efficient to manage and monitor the launch preparation for satellites, astronauts, and personal space
flight participants.
Time optimization
One key factor for return effectiveness is the rate of flights. Reducing and optimizing the time of launch
preparation would contribute to the increase of flight rate of the launch vehicle. The launch preparation for the
US Space Shuttle, for example, is intense and could take as long as four months from the start. This is a good
example of the time consuming and highly demanding nature of the launch preparation process.
From the Kourou spaceport, the launch preparation for Soyuz will usually take three days before liftoff. The
launch preparation for Ariane 5 takes around two weeks (Arianespace, 2011) which is comparatively very long
period. So it can be estimated that Ariane 5 can have maximum of 8 to 10 flights per year. However, even if this
may increase uncertainties, reducing this preparation time can help increase the flight rate, which will help the
cost reduction of flight.
To reduce launch preparation time, some portions of the launch process could be more automated, such as
fueling and automated interface to increase reliability and reduce the number of workers and decrease time.
Standardization of mechanical and electrical interfaces on the launch pads can also improve feasibility and
reduce time.

6.8.3.1 Launch Suits
The launch suit is used during the launch and returning on Earth, to protect space flight participant in case of
depressurization or other problems occurring during these steps. The launch suit is not the same as the Space
suit, which is also called the Extravehicular Mobility Unit (EMU). The launch suit is only used inside the
spacecraft, while the EMU is used to carry out Extra-Vehicular Activities (EVA).
In comparison, an EMU requires many complex systems to resist harsh Space environment, however, the goal
of the launch suit is to protect the wearer in the event of an accidental depressurization of the spacecraft or
fire during ascent and descent. Therefore, launch suits are necessary for human spaceflight from Kourou which
are adapted to the launch vehicle used in there. As long as space participants stay in the spacecraft, only launch
suit is needed.
Currently, Europe has no launch suits, but it is required to have one for the future human spaceflight from
Kourou. Europe could acquire these launch suits through technology acquisition and development, which will
be discussed below.
Technology acquisition

Europe is already collaborating with the Americans and Russians for astronaut preparation, and is using their
launch suits. The Figure 6-19 shows both of these suits used today. China, when developing their human
spaceflight program, acquired this technology from Russia. This example could be followed by Europe, by
establishing partnerships with a foreign government. This would help reducing the overall cost of launch suit
production, but legal and policy constraints might arise. Moreover, it would still be necessary to adapt these
suits to fit them with the European and Kourou need.

Figure 6-19: Astronauts and cosmonauts wearing the ACES and Sokol suits (Credit: NASA)

Another option is to develop original European launch suits. The Europeans already had a project of spacesuit,
the European Space Suit System (ESSS) that was developed for the Hermes program. This project was cancelled
due to shortage of funds (Abramov and Skoog, 2003), but gave some knowledge in suit design that could be
useful. The Hermes system requirements necessitated similarities with the Soviet/Russian ORLAN spacesuit
system (Abramov and Skoog, 2003). This choice would require lots of development costs, but it would bring
technology transfer and spin-offs to European society. Private industries can also be invited to help with
developing a good design as well as in the production process.

Suit optimization
Making the suits adaptive is a way to help to solve this problem. Using only one suit for launch and any EVA,
this new adaptable suit would reduce the cost of development and also reduce the mass to be carried to space.
This new design should be lighter than classical EMU suits, and more resistant than classical launch suits. This
technology could also be made adaptable for personal space flight participants. The same suit could be also
utilized for paid spaceflights instead of having to design different ones from scratch. An example of adaptability
is a removable individual life support system carried on EMU suits which is not necessary for launch suits.
NASA has described their launch suit (ACES) as “bulky” (Heiney, 2008). Ultra-light materials can be utilized to
reduce the weight and enhance mobility. However, this kind of material is today very expensive, but in 2030
the situation may be different. Trade-offs are required.
Reusability of the suits would drastically reduce the cost of production. Another consideration is the possibility
giving the suit out as souvenirs having incorporated that in the flight cost for the non-professional flight
participants. In this case, however, a question can be raised about the reusability of the suit and the cost for
the customer, as additional money would have to be requested.

6.8.3.2 Team
The preparation of astronauts involves many teams of technicians. These teams assist the astronaut crews in
donning and doffing the suit, as well as strapping the crew into spacecraft before launch. To carry out both
professional and personal space flight, the organization of the teams needs to be modified.
As they are very close to the spaceflight participant, the preparation team members need to be particularly
attentive to the level of care they give to personal space flight participants. As opposite to technical
preparations that are done in background, here, the participant will see and feel the difference of attention
from the preparation team. Proposing to use one team for the two situations may be dangerous. Indeed,
technicians employed in the public sector would not have the same relation with the customer than those
employed in the private sector, simply due to the fact that the objective is not the same.

6.8.3.3 Optimization of the preparation procedure
Self-donning
The procedure of donning a suit on a flight participant is complex. It takes a long time and requires many
technicians. Reducing or even removing the people helping the participants wearing its suit would be an
effective way to save money and time. Also, autonomous preparations for a personal space flight participant
may have some psychological advantages. However, it is important to note that there have to be some
technicians to confirm the suit is donned properly and is intact.
Transportation to the launcher
A key element of the launch preparation is the transportation from the safe preparation building to the safe
environment of the spacecraft. This step is crucial as flight participants need to be maintained in a controlled
environment and the travel may be long. Optimally, a vehicle must be adapted to carry all the environmental
control systems. For instance, NASA astronauts ride on the crew transportation vehicle called “Astrovan”
(Figure 6-20) accommodated with a ventilator system inside. This van is used on the launch day of the Space
Shuttle, to go to the launch pad from the operations and checkout building (Mansfield, 2008).

Figure 6-20: NASA’s vehicle for crew transportation to launch pad (Credit: NASA)

Settling in spacecraft optimization
Professional flight participants need to ingress the spacecraft a long time before launching, and have to wait for
all technical checks. Depending on the design of spacecraft and launcher, today astronauts are expected to stay
a few hours in the spacecraft before the launch, and sit in a launch couch, in their launch suit. However, for
personal space flight participants, it will be difficult to request that they stay in the spacecraft for two hours in
such an uncomfortable position. A respectful and customer-oriented flight should be more flexible. The
spacecraft has to be designed in such a way that the flight participants can ingress the spacecraft at the last
moment.

Figure 6-21: Astronaut sitting on a Russian launch couch (Credit: NASA)

Developing human space flight at the Kourou spaceport will be a great opportunity to develop European
scientific experiments capabilities. In the future, besides the classical public sector, more organizations,
companies and researchers could also benefit of autonomous European scientific capacities. The issue is to
know how this field can be opened and made efficient along with human spaceflight taking into account the
dual use between public and private.
At the Kennedy Space Center (NASA), a building called Space Life Sciences provides support, facility and
equipment to host ISS experiment (Heise, 2006). This is also a place where final scientific payload preparation is
completed before Space Shuttle launch for cells or plants in NASA.
In the case of Europe, the main facility used to prepare the scientific payload structure could stay in Europe for
convenience. However, to install the sensitive content inside this payload structure (microbes, plants, animals)
a dedicated facility needs to be added at Kourou. This facility needs to be adaptable and flexible for different
kind of payloads and to be shared between all actors. The operations in this building could be confided to
external actors being a good way of creating a PPP in launch preparation activities.

Communication systems are an integral part of any space-related activities. Along with the need to
communicate with other partners around the world, it is necessary for communication systems to be in place
for communicating with spacecrafts, including satellites and space vehicles. For satellites and other unmanned
space-based structures, communication systems allow control centers on Earth to maintain and monitor the
telemetry of the proposed systems. For human missions, such as the International Space Station,
communication systems are a vital component. Crew safety and mission goals rely on communication systems
to be in place. The requirements to develop a successful communication strategy include ground stations and
control centers on Earth, as well as methods to communicate:
Ground stations network: The ground station network is a terrestrial terminal designed for
telecommunication with spacecraft by transmitting and receiving radio waves in various frequency
bands. A global network around the world allows for keeping contact with the spacecraft at any time.
Today in Europe, the ESA tracking station network is a worldwide system of ground station providing
links between satellite in orbit and the other operational control centre. The network comprises of 10
stations in seven countries (Figure 6-22) that can be augmented according to needs. The main task of
these stations is to communicate with the mission’s uplink commands and telemetry downlink of
scientific data and spacecraft information. These stations also provide additional services which
include searching of newly launched spacecraft, auto-tracking, frequency and timing control using
atomic clocks and gathering atmospheric and weather data (ESA, 2010b).
Communication protocols: Communication protocols are sets of rules that enable clear and concise
communication amongst groups of persons. They also improve the quality and telemetry data
received. The importance of having these protocols in place is evident in the case of emergencies or
other chaotic situations where communication delays can cause tragedies, such as in airplane failures
(Morphew, 2001). Human spaceflight activities rely on communication protocols in order to maintain
crew safety and psychological stability (Morphew, 2001). Europe already has experience in this
domain, thanks to the collaboration with other countries for human spaceflight such as in ISS. The
communication centre in EAC is today used for communication with astronauts.

Figure 6-22 : ESA Tracking Network (ESA, 2011a)

Improve European autonomy
During the first human space flight in 1961, Yuri Gagarin encountered a long communication loss with the
control centre in the Soviet Union, as there was not global coverage available at this time. We saw that Europe
already has a quite efficient ground station network. In top of that, European countries having many territories
all around the globe, it would be easier to install many ground station for a global coverage. European
autonomy is important to achieve, but does not necessary go against the principles of international
cooperation.
An idea for quickly deploying an augmented 100% European network is to use mobile ground stations. This
kind of system is using very efficiently in many other communications system networks like mobile network,
where the operators are setting up this mobile system in areas where the construction of a ground station is
complicated. For space human-rated missions it could be very useful to use such a system, especially in the
recovery phase.
Develop for commercial purposes
Developing non-professional spaceflight activities, involving private companies in the operation of these
activities would require the modification of such a network. The actual ESA network could be shared for these
non-public activities. That could help sharing the high operation costs, but could also raise political or technical
issues as public and private usage would be quite different.

Language
Today, the common language in Space is English and Russian. This is fine today, as almost only public
professional astronauts are flying. Also, astronauts are highly qualified individuals and follow a long training
that involves language teaching. For future spaceflight activities involving many citizenships or personal space
flight participants, it would be really beneficial to find a way to avoid this language requirement. This is
especially true for space tourism: asking a rich space tourist to learn English or Russian before being able to fly
would reduce the number of applicants. For instance, it is difficult to imagine today asking to a rich Egyptian
tourist to learn Italian before visiting Italy.
The solution is to find a way to bring translation in Space. This could be realized thanks to the use to automated
interpreter devices that that could translate instantaneously the language. This could seem futuristic, but
actually there are already today many efficient voice recognition and translation software. It would be enough
to connect these to have a real automated language conversion device.
Another idea is to come up with a visual language using a standardized graphical system on a computer to
communicate. Instead of talking, the using this simplified internationalized system could remove or at least
decrease verbal language barriers.
Data handling
The telemetry data is received at a ground station and then is transferred to archive devices to be stored.
Increasing the spaceflight activities or developing human spaceflight would certainly lead to higher data
requirements, and the telemetry data size may be increasing rapidly. This data is significant and important,
perhaps dealing with the astronaut’s health parameters and experimental payload data. These parameters are
needed for the researchers and biomedical engineers at the astronaut control center, and for researchers to
analyze the experiments results and record the changes which could affect the health of the participants. In
order to reduce the complexity of data storage system, a direct connection to the final user may help saving a
lot of free memory and energy. In top of that, many of the final users such as universities or research institution
already have many free memory slots that could be put in contribution.
Frequency usage
Increasing human spaceflight activities may create a lack of available telecommunication frequencies. Private
space flight participants will pose a crucial problem for the allocation of communication frequencies, as the
International Telecommunication Union (ITU) may not view the personal spaceflight activities as worthy, in
comparison of the needs of developing countries or researchers. This issue will need to be raised as the human
spaceflight activities will one day or another grow exponentially.

In order to safely accomplish human space flight from Kourou, the spaceport needs to have emergency and
rescue facilities that ensure astronauts are protected from harm in case of emergency events. Europe has not
yet developed an adequate spacecraft abort system for human spaceflight. During human-rating studies for the
current Ariane 5 rocket, abort system simulations were performed with the Orion spacecraft and the Ariane 5
launch vehicle (Berthe, 2010).

Today, in Kourou there are aborting systems and procedures in place but only for unmanned mission.

The first phase of flight is the most dangerous for the crew sitting atop of fully fuelled launch vehicle. Based on
past accidents and mistakes, highly sophisticated and reliable abort systems have been developed that save the
crew and the orbiter in emergency scenarios (Shayler, 2009). Two types of emergency abort systems have been
devised: on-ground (before the launch), and in-flight.

6.10.2.1 On-ground escape systems
Mercury’s Escape systems
For the early American human space flight missions, such as the Mercury Program, the very first escape
systems were designed to safeguard the crew’s safety. In this program, an elevated boom known as the
“Cherry Picker” (Figure 6-23) was available to remove astronauts during emergency situations in the final 90
minutes prior to lift-off. The platform extends and aligns with the side hatch of the spacecraft during an
emergency situation, and it can be stowed back down by remote command removing the astronaut to a safer
location inside an access tower (Shayler, 2009). The advantages of this design are simplicity, and low cost
through low maintenance needs. However, it relies heavily on the reaction-time of the operator sending
commands to the tower. The mechanisms in the tower are also inherently slow, limiting the effectiveness alltogether. Furthermore, it could not save the crew from the overall explosion of the launch vehicle. For these
reasons, such escape systems are not recommended for the future Kourou spaceport.

Figure 6-23: picker for mercury-Redstone mission (Credit: NASA)

Buran’s ‘Tubes’
The launch pad at the Baïkonour Cosmodrome in Kazakhstan was designed for the Buran launching vehicle and
features two cylindrical structures leading the access arm to underground rooms (see right-hand side of Figure
6-24). In the case of an emergency on launch pad, the crew and the workers could slide down to the
underground rooms using the tower tube and can protect themselves from the impending explosion or leaks of
poisonous gases (Shayler, 2009). This system at Baikonour is simple in design and construction. In the case of
any accident, this system allows a relatively faster crew recovery (compared with Mercury’s ‘cherry
picker’design) and should be easy to repair. It can, furthermore, be adapted to different types of launch pads.
However, the simplicity of the slide idea might not be well-received by spaceflight participants. Jumping into a
long, dark tube would not feel as the safest option during emergencies. Also, the speeds and physical stress
experienced by the spaceflight participant during training could be sufficient to intimidate him or her beyond
accepting the risks of HSF. Furthermore, given eminent catastrophic conditions, sliding down a pipe might
require various tens of seconds at comfortable average speeds and low gravity loads to reach safety. The tubes
method could therefore prove too slow in some cases.

Figure 6-24: launch pad showing escape tubes (Zak, 2007)

Slide Wire
For the Space Shuttle, a new upgraded emergency egress system known as “the slide wire” was developed
(Figure 6-25). This system allowed astronauts to take place into a basket attached on a 365 meter wire and
reach the ground by sliding down along it. Each basket can carry 3 persons (Shayler, 2009). The main advantage
of this system is the shorter time required to egress the danger-zone compared to the previous design
mentioned. Moreover, it is quite simple and reliable. On the other hand, as in the case of the tubes, the system
can be frightening to the passenger because there is a long distance to travel by being only attached to a cable.

Another issue involves the risk brought by lighting and storms in the presence of a long cable in the open air.
The implementation of such system will require strong electrical protections.

Figure 6-25: Space Shuttle launch pad with slide wire emergency egress system (Credit: NASA)

Roller Coaster
A future technology conceptualized by NASA for Ares 1 is the Orion emergency egress system, which features
the astronauts and ground crew entering multi-passenger “roller coaster” in case of emergency (Figure 6-26).
The astronauts take place into the wagon and slide down along the rail into protective concrete bunkers. This
system is faster than the slide wire system (Shayler, 2009). It can easily carry a higher number of passengers,
which demonstrates adaptability for future missions. Moreover, it is very robust, stable, and familiar to the
general public which gives a feeling of safety to all kinds of passengers. However, disadvantages include a
complex design which leads to high manufacturing and maintenance cost. It may also be difficult to adapt to all
kind of launch pads.

Figure 6-26 : concept of the Ares 1 launch pad showing Emergency egress system with roller coasters (Credit: NASA)

Table 6-5: Comparison of ground aborting systems (Data compiled from section 6.10)

Pad Aborting Mode

Tubes

Slide Wire

Roller Coaster

Examples

Buran

Space Shuttle

Orion

Human comfort

Low

High

High

Aborting speed

Slow

Fast

Very Fast

Crew Capacity

One by one

Max 3 per
(Shuttle’s case)

Cost of Construction

Low

High

High

Cost of rescue

Low

Medium

High

Construction difficulty

Low

Medium

High

Friendliness

Low

Medium

High

basket

Multi-passenger

6.10.2.2 In flight Escape Systems
The flight path for Kourou launches currently goes over the open-ocean, which is beneficial for aborting during
unmanned launches. Nevertheless, the same path raises special challenges and unknowns for human
spaceflight.
If aborting during the pre-launch or ascent stages, an abort system would have a high probability of landing in
the sea, which would make crew rescue more difficult. In the event of a crew sea landing, rapid retrieval of the
crew is necessary. It would be important to know the crew location precisely and also a rescue mission would
be very costly, as large numbers of surface ships and aircraft would be required. In addition, a worldwide
communication system is necessary and will be further elaborated on in the recovery chapter.
There are some escape systems which can be used in the launch vehicle or the spacecraft itself. They are
reliable and can also be useful for ground aborting. Most of these are established well-known technologies
tested and highly trusted. Ejection seats and escape towers are discussed below:
Ejection seat
Ejection seats were designed as an egress system for pilots aboard jet-powered aircraft and are widely used in
modern military aircraft today. They are propelled by a solid-rocket motor or pyrotechnics which takes the user
a safe distance away from the spacecraft in the case of an emergency. This technology has several advantages.
Firstly and most importantly, it is an extremely fast method to egress. It also enjoys high reliability through
many years of experience. Furthermore, it can be used both in-flight and on the ground (Figure 6-27).

Some disadvantages include altitude limitations, weight, and uncertain trajectory after ejection. The solid
propellant used adds weight to the spacecraft systems and increases the launch cost. The landing location
could take place over water or fires, implying further hazards to the crew. Another disadvantage is the training
time required to ensure that the personal space flight participants can safely utilize the system. Given the
small training time available for personal spaceflight participants, studies must be made to ensure the system is
safe with minimal training.

Figure 6-27: Ejection seat in operation (Credit: NASA)

Escape Tower
The escape tower was first implemented in the Soyuz spacecraft during the cold war space-race. Today,
Lockheed Martin has designed the Orion Spacecraft using the same escape tower concepts. A launch escape
system is a retro-rocket installed in top of the capsule, which can rapidly detach the entire module from the
launch vehicle (see Figure 6-28).
One of the advantages of this concept, over the ejection seat above, is that only the pilot is needed to handle
the situation, so the rest of the participants do not need specific training. Moreover, it can be used at any time
of the mission because the spacecraft maintains life-support systems for the crew at any height. Landing is also
safer since it can take place in most topographical and/or weather conditions. The gravity forces experienced
during the egress process are also less stressful on the passenger, which results in higher safety ratings for the
overall expendable launch vehicle. However, the higher design complexity and cost could have an influence in
the decision-making process.

Figure 6-28: Crew Module after abortng (Credit: NASA)

Table 6-6 : Comparison of in-flight aborting systems (Data compiled from section 6.10)

Aborting Mode

Ejection seat

Escape tower

Examples

Space shuttle

Soyuz

Human comfort

Low

High

G-loads

High

(potentially) Low

Crew Capacity

One

High

Construction Costs

Low

High

Construction difficulty

Medium

High

Training needs

High

Low

Cost Effectiveness through robustness and adaptability
Aborting a given flight has several effects on the short and long term costs of the mission. If an emergency
abort system is used in-flight, expensive hardware might be lost in explosions or drag-induced disintegration.
This hardware needs to be rebuilt again if lost, having a dramatic impact in the overall cost of the mission.
Another cost-affecting factor is the negative impact a launch abort will have on the reputation of the launcher
and the whole spaceport. A story in the media of a launch abort decreases the customer base and makes the
general public question launcher reliability.
Moreover, post-abort activities such as repairing and cleaning the damaged areas could have a further
influence in mission cost. If the aborting procedure is fully under control, for example by achieving a perfect
separation of elements and full control of their trajectory and landing location, then the cost of post-aborting
activities could be strongly decreased. A very reliable aborting system could help keep launcher insurance costs
low, as insurance premiums go up when there is greater instability.
Aborting sequences occurring at different moment of the flight leads to different effects in the cost. For
example, aborting during an early flight stage could cause damage to the ground facilities of the port, while if
the abort decision was made a few seconds later the effects or damages could be on a completely different
area. To assist the very crucial aborting decision, the use of dedicated software could be useful and should be
designed from a safety and cost effectiveness point of view. This tool would need to calculate and predict, in
real-time, the consequences of aborting, and optimizing any abort for the safest and cost effective solution. It
should be noted that such tool might prove very expensive given the large processing capabilities required;
therefore, trade-off analysis should be performed before settling solution.
Further cost drivers when aborting a flight are the delays introduced into the normal schedule affecting other
planned missions. Unexpected costs could occur, such as paying indemnifying affected customers, unplanned
storage needs, and financial interest loses. Being able to restart the launch process fast enough after a given
abort, to avoid any major disturbance to the schedule, would be much more cost effective. Ground-crew
operations and facilities need to be readily adaptable to intervene quickly enough. The idea of optimizing the
maintenance facilities and procedures to optimize time should therefore be addressed by the designers of the
future Kourou
Adaptability
In the future Kourou, two aborting systems will be required: one for unmanned payloads, and another one,
with stiffer requirements and near-perfect reliability, for human-rated spacecraft. However, separating the
teams and facilities between these two would lead to duplicated responsibilities and nearly doubled cost.
Instead, it is suggested that adaptable aborting capacities be developed in Kourou, sharing facilities, systems,
and procedures to perform both kinds of aborting. However, this solution would require higher flexibility in
organization, time management, and resources allocation. These are all at the core of the Kourou 2030 Vision.
Human-centred design
During a spaceflight, the crew is exposed to various physically stressful events such as vibrations and g-loads.
These levels of stress limit the diversity of flight participants due to the specific requirements regarding their
physical stamina and health conditions. Easing these requirements could allow a bigger target market for
personal spaceflight, resulting in higher potential profits. During emergency abort situations, especially high
gravity –forces and vibrations could be expected, yet designers should attempt to minimize these to allow a
larger potential spaceflight participant market.

The above argument might be taken a step further to discuss the ergonomics of the emergency escape system.
Spaceflight participants must be introduced, during training, to very intuitive systems that inspire a very strong
feeling of safety regardless of their purpose. Even if an escape system is 100% reliable, if the design does not
consider human factors, it would look unsafe to the common participant and could discourage potential
spaceflight participants. If the system is user-friendly, simple, and robust spaceflight participants would be
better positioned to learn its use and purpose, increasing their confidence in the subsystem and overall
satisfaction with the spaceflight experience.

The success of any human space flight mission concludes with the recovery of the astronauts upon their arrival
back to Earth. This is just as challenging and full of risk as launching. Developing the technologies for protecting
the spacecraft and crew to achieve a soft landing on Earth is one of the most demanding aspects of mission
design (Shayler, 2009). The existing spaceport in Kourou does not have any landing and recovery facilities since
there is no human spaceflight from Kourou yet. Landing and recovery systems for HSF consist of facilities,
technologies, and operations with the objectives of providing secure and safe landings for humans and
reusable spacecraft components, as well as locating, rescuing, and providing astronauts with medical and
logistical assistance. In order to achieve these, designers must implement the following:
A landing location: An optimal location for the capsules or/and space-planes of the future to safely
land. There are several criteria that must be taken into account to choose the best option.
Landing Technologies: Depending on the kind of spacecraft: parachutes, airbags, or airfoils could serve
to ensure safe and comfortable crew landing.
Recovery Teams and Equipment: Refers to the recovery teams and tools needed to return astronauts
from their landed spacecraft back to civilization providing medical control and logistic support.
From the technology perspective, Europe has already performed extensive research and flight-tests with reentry Apollo-like capsules. As a proof of technology readiness, in 1998 Ariane 5 launched a capsule named
Crew Transfer Vehicle (CTV) to an altitude of up to 830km and successfully recovered the craft in the Pacific
Ocean (Caporicci, et al., 2010). Currently, Europe is performing studies on the Advanced Return Vehicle (ARV), a
return-capsule version of the automated transfer vehicle (ATV) that has flown twice to the International Space
Station (ISS), named the J. Verne in 2008, and the J. Kepler in early 2011.
There are many criteria used to assess landing systems’ performance as well as cost effectiveness. Mass
efficiency is a key criterion since the vehicle must be propelled all the way to orbit (or beyond) and back, so
reducing its mass is an important design objective. A good criterion to represent the minimum mass for a given
vehicle’s volume is volumetric efficiency. A second objective, in the case of the personal spaceflight market,
might be to limit the peak deceleration forces on the crew. While the entry deceleration forces with any of the
options may be acceptable for a healthy, well-conditioned crew, lower deceleration will reduce risk and reduce
the need for physiological countermeasures (Shayler, 2009).
In order to satisfy the above objectives, the landing location and recovery methodology are of great
importance as further elaborated below.

The choice of landing location for Kourou-launched missions would have important implications in a broad
variety of aspects. The Table 6-7 shows some the criteria that need to be taken into account for the selection of
a proper landing location.
Table 6-7: Preliminary Landing location criteria

Criteria

Distance

Accessibility
and
Topography

Political

Climate

Population

Airline Traffic

Definition

Ideal scenario

Non-ideal conditions

Physical distance
between the landing
location and the
recovery centre.

Landing site is close to French
Guyana, nearby Kourou. This
would reduce cost and
complexity of recovery
operation

Landing site is located very far
away from Kourou implying
logistical and remote
transportation costs

Ease to access
landing site

Landing in water or desert
where recovery craft is easy to
locate by SAR team.

Landing in mountains or tropical
forests makes it difficult to locate
crew

Landing in countries with good
relationships where the crew is
safely returned or easily
accessible by European rescue
team
Benign conditions such as
comfortable temperature
Unpopulated areas such as unchartered seas or deserts.
Good in case of emergencies
where spacecraft cannot be
controlled

Landing in countries in political
unrest or abrasive relationships
with European countries where
the crew might be at risk with
authorities
Harsh, extreme conditions/
temperature extremes
Densely populated areas or
natural reserves where emergency
situations could cause damage to
people, natural resources, or
infrastructure

Low air-traffic in remote areas
would allow freedom and
flexibility in landing schedules

High air-traffic levels where
complex arrangements must be
performed for landing. Flexibility
in mission time would be at peril

Legal and political
conditions of extraEuropean landing
sites
Weather conditions
of landing site
Density of
population in
chosen landing site
Commercial or
Military air-traffic in
aerospace directly
above landing
location

Human-rating Kourou would require building new landing facilities for either landing winged spacecraft or/and
provide medical or logistical support to recently-landed crews. Kourou’s location near the North Atlantic Ocean
offers the possibility to choose landing in the sea or in firm ground. If an abort over the open ocean was
required during the launch or ascent stages, the spacecraft would very likely land in the sea. These emergency
landing strategies call for different recovery approaches emphasizing the need for flexibility within the recovery
team. The Aborting section further discusses the best approaches to operations in this regard.
From an operational point of view, having a landing facility integrated inside the spaceport will be ideal. If this
is the case, it would be easier and faster to perform recovery actions for the spaceflight crew. Kourou’s
population density is over 1,500 times smaller than that of Paris (Map-France, 2007), which proves
advantageous from a safety point of view because of the probability to cause damage to the local population or
infrastructure is low in event of an accident. Choosing Kourou as the landing location will also be preferable
since it would reduce the development costs because the recovery systems and facilities can be centralized in
Kourou. It would furthermore be coherent with the objective of ESA to gain full autonomy in HSF if a landing
occurs near a French territory.

Russia’s spaceports could also be options for landing locations given that Europe has already established
cooperations with Russia in the field of human space flight. Many European astronauts have been launched by
Russian rockets from the Baikonur Cosmodrome in Kazakhstan. However, selecting Kazakhstan as a landing
location would limit the design options for the type of spacecraft and re-entry strategy because all re-entry
vehicles landing in Kazakhstan today land vertically. This design choice would have positive and negative
implications. It is easier to develop a capsule Apollo-like re-entry vehicle since Europe already has experience
with the CTV and ATV. Europe is currently undergoing the first phases of studies on the Advanced Return
Vehicle (ARV) an Apollo-like capsule return vehicle with human-rating capabilities (Caporicci, et al., 2010). If a
capsule and Kazakhstan are chosen, the landing architecture would be at the hands of the highly experienced
Russian rescue teams; highly cost efficient and reliable with several decades of experience.
On the other hand, this choice would limit the participation of private players in the design, development, and
operation of landing and recovery activities. A further drawback of choosing Kazakhstan as a landing location is
that Europe does not have jurisdiction over Kazakh lands. This will have an implication on the legal aspects
concerning the Liability convention of 1972, ratified by most ESA members, whenever accidents occur. The
convention gives special legal powers to ground victims of space-related accidents because victims do not need
to prove the responsibility of the launching state before receiving compensation for whatever damages.
Cooperation with Russian recovery teams and government would be necessary to assure the safety of
astronauts. Autonomous landing operation could prove very difficult since it might be necessary to use the
Russian control and monitoring facilities. There are also cultural aspects such as language barriers that could
add difficulties for the crew. Kazakh and Russian are the official languages in the Soyuz landing areas and
English is not widely spoken (OrexCA, 2007).
Finally, in general, international cooperation is important for uneventful landing and astronaut recovery. Even
if the chosen location is Kourou, it is possible that the spacecraft lands in other parts of the world. Thus, it is
necessary to have established cooperation with other governments and international search and rescue bodies
to streamline the recovery process and increase the safety of astronauts.

Descent and landing can use different deceleration methods, such as the NASA Space Shuttle’s unpowered
glide, or parachutes for re-entry ballistic capsules. The Mercury, Gemini, and Apollo vehicles used ballistic
parachutes to land in water. The Soyuz vehicle landed on land using ballistic chutes and retro-rocket
deceleration. It is also possible for the Russian Soyuz spacecraft and the Chinese Shenzhou spacecraft to land in
water, though this is only for emergencies. The Shuttle uses aerodynamic control surfaces for attitude control
during parts of the hypersonic entry in which the dynamic pressure is sufficient to make the control surfaces
effective. Also recently, the X-38 vehicle uses parafoils to land on the ground. Table 6-8 compares the current
and past landing architectures for various missions

Table 6-8: Exisiting Landing System architectures

Parachute without
rocket motors
Mercury/ Gemini/
Apollo/ARD

Parachute with rocket
motors

Glide

Soyuz/Shenzhou

Space Shuttle

Splashdown

Land/Splashdown

Runway

Landing Velocity
(Normal)

9-10m/s

2-3m/s

/

Landing Velocity
(on failure)

11m/s

4-9m/s

/

Lowest

Low

High

Simplest

Simple

Complicated

None

None

High

Highest

High

Low

3-7g

4-5g

3g

Landing Mode
Examples
Landing Sites

Cost
Control Procedure
Maneuverability
Volumetric Efficiency
Max g-force

Another technology currently under development by NASA uses an airbag on the spacecraft to provide a soft
landing (Astrium, 2009). The landing system design requires no single point failure as this would endanger the
safety of the crew, which is paramount as a principle for the future Kourou. Landing and recovery systems are
always designed to have a very high reliability and high factor of safety.
Existing technology used to achieve a safe landing on the earth is the use of a parachute system. Parachute
systems are used to decrease the descent-rate of re-entry vehicles through the atmosphere. The parachutes
also provide stabilization to the vehicle during descent and re-entry to earth. This technology has been used in
the past by the re-entry vehicles, Vostok, Vokshod, Mercury, Gemini, Apollo, and the Space Shuttle program. In
the past, parachutes used for space recovery systems were made of a strong and light fabric, commonly nylon.
Research has revealed newer materials with better properties for parachutes than nylon. Both Kevlar and
Spectra have nearly four times the tensile strength of nylon, while another fabric, Vectran, is at least three
times stronger. Kevlar resists much higher temperatures disintegrating before melting than Nylon (250 degrees
Celsius), and also than Spectra or Vectran, which also lose strength at higher temperatures (Dean, 2005). It is
recommended that trade-off studies be performed before selecting the best material for a given mission taking
into consideration the new materials available in industry.
The airbag concept is currently used in landing systems as a floatation device in case of emergency landing at
sea. It prevents the re-entry vehicle from submerging under the water. There is currently research and testing
being performed at the NASA Langley Research Centre to use an airbag to provide soft landing on the ground
or water. Figure 6-29 shows the decelerator concept using the airbag designed for the Orion Crew Exploration
Vehicle (CEV).

Figure 6-29: of decelerator for Orion re-entry vehicle using airbag (Credit: Airborne System)

Finally, to support contingency plans and off-nominal landings, each human-rated spacecraft contains a survival
package for each crewmember which includes food rations, protective clothing and accessories, a means of
providing drinking water, signalling equipment, medical and first aid kits, tools, and safety or protection
equipment (Larson and Pranke, 2000). For the spaceport at Kourou, regardless of the landing system, using
parachutes or glide approach, survival packages including indispensable tools and instruments should be
carried to ensure human health and safety.

Recovery crews aim to provide a safe and comfortable recovery for astronauts and spaceflight participants as
well as saving reusable spacecraft components. The safe return of the spaceflight crew includes performing
search and rescue activities in the event of a contingency landing. Recovery forces mainly consist of a recovery
team equipped with recovery vehicles such as ships and aircraft (i.e. helicopters) to provide medical support
and logistical assistance to the recently-landed spaceflight crew.
The recovery team requires a network of personnel to quickly arrive at the landing site in order to get the
astronauts and/or spaceflight participants safely back to Kourou or other remote recovery facilities. The most
critical factor of rescue action is time. The recovery team should arrive at the site within minutes of the space
craft landing. Furthermore, it is important to note that a recovery team needs to be located in Kourou whether
it is the chosen landing location or not. Since it would be the launch site, emergency situations involving
aborting require a responsive rescue team at Kourou. If the landing location is outside Kourou, then the
recovery crew is required to have external cooperation with the government and local authorities in the
landing area to support the recovery processes.
The recovery team could include military personnel (navy and marine corps) who are trained for the recovery
procedures or a civil team provided by private parties. There are already military personnel in place at Kourou
providing security for the spaceport. This team includes French Marines, Navy and Army members who are
trained to perform search and rescue operations in emergency cases. This team should also be able to locate
the landing location and secure both astronauts and spaceflight participants after landing (Isakeit, et al., 1998).

Medical personnel are also required as part of the recovery team to give first aid assistance to the recentlylanded crew. The medical personnel could be part of military or a private organization. If a private organization
is chosen, there would be more freedom in both their operations and approach to the post-flight health-care. It
is likely that spaceflight participants would welcome a more friendly approach to medical care.
Recovery Equipment and technologies
Recovery vehicles such as aircraft, ships, and ambulances are necessary in order for the team to reach the
landing location in due time. The Kourou spaceport owns seven helicopters as part of their security facilities (4
SA330 Puma and 3 armed Fennecs (DICoD, 2006)). Helicopters give a very good visual overview of the rescue
zone to quickly locate the spacecraft and crew. Helicopters would also prove useful in sea landing conditions
given that they could hover and recover both spacecraft and astronauts as in the Apollo program. One
disadvantage of helicopters is the high cost of purchasing, operating, and maintaining these. With cost
effectiveness in mind as an important element of our vision, if helicopters are chosen, their operational
schedule use must be optimized to possess and maintain the minimum number of vehicles.
In addition to aircraft, large vessels could be additional assets that can be used to rescue participants during
sea landing. Since Kourou is very close to the coast, using ships could be a practical way to rescue astronauts
that land on water. Furthermore, ships currently exist in Kourou as a part of the marine and navy arms
(Harriss, 1990).
Research has revealed that important cost reductions could be achieved by using more efficient technology to
locate the landing location of the re-entry vehicle and astronauts. For example, instead of using helicopters or
ships, unmanned aerial vehicle (UAV) with high resolution cameras can be used to search the astronauts. This
could have an influence in the cost to purchase, maintain, and operate more helicopters in Kourou.
One important thing to remember is that the recovery should be cost efficient which is often contradictory to
the reliability requirements. A good system for landing could increase the effectiveness of the recovery
process, for example, by improving the landing accuracy. This could reduce the number of recovery crew
required. Another example is to use an advance monitoring systems in order to quickly locate the landing
location in case of contingency landing to provide a fast recovery for the astronauts.

Human spaceflight has not taken place from Kourou yet. In earlier spaceflights, there were no legal regulations
such as the Outer Space Treaty, and the Astronaut, Liability, or Registration conventions in place. Space law is
therefore not written a priori. If sustainable human spaceflight becomes a reality in Kourou, legislation must
step in to ensure a clear and efficient legal framework (Ruwantissa, 2002). Such legislation must be written in
public, private, and international cooperation in mutual understanding to ensure its practicability and efficacy.
In order to carry out human spaceflight from Kourou, and to develop this new legislation, two main actions
need to be taken:
Assessing current legislation: This would allow decision-makers to define ways to make this new
legislation compatible with today’s legal constraints. For instance, the existing French Space
Operations Act (FSOA) and international treaties and conventions are already ruling the Space sector
with minor attention to human spaceflight.
Critically assessing existing HSF legislations: Inspired by other space-faring nation’s human spaceflight
legislations, this new legal framework would be built from lessons learned from the past and would
effectively address the needs of the future Kourou port.

7.1.2.1 Domestic Legislation at the Kourou launch site
The current launching activities at the CSG are performed under regulatory legislations. Any future human
space flight missions would require adhesion to these legislations, and further evolution towards European
human spaceflight legislation would use the existing law as a basis.

According to Lazare and Trinchero (2010), European legislation evolved over the years. Legislations date back
to the 1960s during the “Europa II Launcher” program, evolving to the Ariane Agreement in 1973 and maturing
to the French Space Operation Act adopted in 2008. This act embodies all the provisions and international
treaties and accords ratified since the late 1960s regarding space activities. It establishes a clear legal
framework and aims to ensure that technical risks are properly mitigated without compromising private
contractors’ competitiveness (CNES, 2008). Even though the FSOA affects all space operations in France, only
regulations dedicated to the Kourou launch site are presented here.
These can be divided in
authorization/licensing, technical (ground and flight safety), and control regulations.
FSOA’s authorization and licensing, technical regulations, and control methodologies are mentioned below. A
new chapter in this law would have to be opened when addressing all of these in the light of human
spaceflight, for both public and private purposes. It is envisioned that the control, authorization, and licensing
procedures would impose stiffer technical requirements to ensure the safety of spaceflight participants, and
yet entail a flexible approach to encourage the sustainable exploitation of the market.
Authorization and Licensing
The FSOA defines that every space operation is subject to authorization. There exist several types of licenses
certifying, for a certain period, that a certain operator satisfies moral, financial, and professional guarantees.
Licenses also attest to the compliance of systems and procedures referred to in FSOA’s technical regulations.
Thus, the license alone does not authorize launch operations and it must be accompanied by a justification file
covering all mission specific technical aspects (Tolker-Nielsen, et al., 2010). Both authorization and licensing
imply registration of all objects launched from Kourou. The act indicates CNES is in charge of keeping an up-todate register of French Outer Space objects (CNES, 2010).
Technical Regulations
In order to safeguard the safety of persons and property, and protect public health and the environment, the
FSOA puts forward technical regulations. As mentioned above, these requirements are based on current
practices and have been constantly reformed since the 1960s by CNES. Their scope is commercial or
governmental unmanned space flight, and launch vehicle lift-off from the ground (Lazare and Trinchero, 2010).
Parties wishing to perform space operations must prepare a general notification of compliance with technical
regulations. It shall include internal standards and quality management provisions, as well as risk analysis of
any hazards and dangers compromising persons or property. The FSOA has put in place a very detailed
organizational requirement list to manage risks which must be implemented. In addition, there must be an
environmental impact study designed to avoid, reduce or offset the harmful effects on the Earth as well as
planetary environments. Specific technical legislation can be subdivided between ground range and flight
safety. Ground range safety refers mostly to protecting the workers’ occupational health and safety from
various hazards around the spaceport. Flight safety dispositions control technical risks generated by spacecraft
flights on the Earth’s surface, intra or extra-atmospheric activities. Any launch vehicle must undergo extensive
flight-safety qualification through design and development phases.
Control
The control regime outlined in the FSOA allows state agents (CNES officials) to carry out required controls in
order to ensure that the operator complies with obligations as set up above (CNES, 2010). The controls include:
visiting and inspecting facilities, requirements of documentation, inspection during operations, investigations in
the case of serious incidents/accidents, and taking any measures necessary to ensure safety of people and
property (Lazare and Trinchero, 2010).
Insurance and Indemnification rules

The “Ariane Production Declaration” reaffirms full and exclusive liability of the French government as a
launching state under the UN 1972 Liability convention, as seen above in the international legislation section.
In case of any mishaps, during the 1976 agreement between ESA and CNES regarding the Ariane program,
indemnification and cost sharing rules were defined as follows:
ESA is liable for damage caused by its own launchers or defecting satellites
France is liable for other damages (during production phase)
France and ESA share costs of launch base maintenance on a one-third and two-third basis specifically (Lazare
and Trinchero, 2010). According to the FSOA, as outlined in the CNES website (2010), the government provides
a financial guarantee to compensate damages to people, property or the environment, with a Budget expected
to be set at around €60 million.
In a future spaceport with a thriving public-private partnership, special arrangements must be made to
accommodate a fair share of both insurance and liability amongst the partners. This issue must be early in the
agenda and not escape the mind of the law-makers of the future. The launch of the Vega rocket from Kourou is
a good example of complications arising from unclear insurance agreements. In a conversation held with Rene
Oosterlinck, ex-head of ESA Legal Affairs Department in April 29 2011, it was discussed how France, as a
launch-state paying insurance shares for the Ariane rocket families, openly disagreed to pay insurance shares
for the launch of the Italian-developed Vega rocket. The procurement of the insurance was completely
restructured to ensure a fair distribution of risk.

The transportation of humans to outer space is considered as a space activity in its own right. Its legal
consequences are covered exclusively by the governing regime of outer space dictated by International space
laws (Van Traa-Engelman, et al., 1993). The international regulatory regime governing space activities has been
developed primarily through the committee on peaceful uses of outer space (COPUOS) of the United Nations
General Assembly. The committee, created in 1958, has been mandated to address the legal problems arising
the exploration and use of outer space. So far the committee has drafted five international treaties and five
declarations. The ‘Outer Space Treaty’ of 1969 is considered to be the constitution of Outer Space (Pelton and
Jakhu, 2010).
Table 7-1 summarizes the articles of the OST relevant to human spaceflight and identifies required agreements
in addition to those today for the future Kourou beyond 2030.

Table 7-1: Summary of Space Law applicable to Kourou and future plans to human-rate spaceport

Kourou Today
Convention/Treaty
Name
Liability Conv. 1972
Art 7 OST 1967

Rescue Agr. 1968
Art 5 OST 1967

Registration Conv.
1972
Art 8 OST 1967

Earth’s Surface

Outer Space

France and partners
liable for whatever
damages, not need to
prove culpability

France and partners liable
for whatever damages, only
when proven culpable

All possible assistance
must be given to
astronauts in the case of
emergency landing

All possible assistance must
be given to astronauts inspace

Register all satellites
launched from Kourou in
both French and UN
registries

Launching state retains
jurisdiction

Kourou beyond 2030
France and public-private
partnership would require
special insurance and liability
arrangements
The legal term astronaut ,
envoy of mankind conducting
activities for the benefit and
interest of all countries, must
be formally differentiated
from spaceflight participant
Register human-rated
spacecraft and establish
agreements to clearly define
jurisdiction division (e.g. ISS
1998 agreement)

International draft convention on Human Spaceflight
Due to the multitude of legal questions and potential conflicts arising between national commercial human
spaceflight legislation and the strict application of the OST and Moon agreements, there is a pressing need to
adopt an international human spaceflight legislation (Heymmans et al, 1993; Ruwantissa, 2002). As a response,
in 1998 a team of legal experts in space law from Germany, the Russian Federation, and the United States
produced a draft legal instrument: the Draft Convention on Human Space Flight. The document aims to
provide an international legal framework for liability, conflict resolution, rights and responsibilities, jurisdiction,
and upmost safety and mutual assistance. It is composed of nine articles thoroughly discussed during an
International Colloquium in 1992 at the Institute of Air and Space law of Cologne University (Heymmans, 1993).
It makes consistent reference to the OST and the space law conventions mentioned above, as these have been
fully embraced by the international space law community.
Expert’s views are mixed regarding the draft. Ruwantissa (2002) considers the draft convention a harmonious
blend of the essential qualities of scholarship and practicality published in order to draw attention of the
international community to the issue and seek comments. Given the large number of experts and nations
involved in preparing the draft, its legal relevance cannot be denied. However, Van Traa-Engelman (1993)
points out the fact that the document fails to deal with the problem of definition/delimitation. He offers the
fact that various countries have opposing attitudes towards the issue and these objections have been present
historically, and not only for human space flight. Practically speaking, given the lack of international regulation,
one can resort to bilateral or multilateral agreements between nations participating in space transportation
involving their citizens.
Nonetheless, it represents an existing and evolving effort which provides a basis to an established international
convention. A global international legislation, as in the case of the FSOA, would follow after smaller bilateral/multilateral agreements, likely integrating airspace use, are slowly formed. The ultimate goal should be
to adopt a truly international legislation through the accomplished United Nations Committee on the Peaceful
Uses of Outer Space (Van Traa-Engleman, 1993).

Analyzing the existing human spaceflight legislations of the world will help to know what is successful and what
is not. Currently there are only three countries that have sent humans to space by their own means: Russia,
the United States, and China. Russia and the USA are the first two nations to send astronauts for both
institutional and commercial purposes, and set up respective regulations. By reviewing these, one can glimpse
at the potential content and structure of future European human spaceflight legislation.
Chinese legislation
In 2003, China was the third nation to send humans to space by their own merits with the successful flight of
taikonaut Yang Liwei. By that time, China had already ratified the OST and registration convention by 1980 and
2001 respectively (Zhou, 2005). Zhen (2011) indicates that the Society of China Space Law (SCSL) is currently
working on the first Chinese space law act. This society, separate from the Chinese government, has recently
finished a first draft which was submitted to Chinese authorities. The content of the draft has not been
released to the public, but it is known there are clauses related to human spaceflight (Zhen, 2011).
Russian legislation

By sending the first human into orbit in 1961, Russia opened the doors for human spaceflight to all of
humankind. The Russian space program is currently run by the Russian Space agency, Roscosmos,
which executes activities in the basis of the Federal law “About Space Human Space Flight from
Kourou No. 5663-1”. Regulation and control are performed by Roscosmos and the Ministry of
Defense. All the commercial and institutional space activities are regulated by the decree above (No.
5663-1, 1993). Russian legislation concerns human space flight in the light of crew selection rules,
safety issues, liability agreements, and insurance obligations. These parameters represent solid
starting points for a future European HSF legislation. Unfortunately, even though the UNOOSA
website and extensive literature was analyzed for this report, research has not found exclusively
commercial human space-flight legislation in Russia separate from the regulations outlined above.
This might be due to the low rate of spaceflight participants (less than one per year in the last
decade). As argued above, legislation is normally not created, and especially in conservative
governments such as Russia, before there is significant political pressure and a pressing need.
United States legislation
The United States was the second country in the world that has sent humans to space, with Alan Sheppard’s
suborbital flight just weeks behind Yuri Gagarin in 1961. By putting the first man on the moon in 1969, they
established themselves as the world leader in HSF. It is, therefore, of great importance to analyze the human
spaceflight legislation in the United States.
As per the National Aeronautics and Space Act (Section 102-b, 1958), NASA is responsible for all civilian space
activities, including human space flight programs, sponsored by the government. In an attempt to consolidate
all human ratings, it developed the NASA human-rating requirements: NPR 8705.2b. In 1984, as a response to
the growing need to standardize HSF, the US congress enacted legislation for commercial human space flight:
the Commercial Space Launch Act (CSLA). The licensing authority for this act became the Ministry of
Transportation. In 1988, 1994, and 1998 this act was amended for insurance requirements, third party liability
compensation, and re-entry activity licensing (Shivers, 2010).

In 2004, a further amendment to the CSLA was made which focused on licensing and monitoring of commercial
space activities. The amendment deals with launchers, liability, insurance, operation, re-entry, and the
involvement of other space agencies in US commercial programs. This law applies to any kind of commercial
space activity: private industrial research in microgravity, space tourism, and space hotels for example. This
amendment also establishes guidelines for pilot selection and spacecraft participant requirements (FAA, 2004).
More importantly, it extended government indemnification for commercial players. The government liability
risk sharing for third-party claim against a space launch company follows a multi-tier regime. The first $500
million in damages are the responsibility of the company, and it is required to obtain private insurance against
such losses. The government agrees to be responsible for damages that fall within a range of $500 million to
$1.5 billion (FAA, 2004).
This represents an incentive for private players to invest in HSF with budgeting less risk in their business plans.
An inviting legal framework would furnish the business with sufficient legal certainty and would accelerate the
process of privatization and commercialization of outer space. Europe must take the example of the CSLA and
write European commercial HSF law with incentives for commercial players to enter the market sharing the risk
with the government.
The US Federal Aviation Authority (FAA) office of commercial space transportation also developed a parallel
HSF legislation. Since the FAA needed to ensure safety of the general public in the event of human-rated
reusable launch vehicle activities, in 2000 it issued the “Commercial Space Transportation Reusable Launch
Vehicle and Re-entry Licensing Regulations”. These specify licensing requirements to the launch and re-entry
of a reusable launch vehicle and operate a re-entry site (Wong, 2010).
With these two approved legislative bodies, the U.S. defines clear rules to safely perform HSF for both the
participants and the environment. The law ultimately helps clearing the way for the commercialization of outer
space. The U.S. has taken a lead with regard to regulations surrounding space commercialization. These
legislative bodies are; however, far from complete. Research has revealed certain non-idealities.
First, the FAA and NASA regulations would overlap in the case of US astronauts flying aboard commercial
vehicles. The FAA is in charge of flight range safety, public safety, and non-civilian astronaut HSF activities.
NASA, in the other hand, has specific safety requirements for vehicles based on nearly 50 years of HSF
experience. It is expected that both collaborate in the licensing for commercial firms (Farand, 2011). In Europe,
similarly, the new law must be written in collaboration with Arianespace, CNES, and ESA as well as existing
aerospace regulatory bodies. Furthermore, some observers comment that the transition between NASA’s
insight to oversight and the licensing occurring completely from the FAA side introduces complicated logistical
challenges in the future. Similarly, European commercial HSF would introduce changes to the current main
players and licensing might need to be centralized to a given body outside of ESA and/or CNES.
Finally, another concern raised by Clermont (2011) is the lack of medical requirements for the spaceflight
participants. The FAA rules define requirements only for crewmembers. Spaceflight participants, however,
have medical guidelines only and are required to have training for emergency situations. Clermont (2011)
argues operators are concerned about the lack of standards and the liability they could incur. Therefore, the
inherent softness of the FAA law is actually discouraging operators through uncertainty. Future European
commercial HSF should at best attempt to clearly define as many requirements as possible to remove
uncertainty and clearly define liability so investors round-up numbers with confidence.

As history has proven, political will is a big driver in realizing human spaceflight. However, at the same time it
is also a big obstacle. This is because human spaceflight requires huge investments; hence it is difficult to
conduct without governmental supports. To develop human spaceflight in Europe, it is required to define how
European policy works, and what the benefits of taking this decision are. Thus, from a strategy point of view,
several assessments need to be carried out:
Assess the current Space sector: Determining the key actors in both public and private space sectors is
important to define who could be part of this policy decision. It is also important to identify today’s
constraints, motivation and strategy.
Give an understanding of the benefits: The second very important requirement to make human
spaceflight activities a reality is to prove to decision makers the benefits, such as social or economic,
of this endeavor. Since our vision needs the involvement of public sectors it is important to stress the
benefit to the governments in order to obtain funds.

7.2.2.1 Actors
To realize human spaceflight through public private partnerships, it is important to grasp the actors in
European space sector of both public and private sides. In public sector, there are many actors such as ESA, and
the European Union and its member states. On the other hand, the scale of the private sector is relatively
simple due to large-scale consolidation of European space companies which occurred in the 1990s.
Public entities
Since Europe has two international organizations and their member states (ESA and the EU) which are involved
in space activities, the situation is more complicated than other nations. This section briefly describes the
motivation and the role of each organization and relationship between them. The details are shown in Table
7-2 and Table 7-3. Although there are 18 member states in ESA, this section picks up four largest member
states considering their contribution to ESA.
Table 7-2: International organizations

Organization

EU

ESA

Policy related to HSF
Not deeply involved in human spaceflight program
Deepen the cooperation with ESA recently
Emphasis international partnership
Seek potential collaboration with NASA in Mars exploration
(Competitiveness Council, 2010)
Focus on scientific research and technology development in
exclusive peaceful manner
Maintain easy access to space
Provide sustainable funding to CSG
Establish the Astronaut Corp. (Sanchez, 2010)

Major programs
related to HSF

N/A

ISS Program
Ariane

Table 7-3: Member states

Country
(Space Agency)

Recognise the importance of unrestricted access to space
Led the development of Ariane and Hermes with ESA
Maintain the facilities in CSG with ESA (CNES, 2009)
Biggest financial contributor to ISS and ATV
Recognise the importance of research using ISS
Strongly push the development of ARV (Pagkratis, 2010)

France
(CNES)
Germany
(DLR)
Italy
(ASI)
UK
(UK Space Agency)

Major programs
related to HSF

Policy related to HSF

Ariane
Hermes
Columbus
ATV, ARV

Develop some habitable modules under the agreement with NASA
Involve the development of Ariane (ASI, 2011)

Node 2 & 3
MLPMs

Not participated in human space program so far, but changing the
attitude toward the program recently (BNSC, 2008)

N/A

Other supporters of human spaceflight: Spain, Switzerland,
Belgium and Finland

N/A

Others
European Space Industry

This section briefly describes key players in the launch vehicle and space craft manufacturing and launch
service providers. Since the distribution of the contracts will be needed for a huge program such as human
spaceflight, we need to consider each player’s technical capability and power balance between them. There are
two giants in European space sector, EADS Astrium and Thales Alenia Space. Under those two companies, many
small and medium enterprises (SMEs) are in charge of human spaceflight programs as sub contractors. Also,
there are some independent entrepreneurs which seek different ways for realizing human spaceflight. The
details are shown in Table 7-4.
Table 7-4: LV/SC manufactures in Europe

Major players
Company
EADS Astrium

Thales Alenia Space

Company
Excalibur Almaz
Reaction Engines
Limited

Technological capabilities

Project as prime contractor

Space transportation system
Experimental module (Astrium, 2006)
Supply Cargo (Astrium, 2011)

Ariane 5
Columbus
ATV
Node 2 & 3, Cupola
MPLMs
Pressurized cargo module of
Cygnus

Habitable module
Pressurized cargo (Thales Alenia, 2010)

Independent players
Technological capabilities
(under development)
Orbital flight using Russian TKS spacecraft
(Excalibur Almaz, 2009)
Unmanned Aerial Vehicle for payload
transportation to space (UK Parliament, 2011)

Project (spacecraft)
Almaz
Skylon

The launch service provider Arianespace has been the only player providing launch services from Kourou. In
addition, Eurockot and Starsem provide the launch service by collaboration with a Russian company. It is
important to note that the launch of Soyuz from Kourou is a collaborative effort by Arianespace and Starsem
(Starsem, 2011). The details are shown in Table 7-5.
Table 7-5: Launch service providers in Europe

Description

Launch site

Launch vehicle

Purely European funded company
Only one launch service provider from Kourou

Kourou

Ariane 5
Soyuz
Vega

Baikonur
(Kourou with
Arianespace)

Soyuz

Plesetsk

Rockot

Company
Arianespace

Starsem

Eurockot

Commercial launch of Soyuz
Invested by Astrium, Arianespace, Roscosmos and
TsSKB-Progress
Collaborative effort to realize the launch of Soyuz
from Kourou (Starsem, 2011)
Joint venture of Astrium and Khrunichev Space
Center
Focus on small payloads by Rockot (Eurockot,
2011)

7.2.2.2 Policy today
As shown in the tables above, each public player has different motivations and strategies. However there are
two key fundamental principles: autonomy and international cooperation. This section describes European
space policy especially for human spaceflight and for the collaboration with private actors. This is because the
Kourou Vision 2030 emphasizes the importance of public private partnership to realize human spaceflight.
Policy for human spaceflight –Autonomy and international cooperation
Historically, Europe has considered autonomy as its first priority when it established its space strategy.
Especially, autonomous access to space is most important element to ensure independent space activities.
Therefore Europe developed the launch vehicle, Ariane. In addition to the launch vehicle, Europe has
developed various technologies such as telecommunication, remote sensing and meteorology and GNSS which
enables Europe to be technologically independent from rest of the world. However in terms of the human
spaceflight, Europe failed to obtain its own capability for human transportation to and from space (e.g.
Hermes) and now there is no unanimous vision to develop European spacecraft.
Despite its desire to be autonomous in most space activities, Europe has recognized the importance of
international cooperation, especially for human spaceflight. The first EU and ESA led ‘International Conference
on Human Space Exploration’ concluded that international cooperation is the key to the success of future
human space missions because human space exploration requires huge money and various technologies which
cannot be affordable by one state alone. In fact, Europe has collaborated with the US, Russia, Japan and
Canada on the ISS program, and now seeking the collaboration with the US and other countries to realize a
human Moon and Mars mission, such as the Aurora program (Perino, 2005).
It is important to note that autonomy neither precludes nor impedes cooperation because it is necessary to
have some independent system or technology to establish an equal partnership even if the project is
conducted by the international effort. In other words, if Europe owns some critical technology which no other
state has, they would be more favorable cooperation strategies among the partners. For example, after the
retirement of the Space Shuttle, the Soyuz will be the only spacecraft with the capability for astronaut

transportation. In this situation, Russia can act as a monopolist and they can offer their favorable price for
Soyuz seats. Therefore Europe needs to think about which technological area should be independent (Winne,
2011). And independent transportation capability is one of its candidate technologies.
Policy for the collaboration with private actors
Since our vision proposes public private partnerships, it is important to know how ESA has previously worked
with private actors. When ESA conducts a big project, geographical return is needed to be taken into account.
Also as a reference for our vision, current ESA’s position for the private space tourism is introduced.
Geographical return means the share of financial contribution to ESA by a member states has to reflect the
share of contracts which the member state’s domestic industry obtains (ESA, 2007). Development for human
spaceflight will be a huge project which needs involvement of all member states. Therefore it is necessary to
consider how to distribute the work among member states based on its financial contribution and
technological capability or past experience of its domestic industry.
In recent years, many ventures have come into the space tourism market, and some of them such as Virgin
Galactic will start its commercial flight within a few years. Considering this situation, ESA clarified its position
toward the private-funded suborbital flight in 2008. Although for suborbital flights, the idea could be applicable
for orbital flights and beyond. In this document ESA mentioned its policy in technological, legal and political
aspects. Firstly, ESA is very welcome for those privately-funded entrepreneurs because they will advance
European technological knowledge and ESA wants to support or cooperate with them considering the possible
development of spin-off and spin-in. However, ESA would not be responsible for their business exploitation.
Also, ESA mentions possible future collaborations to be developed for any training facilities and training
programs, including space medicine for personal space flight participants. Finally it emphasizes the importance
to develop regulatory frameworks for European personal space flight participants by involving of both civil
aviation regulatory and competent bodies from the European Council (ESA, 2008).

As mentioned earlier, Europe has an interest in human spaceflight and has been evolving their programs
thorough international collaborations such as the ISS. However in terms of having their own capability for
human spaceflight, Europe has neither enough funds nor strong enough motivations to realize it. Therefore, it
is necessary to emphasis the benefits of developing human space flight options to encourage politicians to
move forward.
International prestige and leadership
One of the primary objectives for development of human rated technology is to gain international prestige and
leadership (Mindell, et al., 2009). In other words, human spaceflight has historically been a necessary milestone
in order for a space agency to be a world player in the space sector, showing national technological and
economical capability. Since only three nations have human space transportation capability now, they can take
leadership roles in international projects.
Strengthen and diversify European economies
Through the development and continuation of a human spaceflight program, there are two types of
economical return: direct and in-direct effects. Direct effects are the benefits which contractors receive directly
from the program, such as profits and advancing a company’s technological capability. In-direct effects are the
spin-offs developed from the space program. Since human space flight requires some new technologies which
the current European space sector doesn’t have, such as an aborting system, it would provide new

technological capabilities which could be used in other fields. As a result, those returns would increase
European industrial competence.
The Figure 7-1 shows the European long-term strategy for space exploration, which is based on four strategic
cornerstones that generate a significant beneficial impact on society (ESA, 2007):
Europeans in Space: To support European projects and policy objectives, and position Europe as a visible
strategic partner.
Habitability and Life beyond Earth: To increase the knowledge of life, evolution, and environment.
Sustainable Human Life in Space: To create innovative ideas to support and improve human living
conditions.
Sharing the Space Adventure and Benefits: To allow Europeans to foster broader engagement and a robust
support base, sharing benefits in the form of awareness, education, inspiration, security, and
commercialization.

Figure 7-1: Chart showing the relevance of the resulting twelve key themes in respect to the target destinations LEO,
Moon, and Mars (ESA, 2007)

There is no widely accepted definition of Public-Private Partnerships (PPPs). It is usually described as
partnerships between the public sector (government) and the private sector (industry), for the purpose of
delivering a project or a service traditionally provided by the public sector. Using a PPP has been a way for
governments to manage public infrastructure with lower costs and increasing private sector opportunities. In
general, it should be described as a ‘win-win’ situation. A robust and competitive commercial space sector is,
therefore, vital to continued progress. Thus, greater private sector participation would not only enhance
efficiencies of the space programmes but also foster the competitive domestic space industry in Europe.
In order to achieve human spaceflight in Kourou according with the presented vision, the following
requirements have to be addressed by Europe:
Identify the features of PPP’s: Studying the merits and demerits of the PPP approaches as well as the
existing PPP models will allow the European decision-makers to define which concept to adopt and
how it could be efficiently applied.
Identify the challenges of a PPP approach: In order to avoid any future risks during the application of
a PPP, an analysis of past PPP’s needs to be addressed. This will show deciders the factors driving a
successful PPP approach. Understanding the risks involved in a PPP is important. This is why a risk
analysis will offer the public sector the opportunity to learn and better manage them.

7.3.1
7.3.1.1 Characteristics
Considering the highly strategic as well as political importance for Europe to achieve human space flight,
complete privatization seems unthinkable at present. The activities of private entities in space transportation
for humans in Europe would rather be accomplished in co-operation with the states. Evidently, in many cases,
public-private partnerships would be the measure of choice because they have proved highly successful and
beneficial in other sectors already.
PPP’s can be characterized in following four ways;
Risk transfer to private partners
High cost schedule efficiency for the public sector
High transaction cost between the public and private sectors
Higher pricing risk for users
The first two characteristics above are merits of a PPP and the final two are demerits or risks of PPP. In this
section, these characteristics shall be explained in further detail.
Risk Transfer to private partners
PPP’s are designed in such a way that the public sector transfers part of the risk to the private sector. Many
types of responsibility can be transferred to the private sector, including technical and operating risks to
financial risks. How many responsibilities the public sector should transfer to private sector depends on the
characteristics of each project. A public private partnership can be devised in such a way so as to achieve the
optimal risk allocation between public and private sectors, and minimize total project cost and risks. This is
because, in general, the private sector is better at managing risks more effectively than public. However some
risks, such as political risks cannot be handled by private sectors effectively. Thus appropriate risk allocation

maximizes the private sector’s incentives to work efficiently, and the project has a greater chance of being
completed successfully (De Bettignies and Ross, 2004).
High cost and schedule efficiencies for the public sector
A PPP can result in high cost and schedule efficiencies for the public sector. These can occur in three ways; flat
payment profiles, cost reduction incentives of private partners, and the private partner’s investment
(Hashimoto, 2009).
Flat payments in PPP’s arise when developmental and operational phases are combined. Figure 7-2
illustrates the differences in payment profiles between the public sector only model and the PPP
model. In the former approach, there are high construction costs and low operating costs. For the
public sector, a high construction cost is undesirable as they are subject to strict budgetary
constraints. This can lead the public sector to postpone the project until budgetary constraints are
relaxed. However, in the PPP model, the public sector is able to spread the construction costs over
the project lifetime and provide annual payments for the operational phase. Therefore making the
project affordable and within the annual budget (PricewaterhouseCooper, 2005).

Figure 7-2: Payment difference between classic model and PPP model (PricewaterhouseCoopers, 2005)

Cost reduction incentives for the private partner occurs when the profits depends on their
performance. And private sector’s incentive to reduce lifetime cost is multiplied when they are
responsible for both development and operation phases, and when they are required to invest its own
money in the development phase only to retrieve that in the operations phase
(PricewaterhouseCooper, 2005).

Private partner’s investment; lastly, with the private partner providing its own funding the public
partner will obtain large cost and schedule efficiencies. Such funding only occurs when the private
sector is also likely to provide the service to a commercial market. Revenues are made from the
commercial market during the operations phase allowing the private partner to gain a return on
investment. Projects that provide service to the government alone is not likely to provide such a
return on investment, as revenues are dictated by political circumstances and economical principles
(PricewaterhouseCooper, 2005).
The high cost and schedule efficiencies allow the public sector to complete the project at a low cost
and provide social benefits earlier. Early delivery also results in reduced economic loss of society due
to a lack of service. Moreover, high cost and schedule efficiencies give the opportunity for the public
sector to launch other projects earlier thus, responding to more needs. These benefits that are
achieved through the PPP are called ‘Value for Money’ (PricewaterhouseCooper, 2005).
High transaction costs between the public and private sectors
PPP’s can result in high transaction costs between the public and private sector when they arrange and enforce
agreements of PPP’s. The increase of cost is largely because of two reasons: First, the part of the right to
decide is transferred to the private partner. Secondly, such a project requires relationship-specific investments
(Hashimoto, 2009).
Transfer of Right to Decide: Since part of the risk is transferred to the private sector, part of the
decision making is also transferred to the private sector. The private sector gains in bargaining power
whereas the public sector reduces in bargaining power. As a result, both parties retain a certain
amount of bargaining power. Henceforth, when the two parties arrange the PPP agreement or
request for an amendment of it, negotiations need to be conducted until they reach an agreement.
Also due to their different goals, large transaction costs can arise from conflicts of interest and renegotiations (De Bettignies and Ross, 2004).
Relationship-specific investments: In PPP’s relationship-specific investments are an investment type
that is made between two parties who receive greater benefits from each other than external parties.
When a project starts, the public and private partners will benefit more by completing the project
than by terminating it. This is because projects include specific design requests such as location,
performance, and time schedule. Therefore, if negotiations break down, it will be difficult for the
private sector to find another customer. The public sector will also have to spend more to replace the
partner. Moreover, this creates a type of bilateral monopoly. The public sector becomes the only
customer for the private partner, and the private partner becomes the only supplier for the public
sector. Thus both parties can behave opportunistically in an attempting to gain their own surplus. This
situation makes it difficult to arrange and raises the transaction costs (De Bittignies and Ross, 2004).
Higher pricing risk for users
A public private partnership might provide higher pricing risks to users and this comes from the private sector’s
nature to pursue maximum profit. For instance, the private sector might impose tolls on formerly non-tolled
highway to cover the construction and maintenance cost. Furthermore the private partners could raise the tolls
once it starts the operation phase (Prudhomme, 2005). This higher pricing risk to users does not occur when
the public sector is solely responsible for a project because the public sector operates services without charge
or minimum charge to users as its primary goal is to maximize social welfare. Low user charges could result in a
deficit balance in the operation. In that case, the public sector usually compensates it by injecting tax revenues
into many facilities (Hashimoto, 2009).

On the other hand, private partners in a PPP focuses on maximizing profits and this can lead to higher pricing
risks for users. Although the public sector does oversee the pricing, they cannot ignore the profit pursuing
behavior of the private partner. Moreover, private partners do not have enough financial sources to
compensate for costs that the public sector can raise through tax revenues (Hashimoto, 2009). As a result, a
PPP might require users to pay charges in addition to taxes. In this case, users may think that they have a right
to receive these services without paying charges as their taxes have contributed to the project (Sadka, 2006).
Since the most of funds of a PPP comes from taxes paid by citizens who are also service users, user
dissatisfaction could cause the failure of project.

7.3.1.2 PPP models
There are numerous PPP models that have been used in various sectors. They can be classified according to the
share of responsibility between the public and private sectors within the project. A private finance incentive
(PFI) is similar term of PPP. In a PFI, the private partner is responsible for the finance of the project while the
funding itself comes from the public sector. A PFI was gradually incorporated into PPPs as a broader concept.
When selecting the right PPP model one must consider the benefits and disadvantages of each model to
propose a suitable PPP model. The types of PPP models are described as follows (Deloitte, 2006);
Design Build Maintain (DBM): A PPP model that is similar to the design-build model but with the
addition of allocating the maintenance of the facilities to the private sector. The public sector on the
other hand, retains responsibility for operations.
Design Build Operate (DBO): The private sector is responsible for the design and building of a
product. Once the product is completed, ownership is returned to the public sector. However the
private sector is allowed to operate the product for a specific period.
Design Build Operate Maintain (DBOM): Model that merges the responsibility of designing-building
with operating and maintaining a product or service for a specified period of time. After the period
has ended operational responsibilities are returned back to the public sector.
Design Build Finance Operate/Maintain (DBFO, DBFM or DBFO/M): The private sector finances,
designs, builds, and operates a product or service under a long-term lease. At the end of the lease the
product or service is returned to the private sector.
Design Own Operate Transfer (BOOT): The private sector finances, designs, builds, and operates a
franchised granted by the public sector for a specific period of time. Ownership is returned to the
public sector at the end of the period.
Build Own Operate (BOO): The public sector grants the private sector the right to finance, design,
build, and operate a product or service. The private partner is not obliged to return the product or
service back to the public partner.
Service Contract: The private sector is awarded a contract by the public sector to provide a service
that the public sector was previously providing.
Management Contract: A private partner is responsible for all aspects of operations and maintenance
of a product, service or facility.
Lease: The public partner awards a private partner a leasehold interest on the product or facility. The
private partner than operates and maintenance the product or facility under the terms and conditions
of the lease.
Concession: A private partner is give all rights to provide, operate, and maintain a product, service or
facility for a long period of time with performance requirements that are defined by the public
partner. The public partner is able to keep ownership of the original facilities, whilst the private
partner has the right to own any improvements made during the concession period.

Divestiture: The public sector hands over a product, service or facility either partially or fully to the
private sector. The public sector will also define conditions during the sale of the product, service or
facility to ensure continual improvements and citizens are served.
Alliancing: The public and private sectors agree to jointly design, develop and finance a program.
Sometimes they may also work together to build, maintain and operate the product, service or facility.
Moreover, PPP’s have various levels of partnership responsibilities between the public and private sector. The
level of responsibility assumed by the private partner depends on the type of PPP. Often the private sector can
take responsibility for more than two phases such as designing, building, operating, maintaining, and financing
phases. Merging phases in this way is referred to as bundling and produces high costs and schedule efficiencies
that are a key characteristic of PPPs. Figure 7-3 shows the spectrum of PPP’s and there responsibility levels
between the public and private sector.

Figure 7-3: PPP responsibility model (Deloitte, 2006)

7.3.1.3 Allocation of responsibilities
Any future PPP model should assign activities for each partner. The public partner is assigned the responsibility
of designing, developing, and promoting the program delivered by the PPP. They must, therefore, be able to
develop the tender and procurement process that must be in accordance to the EU regulation. Moreover, the
public partner must monitor, and regulate if necessary, the activities and performances of the private partner.
The private partner is responsible for financing and managing the operations, and must assume all risk for this
task. Customer liaison will be the task assigned to the private partner although the public partner reserves the
right to regulate, thus safeguarding customer interests. At the end of the concession period both the public
and private partners must assume responsibility in order to comply fully with termination provisions. These
include hand-back of assets used by the private partner in fully maintained conditions, and an agreement
between both partners that outstanding monitoring and regulatory issues have been addressed in Figure 7-3
gives a detail break down of partner responsibilities.

7.3.2.1 Case Studies of Space-related Public-Private Partnerships
Previous sections are a general introduction and explanation of PPP to obtain overview of PPP. This section
focuses on a space-related PPP. There have not been so many cases of a PPP in the space sector because the
project requires huge initial investments and have many uncertainties that should be the responsibility of the
public sectors. Therefore, it is very important to analyze the past and current ongoing space-related PPP
projects and know the keys for success. This section analyses five companies or projects; Arianespace, Galileo,
SpaceX (COTS), Paradigm (Skynet-5), and Space Alliance (Space Shuttle). The criteria for the analysis of five
projects are;
Customers of the service
Benefits for the general public from the service
Allocation of responsibilities between public and private sectors
Competitors who provides similar service
Strengths and weaknesses of the projects against the competitors
Opportunities and threats or risk
The status of the projects: Success or failure
Case study 1: Arianespace
Arianespace provides launch service for both governmental and commercial satellites. The motivation behind
establishment of Arianespace was to enable European autonomous access to space. In this program, public
sectors such as ESA and CNES developed launch vehicles and facilities maintain them (ESA, 2009a). In addition,
they have subsidized Arianespace through the European Guaranteed Access to Space (EGAS) program (Selding,
2011a). On the other hand, Arianespace is responsible for the operation of launch and facilities in CSG.
Arianespace has been quite successful in the world market since the introduction of the Ariane 4 in late 1980s.
The main reasons of their success are its competitive price and high reliability is proved by its high success rate.
Also, some external factors such as failure of the commercialization of the NASA’s Space Shuttle and limited
access to Chinese launchers due to ITAR pushed its sales.
Case study 2: Galileo
Galileo aims to provide GNSS services like GPS. However, unlike GPS, Galileo is a civilian control system, led by
the EU with technical supervision from ESA. Galileo will provide its navigation service for both public bodies
and private users. Galileo is classified into five services. Some of the services are free of charge, same as the
GPS, however the signal of the commercial service is encrypted and users have to pay a certain fee to use it
(Ventura-Traveset, 2011). In the present plan, all Galileo satellites and ground facilities were, and will be
developed by the EU and ESA and the operation and maintenance of the system will be conducted by a private
entity (Commission of the European Communities, 2007). Also, hardware and application services such as the
‘location based service’ (LBS) will be developed and deployed by private companies.
So far there is no significant technical problem in the system. However its business model is facing many
difficulties because its initial cost estimate was too optimistic. Total project costs will be much bigger than the
initial estimate and the revenue seems very uncertain (Selding, 2011b). In the political aspect, when Europe
began the planning of Galileo, their concern about the GPS was the Selective Availability (SA), which can
decrease the GPS accuracy intentionally by the US Department of Defence (DoD), was one of the motivations
to promote the European autonomous GNSS. However the US announced that they will never use SA and will

remove its function from their new generation of GPS satellites (The National Executive Committee, 2007).
Therefore the political risk is mitigated and it means the motivation for European autonomy was also
decreased. Since the EU consists of many member states that have different strategies, to obtain a consensus is
very difficult.
Case study 3: SpaceX
The American company, SpaceX, designed and built its own launch vehicles, the Falcon 1 and Falcon 9, and the
Dragon spacecraft. Also, SpaceX provides launch services using their rockets for NASA, the DoD, non-US
governments and commercial satellites operators (SpaceX, 2011a). The strength of SpaceX’s launch vehicle is
its highly competitive price which is enabled by its economically optimized design including engines (SpaceX,
2011b). The founder, Elon Musk, invested his own funds into the development of the Falcon (Solomon, 2008).
The difficulty for entrepreneur to start the space business is its high initial cost, but Elon’s pocket money
removed the hurdle. In addition, current US space policy is trying to boost commercialization in space
transportation which programs such as the Commercial Orbital Transportation Service (COTS). There is a
significant difference between the contracts of COTS and conventional programs. The COTS contract is a fixed
price contract and the requirements from NASA is very rough and does not specify the details, which means
contractors can have a large degree of freedom in the space vehicle designs and developments, and strong
incentives to keep the budget.
In fact, SpaceX suffered a series of launch failures at the beginning, but they succeeded consecutively after the
failures and achieved its milestones of the COTS program.
Case study 4: Paradigm (Skynet 5)
Skynet 5 is the fifth generation of military communication satellites which provide services for the UK Ministry
of Defence (MoD), NATO, and UK allied nations. Under the contract with the MoD, Astrium developed three
satellites using their E-3000 satellite bus (Astrium, 2010). And from the Skynet 5, MoD decided to transfer
ownership of satellites to the private company Paradigm, which is a subsidiary company of Astrium (Paradigm,
2011). This decision enabled the cost effective operation of the satellites and reduced the many technical and
service risks (Astrium, 2010).
When the MoD decided its strategy to use PPP for Skynet 5, their concern came from the fact that there was no
past example to use a PPP for this kind of purpose at that time (Kershaw, 2004). However despite their initial
concern, the project achieved success. The key of its success was that they use heritage technologies such as
Astrium’s satellite bus effectively (Astrium, 2010). Using heritage made it easier to estimate the system
complexity, hence easier to estimate cost and schedule. In terms of demand for military communication,
today’s situation of the US and NATO deployment of their military troops all over the world, especially for Iraq
and Afghanistan created needs for satellite communications (Astrium, 2010).
Case study 5: United Space Alliance (Space Shuttle)
The United Space Alliance (USA), is a joint company of Lockheed Martin and Boeing. The USA has been
responsible for the operation of the NASA’s human space program including the day-to-day management of
the Space Shuttle fleet and planning, training, and operation of the ISS. The purpose of the transfer of the
operation responsibility from NASA to the USA was to made operation more effective because, before 1995,
there were more than ten contractors that worked under the Space Shuttle program (USA, 2011).
The above two companies had been involved in the development and operation of Space Shuttle before 1995.
Therefore USA knew about the operation quite well. USA achieved to save NASA a total of more than 1 billion
dollar for first six years (NASA, 2003). However their business relies too much on the Space Shuttle program. As

the retirement of Space Shuttle approaches, the USA cannot sustain their work force and they started lay-off
workers to save on labor cost (Space News Stuff, 2011).
Comparison
Table 7-6 summarizes all the different case studies discussed above and the type of PPP model that is being
used.

Project
PPP Type

Customer

Public
sector's role

Private
sector's role

Result

The reasons
of result

Arianespace

Galileo

Space X

Paradigm
(Skynet 5)

United Space Alliance
(Space Shuttle)

Concession

Concession

DBFO

DBFO

Concession

* Commercial satellites
* Government (ESA, NASA, etc)

* Commercial service
* Industrial service
* Public bodies
* Military

* US Government (NASA, DoD)
* Non US government
* Commercial satellite operators

* MoD (UK) and UK alliance

* NASA

* Develop Space
Shuttle and related
facilities
* Provide funds and
requirements

* Develop launch vehicle
* Maintain the infrastructure in
Kourou
* EGAS

* Develop satellites and
ground infrastructure

* Provide funds and requirements
* Review the development progress

* Provide funds and
requirements
* Review the development
progress

* Operate Launching and Launch
site

* Maintain and operate
of the system

* Design and build the launch vehicle
* Provide launch service

* Design and build entire
system
* Operate satellites

* Manage the Space
Shuttle fleet
* Plan training and
operation for ISS

* Success

* Having many problems

* Seems success

* Success

* Seemed success, but
now facing a difficulty

* High reliability
* Competitive price
* Failure of commercialization of
US Space Shuttle
* Limited availability of Chinese
launchers due to ITAR

* Cost growth
* Overestimation of the
revenue from
commercial service
* Decrease the risk of SA
* Lack of strong
leadership

* Founder's huge pocket money
* Economically optimized design
hence competitive price
* Favorable atmosphere in US (e.g.
COTS)
* Huge US domestic demands

* Guaranteed revenue from
military
* Efficient use of heritage
technology

* Accumulated
experience
* No competitor
* Retirement of Space
Shuttle

Table 7-6: Summary of the case studies

Based on the previously mentioned case studies, this section analyzes the options which can be used for the
Kourou 2030 vision. When assessing each of the case studies, responsibility of the operations normally goes to
the private sector in all cases because the private sector is generally more efficient than public sector.
Therefore, for the Kourou 2030 vision, operations should be conducted by the private sector. This is also
because the vision considers commercial spaceflight as well, which the public sector is not able to conduct. In
essence the difference amongst the models is the responsibility for development between the public and
private sector. There are advantages and disadvantages for both ways and they are discussed below.
Moreover, general recommendations for the success of PPP’s are discussed.

Responsibility of the development
Responsibility of the public sector: Could mitigate the risk for the private sectors because the
development of new technologies needs huge investments and accompanies many technical
uncertainties. However it may prevent the economical optimization which was adopted by SpaceX in
its design of the Falcon rocket. This is because the public sector is relatively conservative, but at a
same time, they need to seek technical advancement so as to show the general public their
achievements. As a result, the design might not be cost effective. Additionally, if the private sector
wants to use the spacecraft for commercial spaceflight, their requirements for the private customers
such as comfort might not to be taken into account by the public sector, because the public sector
does not want to spend tax-payers money for business purposes.
Responsibility of the private sector: Could achieve the most efficient design considering both the
development and operational phases. The private sector may consider a more commercial oriented
design by using their investment. However, in this case the private sector has to take a great technical
and finance risk. Therefore this cannot be done without enough financial back-up and experience in
the field.

General recommendation
From the above case studies, some lessons learned are identified. Since the Kourou 2030 vision is a new
concept, it is difficult to apply some of the cases to this vision directly. However, there are some common
elements that need to be considered when taking into account space-related PPPs, these are;
Ensure the revenue from the government: Since the private space market is volatile and uncertain
now, it is necessary to ensure a certain amount of revenue from public sector. All successful (or
partially successful) cases have had stable revenues from the government. To ensure governmental
support, it is necessary that the vision must provide some form of benefit to the general public.
Attract the various types of customers: Even though governmental customers are important, too
much dependence on them is risky because government budgets are influenced by policies. Therefore
revenue needs also to be secured from other customers, which is important when attempting to
achieve a stable management of business.
Be realistic: Historically, failure projects overestimated the revenue, and underestimated the cost.
Although it is difficult to estimate cost accurately, it is important not to be optimistic and to keep
updating the future forecast. Accurate cost estimation using heritage technology is an effective way
that was shown by the Skynet 5 project.

7.3.2.2 Risk analysis
The PPP principle is that risk should be allocated to the partner best able to manage it in a cost effective
manner. Effective allocation of risk should, therefore, lead to lower financial costs and hence added value for
the future PPP model when compared with traditional supply of service models. The principle risks involved in
the PPP models is presented by Table 7-7.
Table 7-7 : PPP model Risk factors

Risk Factors

Income

Partner Choice

Building

Operating and
Financing

Regulating

Political

Environmental

Description
This risk is dependent on two factors that are;
Customer use, and price. Private partners expect to
earn income that will provide adequate return on
investment. Usage and price must be set to achieve
this return.
This risk involves selecting the correct partners such
that mutual understanding and confidence is
achieved. Therefore tender evaluation should have
clarification procedures that avoid partnerships with
the wrong party preventing further negotiations. Also
another risk is that the concession agreement can
grant the private partner long lease period resulting in
a monopoly. This can have an impact on program
costs, prices and services provided. The concession
agreement must have provisions to safeguard against
Building risk allocation to the private partner is critical
to the success of the PPP. The private partner can
provide poor initial evaluation studies, design, delays
and quality. This can be mitigated by introducing
financial penalties that act as incentives to produce
timely and quality goods and services.
The concession agreement shall award financing the
operation phase to the private sector that will bear
the risks of these activities. The public sector on the
other hand shall be responsible for financing the
development phase (Design and build) and bear the
risks of these activities.
This risk arises when there is no or insufficient
processes for regulation of activities. This is common
when there is a little experience of PPP operations,
and laws governing PPP’s are new and untested.
PPP concession agreements are long term agreements
that are subject to inherent political risks that arise as
a result of changing governments during its lifetime.
Therefore political instability increases the risk and
cost of finance. Newly elected governments may be
involved in PPP’s that are unpopular or against the
government’s mandate.
Environmental risks of a project involve construction
risks and natural resource usage that must be
carefully considered. Therefore concession

Private Partner

Public Partner

Assume risk

Monitor

Assume risk

Monitor

N/A

Assume risk

Assume risk

Assume risk

N/A

Assume risk

N/A

Assume risk

Risk post
contract

Risk prior to
contract

Asset Defect

Public Acceptance

Sustainability

agreements must mitigate environmental risks.
This risk is can occur when the private partner takes
over existing assets to assist in project delivery, thus
the private partner becomes responsible for operating
and maintaining the product, service or facility. If
assets are in a damaged condition the cost of
repairing them could jeopardize the PPP.
When the general public and the end users do not
accept the provision of the service by a PPP
concessionary agreement. Therefore the public
partner should carefully assess the public opinion
before entering into the agreement. More over the
terms and conditions of the agreement will need to be
disseminated to the wider public in order to achieve
acceptance.
PPP concession agreements have to satisfy the
principle objective of the public sector, thus ensuring
public interest and value for money. Private partner’s
involvement in providing the service that is usually
delivered by the public sector, can bee seen as
reducing the ability of the consumer to exercise
control over the service delivery. If consumer
relationships with the service delivery can be
developed, than the sustainability risk can be
minimised. Therefore the public sector must develop
an appropriate monitoring capacity and capability.

Assume risk

Monitor

Assume risk

Assume risk

Assume risk

Monitor/regulate

Fifty years have elapsed since the Vostok 1 lifted off from the Soviet Cosmodrome in Baikonur with a Soviet
Cosmonaut Yuri Gagarin on board. Gargarin was the first human to leave the Earth’s atmosphere, and this has
paved the way for the era of human spaceflight. Albeit his flight was to last only one hour and forty eight
minutes, orbiting the Earth just once, it provoked important political, economical, social, cultural and
technological changes. Consequently, this has changed humanity’s perspective of its place on Earth forever,
and after several years the commercial spaceflight represents the latest stage in the decades-old evolution of
human space flight.
Today, the Space sector is evolving and many private actors want to participate in the endeavour; for business
purposes this time. Some private investors became more interested in space technology and so the space
business entered into an intensive international competition which public actors can no longer avoid. Private
telecommunication and data services already have a big share in outer space technologies and can be
considered as an obvious successful example for private space industry.
In order for Europe to build and implement the HSF industry for 2030, the following main two areas need to be
assessed:
Market analysis: To convince decision makers, from public or commercial sides, that the elements in
this vision represent a real potential; Europe needs to carry out a market analysis. To be motivated to
invest in this new sector, these deciders will see that this market is stimulating, thanks to strong

demands and offers. In the human spaceflight sector, there are two general spaceflight markets. The
first market is the government or public sector, and the second market is the commercial or private
sector (personal space flight). The demand from the governmental sector comes from policies and
future missions, which to some extent can be forecasted but are unrealistic. For the commercial
sector, on the other hand, orbital personal spaceflight continues to grow in demand. For instance,
many space enthusiasts are willing to pay $20 million US dollars for a trip to the ISS. As the vision
proposes both public and private human spaceflight, forecasting a balanced demand for both is
important
Key drivers of human spaceflight market: Historically, the commercial space launch industry focused
primarily on putting payloads, such as satellites into orbit using launchers that did not return to Earth.
Today, private commercial space industries and governments are working together to reduce the
technological, operational and market risks, thus creating room for the general public to participate in
the personal spaceflight business (Tearne, 2011). To define how this business should be designed, the
actors must first define which drivers will impact this market.

The space industry was growing in the 1990’s, but early in the next decade the industry experienced a down
turn due to commercial failures of low earth orbit (LEO) telecommunication satellite constellation programs,
such as Iridium. This downturn had an enormous negative effect on the launching sector as less launches than
normal had caused lower revenues (Oborne, 2005).
Up-coming personal spaceflight participants and other space related services, such as conducting experimental
research on alternative fuel developments, can attract private investors into the field of human spaceflight.
Although it may not yet be a lucrative business, falling launch costs are expected to create new and promising
markets, comprised up of private as well as public customers. As a result, private interests in launch services
and space transportation are growing.

7.4.2.1 Public demand
According to Euroconsult (Lenoir ,2010), expenditure on governmental space programs worldwide grew by 10%
in recent years, resulting in a growth of $68 billion. This shows that whilst commercial demand for space
services is growing, government expenditure is still a major market for the space industry. Furthermore,
spending in defense and civil programs has grown to a total of $36 billion globally in 2009. Defense spending
increased by 12%, whereas civilian spending increased by 9% (Lenoir, 2010).
Currently, ESA invests 10.3% of their budget in their human spaceflight program (ESA, 2011a). Although most of
this amount has been invested in the ISS, a portion of the agency’s optional spending has been devoted to nonISS projects that are geared towards developing an independent capability in human spaceflight. ESA plans to
develop a new indigenous crew return capsule called the Advanced Reentry Vehicle (ARV). This would be
integrated with the Automated Transfer Vehicle (ATV) service module and launched by the Ariane 5 launcher
(Mongrad, et al., 2008).
The following missions are expected to drive the public sector demand for future human spaceflight missions.
Mars and beyond mission
According to new US space strategy, NASA will begin crewed missions beyond the moon by 2025, including
plans to send humans to an asteroid. By the mid-2030s, NASA plans send humans to orbit Mars and return

them safely to Earth. (The White House, 2010) As one of the most important collaborators with the US, Europe
has put forward its Mars exploration strategy, Aurora, which is following the US missions. By 2030, the first
human mission to Mars for Europe might begin to be implemented step by step (Perino, 2005). A series of
sustainable operations will follow after.
Moon mission
Although the US has cancelled the human mission to the moon, other countries like Russia, India, Japan, and
China are still showing interest in it. According to the European Space Exploration Strategy, a human mission to
the moon will take place around 2024, which will demonstrate some key life support and habitation
technologies. This also includes gaining knowledge of other aspects of crew performance and adaptation and
in-situ resources utilization (ISRU) technologies. Besides, as the next international cooperation program, an
international lunar base is being considered by many nations. If so, many sustainable surface and base
operations will be needed (Perino, 2005).
ISS mission
Operations at the International Space Station (ISS) are expected to be extended to at least to 2020. The
European module was launched in 2008, and the US module in 2006. With ten years of design life, the
European modules will work until 2018. It will not be too difficult to do that technically. There is also some
advice to expand its efforts for scientific, technological, commercial, diplomatic, and educational purposes. It
will serve as a continuous human presence in Earth’s orbit; and support future human deep space explorations.
(Mongrad, et al., 2008)

7.4.2.2 Private demand
The proposed Kourou 2030 vision strongly involves the private sector. For this reason the demand coming from
the private sector needs to be assessed. This private sector will find customers for personal spaceflight and for
corporate activities.
Personal spaceflight market
It has been ten years since the emergence of the world’s first paying orbital tourist, Denis Tito, who paid $20
million USD to travel to the International Space Station (ISS). Although personal space flights are currently only
available to the hyper-elite, within the next decade it is likely that there will be more affordable opportunities
for millionaires to go on personal flights on sub-orbital reusable vehicles. Terrestrial personal spaceflight has
been underway for many years, and touristic travel to outer space has been anticipated for some time.
The non-governmental space flight market is uncertain because there have been very few examples of this type
of human spaceflight so far. The private sector has great potential to grow and could play the important role in
the Kourou Vision 2030. The non-governmental customers are classified into private customers and corporate
customers. The services for private customers are personal spaceflight and entertainment. On the other hand,
corporate customers could use space for industry research or advertisement.
Studies ranging as far back as a decade suggest that large numbers of potential tourists are interested in the
personal spaceflight industry. The current definitive market study for personal spaceflight was conducted in
2002 by the Futron Corporation and was updated in 2006 for its suborbital part. It estimated that personal
spaceflight will generate at least $1 billion US dollars globally by 2021. Futron’s other forecasts in 2006, which
was specific to the suborbital space travel, projected that by 2021 over 15,000 passengers could be flying
annually, representing revenue in excess of $700 million US dollars (Futron, 2006). Orbital personal spaceflight

will be growing at a slow rate compared to suborbital, having up to 60 passengers and $300 million US dollars
as annual revenue per year (Beard and Starzyk, 2002).
In 2006, Futron updated the survey for suborbital flight due to the trends in the market; change in the price tag
by Virgin Galactic, the change in population wealth statistics, and finally, the reduction in passengers’ fitness
requirements. The forecasts of this survey are summarized in Figure 7-4, the study assumed that the
commercial service will take off in 2008, with a starting price of US $200,000. However, prices are expected to
drop after three years, reaching US $50,000 in 2021 (Futron, 2006). Therefore, this is predicting that the market
of suborbital flights may not be sustainable in the longer term, as it has to compete with the orbital destination
(Ziliotto, 2009). Suborbital flights are, however, a necessary step towards the development of personal
spaceflight among the general public.

Figure 7-4 : Forecast for orbital personal spaceflight (Beard and Starzyk, 2002)

Several other market surveys have been conducted to understand the requirements and potentials of the new
market. Also to check the validity of previous findings, this in return will assist industries to come up with
personal spaceflight packages. One of these surveys is made by space adventures and highlighted that the high
price for personal spaceflight products has resulted to the low percentage of customers. It also highlighted that
the high price is the factor hindering personal spaceflight adventures, otherwise many people would want to go
on a trip around the Moon (David, 2006).

Figure 7-5: Futron forecast for suborbital personal spaceflight revisited

So far, orbital spaceflight is currently the most active with about seven customers reportedly to have paid not
less than $20 million US dollars, although not including Guy Laliberte, who paid $35 million (David, 2006).
However, it is difficult to predict the accurate price and many of them such as Futron studies overestimated the
market growth. Its main reason is the development of spacecraft or launch vehicle has not proceeded as their
initial plan due to some technical difficulties. For instance, Virgin galactic faced repeated delays due to an
explosion accident during a test and some technical difficulties (Malik, 2008). Other entrepreneurs who are
developing sub-orbital or orbital spacecrafts are facing similar challenges, and have been continually changing
their schedules. Along with the development schedule slippage, the market forecast has also shifted.
Although these companies faced repeated delays, nonetheless, technology has been progressing gradually year
by year. Therefore, the possibility that some companies realize personal spaceflight by 2030 is quite high.
Additionally, critical advances have been made during the past decade in many of the technologies that can
enable personal human spaceflight to become both technically and economically feasible.
Moreover, recent world economic growth, particularly in China, has increased the disposable wealth of much
of the population. As a result, there has been a significant increase in the number of people who are both
willing and able to purchase a trip into space. However, for the purpose of this analysis, High Net Worth
Individuals (HNWIs) refer to those having investable assets of US$1 million or more excluding primary
residence, collectibles, consumables and other consumer durables. In 2009, the world’s population of HNWIs
increased by 17.1% to 10 million and their wealth increased by 18.9% to US$39.0 trillion.

Figure 7-6 : 'World Wealth Report 2010' (Merril Lynch/Capgemini 2010)

The Figure 7-6 show the number of high net worth individuals that earns at least one million US dollars from
2006 to 2009 according to continents. From this chart, North America has consistently had the highest
percentage of HNWI in the world and it was increasing until 2008 when there was a reduction by 2.6% and a
total reduction in HNWI globally to US$32.6 trillion. However in 2009, there was an increase in wealth as hedge
funds were able to recoup their losses and commodities prices that dropped early in the year increased by 19%.
In 2009, the Asia-Pacific Market, Hong Kong and India’s economy has seen continuous growth in both economic
and market drivers of wealth despite the 2008 global recession. Overall, the Asia-Pacific rose by 25.8% to 3.0
million (Merril Lynch / Capgemini, 2010).

Governments around the world implemented a lot of measures in an effort to stimulate economic recovery
and support the financial system, particularly in the US and China.
Forbes’ List of Billionaires
HNWIs in this analysis represent individuals that have at least US$ 1 billion, who could be the potential future
personal flight participants, calculated by individuals or persons with publicly traded fortunes using share prices
and foreign exchange.
Table 7-8 : List of World's Billionaires

2005
Continent
N.America
Asia
Australia
Europe
S.America
Africa
Total

2006

2007

2008

2009

2010

%

HNWI

%

HNWI

%

HNWI

%

HNWI

%

HNWI

%

HNWI

53.4

374

51.1

403

47

448

45

505

48.9

388

44

437

14.7

103

22.6

178

22

208

25

278

21.1

167

27

271

0.9

6

1.1

9

1.6

15

1.6

18

1.6

13

1.4

14

28.1

197

21.7

171

25

240

26

286

24.7

196

24.1

242

2.3

16

2.9

23

3

28

2.4

27

2.7

21

2.7

27

0.6

4

0.6

5

0.7

7

0.8

9

1

8

0.8

8

100

700

100

789

100

946

100

1123

100

793

100

999

The Table 7-8 figures were derived from data on the Forbes list of billionaires from 2005 to 2010 and it shows a
list of Ultra High Net Worth Individuals that have at least a billion US dollars in different continents. As a result
of some countries sharing boundaries with two continents, Turkey was classified with Asia as well as the Middle
East. This analysis refers to the numbers of these individuals as against the previous bar chart that is more
detailed with the amount.
This table shows that majority of the HNWIs are located in North America. However, Europe and Asia are big
players. This table also shows the effect of the financial crisis of 2008, but demonstrates that the number of
HNWIs is going to reach again new records. Each region evolved differently:
North America: A great number of the HWNIs are in the United States, Mexico and Canada. In 2005,
the total numbers of HNWIs was 374 and it increased by 7.75% to 403 in 2006, then by 12.7% to 505 in
2008. After the financial crisis in 2008, the HNWIs were reduced by 23.2% to 388 and is gradually
picking up. As at 2010, the Individuals that have at least US$ 1 billion are 437 in total.
Asia: In 2005, the number of HNWIs was 103 and it increased to 178, 208 and 278 in the years 2005,
2006 and 2008 respectively. Asia was one of the regions that was hit really hard by the recession but
by 2009 the Gross Domestic Product (GDP) increased by 4.5% excluding Japan.
Australia: In 2005, the number of HNWIs was 6 and it increased to 9 by 50% and it kept increasing till
2008. Australia is now recovering from the financial crisis as the numbers of billionaires are slowly
increasing.

Europe: In 2005, the HNWIs are mainly from Germany, France, United Kingdom, and Russia. Due to
the global financial crisis, Gross Domestic Product (GDP) shrank by 4.1% and the number of billionaires
in the region reduced by 90. In 2010, the individuals increased to 242 which is still a far cry from the
286 in 2008.
Africa: The number of HNWIs in Africa has been fairly consistent in the region. They are mostly from
Egypt, Nigeria and South Africa. From the table above, there has been no significant growth in the
HNWIs. Since 2005, the increase has been about 50% from 4 to 8.
As a summary from these 2 figures, it becomes obvious that many people in the world have largely enough
money to not be deterred by the high cost of human spaceflight activities. Personal spaceflight can even be a
viable market to invest in for all above mentioned Billionaires. In additional to that there are a number of
individuals who have not been listed in the Forbes’s list of world’s richest people mainly because their wealth
could not be properly accounted for. This can be seen in the case of Late General Abacha of Nigeria, Hosni
Mubarak of Egypt whose wealth is estimated to be about $40 billion to $70 billion (PTI, 2011) who were all
acclaimed billionaires but was never in the Forbes list of world’s richest people.
Corporate customers
Since spaceflight is expensive for general citizens, even if some new technology could decrease its cost by 2030,
corporate customers are essential for the commercial human spaceflight business. The potential activities of
corporate customers will be research using the space environment such as microgravity and advertisement
using space.
Nonetheless, most of the corporations are indicating an interest in personal spaceflight through market
campaigns that have space themes. Currently, there are some companies using spaceflights as a means to
boost the morale of employees by a form of outstanding performances and also promotional prizes in
marketing campaigns. An incentive trip is a motivational tool to enhance productivity or to achieve other
business objectives (World Incentives, 2006). Thus, incentive trips are leisure travel that is awarded to
employees or customers as a sign of loyalty or as a prize for an excellent performance.
Industry research
There have been various types of experiments conducted in space using spacecrafts and space stations such as
Mir, Space Shuttle, and the ISS. The merit to conduct experiments in space is to utilize the special condition of
space especially microgravity. Although most of the researches have been led by governmental research
institutes so far, some of them have potential for industrial application. Peeters (2000), shows some examples
of industrial research that will benefit from Space.

Table 7-9 : ISS industrial applications (Peeters, 2000)

Discipline
Casting high performance Alloys:
Advanced process control

Industry Research

Application Examples

Cast products
Metal / matrix composites

Turbine blades, car bearings
Reduced weight for car and
airframes

Drug / active molecule
interaction

Faster drug design (HIV, tumours)

Production of nanoscale
particles

Advanced thin layers (lenses,
microchips)

Energy production and management:
Heat and mass transfer
Combustion

Better understanding
Accurate models

Oil recovery
Lower consumption and pollution
of engines

Biotechnology and Medicine:
Biology and physiology
Tissue engineering
Health care

Gene and cell behaviour
Tissues development,
bioreactors

Drugs modulating cell activities
Artificial organs and biomaterials
Osteoporosis, Wound healing

Crystal Growth:
Biological macromolecules
Particle Technologies

Advertisement using space
Since space has been attracting people for many centuries, promotions using space could provide the image of
a company or its products to consumers effectively. There were some examples of advertisement in the past
projects as shown below;
Advertisement using spacecraft or launch vehicle: Since the launch vehicles and spacecrafts are often
introduced in the television news, newspapers, and magazines, it is a very effective way for advertise
to put corporate logos or product images on the launch vehicles. In the past projects, Pepsi paid 5
million US dollars to Russia to attach the replica of a soda can on the Mir station. Also Pizza Hut put its
corporate logo on the Russian Proton rocket by paying more than $ 1 million US dollars to Russia (BBC,
1999).
Space qualified or space related products: There are many products in the market which were
qualified by NASA, ESA, or JAXA, such as “underwear using in the ISS (Goldwin, 2010). Since the space
program requires very high quality products, the space qualified products are recognized as high
quality and reliable products by consumers. In early 2000, one Japanese alcohol company asked Russia
to transport their alcohol’s yeast to space by Soyuz launched in 2005 and bring it back to the Earth.
Using the returned yeast, they made alcohol from it and sold it as “Space Alcohol” (Tsukasabotan,
2011). Although it is questionable whether only eight days stay in space causes some effect on the
yeast, the fact that the yeast went to space could add special value to the alcohol and its sales were
very successful.

Figure 7-7 : Deodorizing Underwear developed as spin-off on left (Goldwin, 2010)
and Tosa Space Alcohol on right (Tsukasabotan, 2011)

Advertisements made in space: In 2001, the Japanese beverage company Otsuka Pharmaceutical Co.,
Ltd. made a television commercial of its product, Pocari Sweat, on the Russian module of the ISS. The
cost to produce this advertisement was around 100 billion yen, which was a little bit expensive
compared to normal price, but it provided a great impact on Japanese audience (Nakata, 2001).

Figure 7-8: TV Commercial produced in Space (Credit: Otsuka Pharmaceutical Co., Ltd)

In summary, the revenue from space advertisement is not so large compared to the cost of human spaceflight,
but it could help the financial situation of the human space program to some extent. However, there is an
ethical issue that needs to be taken into consideration, which is that those advertisements should not give
negative image of the space activities to general public. Since our vision requires deep involvement of public
sector, this issue is very crucial.
These three examples of Space advertisement were carried out without a real need of humans. However they
help us to forecast how human spaceflight can be an interesting tool for these activities.

According to Futron (2006), the development of orbital market requires technological intervention to promote
the market. The suborbital market, on the other hand, will depend largely on the existence of a commercial
market to boost long term investment. However, the following HSF market drivers must be taken into
consideration to pass through HSF technical and economical boundary constrains.
Destination
Destinations could be classified into three types based on the difference of requirements for the spacecraft,
launch vehicle design and many other factors; sub-orbital, orbital including low-earth orbit (LEO), and to places
beyond, such as the Moon.
Currently, sub-orbital flights are almost realized, and, in Europe, Sweden is now considered the candidate place
for the suborbital spaceport (Spaceport Sweden, 2008). That is why; there would not be strong motivation to
build another European spaceport in Kourou. Going to the Moon is a very attractive plan, but it is questionable
whether human moon exploration will be realized by 2030. It is technically and economically feasible for
commercial flights, considering the fact that many human spaceflight programs have been suffered repeated
delays. Based on those facts, LEO flights can be considered as the most reachable and appropriate option for
personal spaceflight from Kourou in 2030. In a LEO flight, the possible destinations are ISS (or next generation
of the space station), private space station (space hotel), or just to orbit the earth for research or
entertainment.
Number of passengers
As mentioned above, it is difficult to forecast commercial demands. However, from the service provider’s point
of view, it is possible and important to discuss how many passengers should be transported per launch and
how many launches should be conducted per year. According to the Kutter’s report (2006), it is necessary to
produce more than five launch vehicles per year to achieve the cost effective production. This is because if the
production rate is less the five per year, the ratio of the fixed cost within the total production cost becomes
significantly high and it causes a high launch price. Therefore the target launch rate should be more than five
launched per year including both governmental and private use.
The more passengers the spacecraft carries per one launch, the cheaper its ticket price becomes, therefore the
spacecraft capacity is also important. For example, Soyuz spacecraft can transport three passengers per launch,
while SpaceX’s Dragon crew capsule and Boeing’s CST-100 will have capacity of seven passengers (SpaceX,
2011; Boeing, 2010).
Ticket price
Ticket prices for personal flight participants will define the breakeven period (based on regular flights) after
which a tangible profit from HSF business will return covering all launch expensive costs, and that is why the
ticket price is a crucial driver for HSF business.
Moreover, if a part of the private HSF launch cost will be covered by public money; there would be strong
opposition from taxpayers. Therefore, ticket price can be briefly calculated from launch price and number of
private passengers.
Potential customers

Since the ticket price for the personal spaceflight will be very expensive, the private customers will be limited
to very rich people who can afford to buy a ticket.
The spaceport business should be based on the needs of the affluent. In this sense, comfortably
accommodations, training schedule should be adapted as possible for them.

In order for the achievement of the Kourou Vision 2030, strong support from the general public is of great
importance. Development of a launch vehicle and maintenance of a spaceport requires sharing private as well
as public resources. Promotion of space activities to the general public through outreach or educational
activities is, therefore, important to increase public awareness and eventual stronger political support. In
addition, since our vision considers personal spaceflight as a key funding source, direct promotion to potential
customers is essential. Although the approach to promotion must be carefully targeted to the right audience,
some common communication tools can be used for an efficient promotion program. Two different kinds of
promotion strategies are considered required:
Public outreach: This represents the promotion method for the general public, includes educational
activities. The purpose of outreach activities is to make the public aware and excited of space activities
and to obtain support from the governments that implement their will. Educating people, especially
the young generation, is very important to maintain the technological competency of Europe for the
future. Today, national space agencies and ESA have various promotion offices that advertise the
space sector. However, the general public is not really aware about the space-industry or the benefits
it brings to the general public. As an example, an IPSOS survey carried out in 2008 on French, German,
Italian and Spanish public showed that CNES is known by only 1% of those countries population
(Peeters, 2011a).
Marketing: This represents the active promotion of the personal spaceflight services to the target
customer base. As described in the “HSF markets” section, the target customers base would be initially
limited because the ticket price would not be affordable to the average citizen. Although there are few
examples of human spaceflight promotion, other luxury services can be also be addressed to establish
an effective promotion strategy.

Why public does not support space
Many members of the general public consider the Space sector less important for the spending of public funds
than other sectors, such as health care, education, or social services. Even though large amounts of money are
spent in the space sector, tangible benefits are not often understood within the general public. An example of
this problem is with the Global Positioning System (GPS) as the public widely use it but do not really know that
this is a direct Space-based application. Thus, to promote a potential human spaceflight activity in 2030, it will
be mandatory to strengthen space promotions by explaining and showing the tangible benefits for the public
and the return for the society.
Lack of knowledge about space

Another problem today is the perception of people about Space: it is seen as too futuristic, too complex, or too
elitist. Many people do not understand the principles that drive Space, such as how the systems work or what
are physics are involved. This situation makes the public feel distant or prevents them from identifying
themselves as potential space participant. To reach a point where the public understands the basic of Space,
simple Hollywood movies or documentaries on television will not be enough. Including courses about Space
within public schools, such as high schools could be a method to promote space to the general public.
Classical promotion tools
Mass media is a very effective tool used to inform people. But most media tools, such as television and
newspapers require large amounts of money for advertisement. As mentioned above, the public is sensitive
when using public money for promotion, thus using the high cost promotion tools should be minimized to
avoid taxpayers’ complaints. Direct promotion, such as visiting lectures or open days does not cost too much
and tell the message effectively. But the number of people to whom we can tell the message is very limited
compared to the mass media. Some ideas to reach people could come from lectures from professional
astronauts, invitations to launch site to watch a launch event, and public openings of launch facilities or
research centers (JAXA, 2011). As we outlined in the entertainment section, opening the facilities at Kourou to
the public for visiting and training experiences could be useful.
Ethical issues in promotion
For the promotion to general public, ethical issues need to be taken into account. Using negative emotion such
as fears and threats should be avoided because it will not encourage people to support the activities (Peeters,
2011a). Also, spending too much money on the promotion of space should be avoided because tax payers do
not want their money to be spent for the promotion of a public organization.

Promotion techniques, such as target marketing, are necessary (Peeters, 2011b). As explained in the market
analysis section, customers for space tourism will be limited to the rich people, at least in the early days.
Therefore we need to seek different ways from other general tourism.
One of the main problems is that potential customers may think that a spaceflight is extremely complicated
and requires a perfect health condition. In order to catch new customers, and as the technology is improved to
reduce this complexity, marketing is needed to show that the proposed trip is safe and does not need an
extreme physical condition.
An idea to catch more people is simply to address an unusual target for this kind of activities: the “average”
person. To do so, as the price will be obviously too expensive for them, a lottery system could be set up with a
ticket for space flight as a prize. This would improve also the public outreach as people would feel they can
participate in this endeavor.
It might be effective to publish the names of some famous customers, because it could stimulate the interest of
other potential customers. Although there are not enough examples of personal space flights, it could be useful
to refer to other sectors which provide luxury or expensive services for limited customers, such as adventure
tourism. Also we can refer people to an existing space tourism company, such as Virgin Galactic and Space
Adventures.

Europe stands at the threshold of a new era of human spaceflight. Nearly four decades after the first European
efforts towards human spaceflight autonomy through the Hermes project, Europe is still reliant on
international partners to send its astronauts into space. With the NASA Space Shuttle Program retirement later
this year, along with many other emerging and established international human spaceflight players, Europe’s
role in the future of human spaceflight beyond the planned ARV (Advanced Return Vehicle) must be defined.
The fundamental objective of this ‘Kourou Vision 2030’ is to give a glimpse of the immense potential currently
dormant at the Kourou spaceport. This mental image aims to raise the question, ‘why not?’ in the minds of
decision-makers, active space players, as well as the general public. Answering this question can be brought
about by the implementation of seven key principles in both underlying factors and constituent elements of the
future spaceport. The envisioned Kourou spaceport would go beyond a basic human-rated spaceport to
become a formidable example of the capabilities of Europe’s space industry and the greater achievements
possible when political cohesion and private-public collaborations are realized.
With the right principles in mind and a vision of the future, this report ventured towards studying the
implementation of these in the current Kourou. Three sub-divisions, which constitute the structure of this
report, emerged from the investigations. Underlying factors - basis to any developments, constituent elements
-representing components of the future port, and strategy-policy, legal, and collaboration frameworks- form
the implementation picture. At each of these steps, gaps were found and recommendations made towards
future developments in agreement with the vision principles. These are outlined below:
Underlying Factors
Energy Generation: The evolution of the current and the construction of new facilities required to
achieve HSF would require higher power needs than those available today.
Recommendation: Environmentally sustainable ‘green’ energy sources using a combination of wind, solar,
and tidal power technologies should be investigated.

Constituent Elements
Transportation: Higher numbers and amounts of people and equipment respectively would need to
be transported from mainland Europe to French Guiana.
Recommendations: Adaptability must be implemented in both vehicles and policies when shipping cargo
or equipment. For human transport, increasing the frequency of flights to Cayenne, streamlining Visa
applications, and facilitating airport logistics is recommended.
Security: Security protocols for payloads and ELV equipment would need to evolve to incorporate
both professional astronauts and spaceflight participants
Recommendations: Separate security responsibilities between the public and private entities. In addition
to reliability, cost efficiency, and clearly defined scope, the security system should be friendly to
spaceflight participants and their relatives.
Entertainment: Spaceflight participants, their relatives, and the general public would be highly
interested in space and non-space related entertainment
Recommendations: Engage the public and families of spaceflight participant by offering astronaut-training
and other space-related amusements. Designers should aim for high quality infrastructure and
luxurious accommodation aiming at the high-income personal spaceflight market
Health Care: Current environmental controls mitigate health risks to the ground crew , yet these must
be expanded and revised to include a larger human contingent of varying needs and levels of
susceptibility. Furthermore, pre-flight medical checks and post-flight countermeasures must be
implemented.
Recommendations: Define accurate space-fit criteria for both astronauts and spaceflight participants.
Facilities must implement adaptability in design and operations for both users. Evolve and optimize
local hospital and Cologne’s EAC facilities. Lastly, environmental control must be implemented to
prevent exposure of hazardous pathogens to the crew and public.
Training: The EAC in Cologne offers a solid training program to ESA’s astronauts, but it is unfortunately
not complete. Training programs must be expanded to include theoretical, physical, and
practical/simulation phases of all the spaceflight experience.
Recommendations: Since some form of pre-flight training facilities would be required at Kourou, perform
trade-off studies to determine best distribution of training complexes avoiding duplication and
ensuring adaptability to both users. Standardization of these training is also recommended in order to
increase cost and time efficiency.
Assembly and Integration: Currently Kourou counts with very well established A&I procedures but the
next generation human-rated launch vehicles would require evolution of these increasing adaptability,
safety, and minimizing time. A new launch pad and integration streams might be required for the
human-rated NGL
Recommendations: Facilities must be adaptable to both human-rated and unmanned launch vehicles.
Hydrocarbon liquid propellants are encouraged in the light of increased safety and easier handling. A
trade-off analysis is suggested considering horizontal integration is as an alternative to current
techniques.
Launch Vehicle: Currently non human-rated rockets exist at the Kourou spaceport, thus either the
human-rated Soyuz, modified human-rated Ariane 5, or the next generation launcher must be chosen
to achieve this task
Recommendations: Because of the little practical experience of Europe with RLV technology and large
heritage with ELVs, these are central to the discussion. Hydrocarbon propellants are once more

proposed as options to consider in trade-off analysis versus liquid hydrogen and solid rocket-engine
technology.
Launch preparation: Readying both the launch vehicle for flight would require safer and more reliable
procedures than those currently in place. There are no procedures currently at Kourou to prepare a
crew for human spaceflight.
Recommendations: Reducing flight campaign times through automation and standardization of interfaces
would increase flight rates and reduce costs. Astronaut preparation involves deciding on the most
appropriate flight suit and related fitting operations. Also, research experiments, it is recommended,
possess their own specialized adaptable preparation facility.
Communication and Telemetry: Current telecommunication capabilities at Kourou would have to
evolve to include a global network with increased reliability.
Recommendations: Implement common language, data handling and dedicated frequency protocols to
ensure efficient communication.
Aborting: In case of system failure and flight cancellations, aborting systems need to be in place to
ensure crew safety in case of emergencies
Recommendations: Various aborting techniques for ground and in-flight escaping are presented as options
for the future Kourou. The principles of adaptability and human-centred design are practically
addressed for whatever architecture in general
Landing and Recovery: Landing and recovery systems must be developed to safely return the crew to
the port after the spaceflight
Recommendations: A preliminary selection criterion is introduced for choosing the most appropriate
landing location.
Existing and futuristic landing technologies are then presented. Recovery
procedures are addressed from an adaptable and cost effective perspective considering new plausible
solutions such as UAVs
Strategical Aspects
Legal: The current FSOA at place in Kourou does not include HSF legislation, therefore, once humans
are launched from Kourou, legislation must be put into place
Recommendations: After observing mainly the U.S’ CSLA, interesting incentives to private players are
found in clauses sharing risks and removing legal uncertainty.
Policy Framework: Current lack of cohesion in ESA policy has stalled HSF efforts. Bringing all partners
together towards a single goal is paramount to realize such a complex and risky project.
Recommendations: Developing a consistent policy for human spaceflight activities within Europe.
Collaboration Framework: Various current and past projects have embraced public-private
partnerships
Recommendations: Case-studies of various Public-Private partnership projects are presented on equal
grounds for decision makers to obtain a good understanding of the potential of these collaboration
schemes and choose a specific path considering all aspects. A risk analysis should also be performed.
Human Spaceflight Market: There is growing interest in starting a personal human spaceflight market.
It is expected that Kourou would strong competitor in both the public and private markets of 2030.
Recommendations: After studying the current potential market, incentives to further develop it, such as
advertising, are presented. The key drivers are also addressed as important variables that determine
the future direction of the market.
Promotion: Currently, Arianespace performs marketing of launcher services inside the commercial
launchers market. However, future HSF activities from Kourou must reach beyond the space industry
into the general public to the rich baboons.

Recommendations: Marketing of the HSF services could engage the public through lottery draws, for
example. Furthermore, public outreach could also be achieved by the introduction of seminars to the
young generation.
After addressing all underlying factors and spaceport elements, an exciting picture of the potential future of
Kourou has been drawn. Could it really become the flagship of the European space industry: more than simply
a human spaceflight port but an example of the fruits of political cohesion, international public and private
collaboration, adaptability, and sustainability? If the seven principles presented here are implemented in the
design, development, and operation of the future spaceport at Kourou, the port would evolve into the
consummate European gate to the cosmos.
Europe plans to commence development of the Next Generation Launcher (NGL) by 2020 to replace the Ariane
5ME before 2030. There are no plans today to human-rate the NGL. The above picture of Kourou could become
a reality if only the political cohesion required for a decision is achieved: why not human-rate the NGL? Why
not apply the seven principles and the public-private partnership model to spark European human spaceflight?
Using Gene Cernan’s words during the last Apollo mission: “If I can go to the Moon… nothing, nothing is
impossible.”

