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"The White Rabbit scuttles and humes Always late, he constant!J womes.
He jumps into his hole, and Alice follows behind,
Not knowingjust what she mightfind".
Lewis Carrol, Alice in Wonderland (1865)
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STUDENT PREFACE
This report was written by the members of the 1998-1999 class of the
Master of Space Studies (MSS) program of the International Space
University (ISU) . From September 1998 to July 1999, 38 students from 24
countries came together at ISU's central campus in Strasbourg, France, to
participate in the fourth year of the MSS program. The students came from
a wide variety of backgrounds, as well as academic and professional
disciplines, creating a rich atmosphere of new influences and ideas. As the
students worked together during the year, strong friendships were formed
which will always remain.
The 1998/ 1999 MSS program culminated in a Team Project. This was
carried out by all students and had two purposes: first, to provide experience
of international teamwork on problems requiring an interdisciplinary and
intercultural approach, and secondly to produce results that can be
influential in the international space community.
This year's topic focused on the utilisation of the International Space Station
(ISS), a crewed research facility in Earth orbit. In response to the policy
shifts of certain ISS Partners, Open f or Business proposes a new approach
towards commercialisation of the ISS.
The project went on continuously throughout the year, but most of the
work was performed in June and July 1999, during which the students
worked full-time. Despite the wide diversity of attitudes and opinions each
of us brought to the project, the class always worked together as a team to
achieve a common goal.
We hope this work will be of use to the Partner space agencies, which made
the ISS a reality, as well as to the future commercial users of the ISS and its
facilities.
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fACULTY PREFACE
Space programs world-wide> and the International Space Station program in
particular> have become increasingly international and commercial in nature.
The Master of Space Studies (MSS) educational program of ISU is geared
towards providing students with the necessary competitive edge to manage
all aspects of a space program - scientific>engineering, economic, p olitical,
legal and organisational - with the knowledge and understanding of the
complex interactions between disciplines.
There is a solid tradition at the end of MSS lectures: the Team Project. This
is where the students apply what they have discovered during their lectures
throughout the year. The objectives of the Team Project are: to create an
innovative, focused conceptual study; to analyse issues from the perspective
of various, if not all, disciplines, where conflicting requirements emerge and
compromises must be made; and to develop skills in teamwork, leadership
and decision-making.
This important element of the MSS program engages all students and
enables them to learn by experience, working together in teams to find
solutions to complex problems in an international and intercultural
environment. It is a valuable opportunity for students to exercise their
imagination and initiative. Whilst the T earn Project is intended to be an
academic, educational exercise, its structure, organisation and fmal product
are also intended to simulate working on a real-life space agency or industry
project in order to provide students with practical training, not normally
gained from a purely academic exercise. For the MSS-4 Team Project, the
topic was chosen in connection with the biggest space adventure o f the end
of the 20th Century - the International Space Station.
Why ISS and why the Commercialisation o f the ISS? Obviously it was an
attempt to respond extremely quickly to recent space activity. Now that
most of the possible scientific experiments onboard the ISS have b een
examined, it is quite timely to raise and answer a fundamental question: h ow
do business-like activities take place on the ISS. The Partners of the ISS
program have spent an incredible amount of money to build it. It is going to
be very expensive to maintain it for a further 15-20 years of operation.
Sound marketing of its unique characteristics to the potential users was a
really " hot" topic for the students' study. The students of the MSS class
believe that commercialisation of space activities, even for such a
complicated and ambitious project as the ISS is possible, even fmancially
valuable; and they agreed to work on their concept in one team.
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During the T earn Project time, the MSS 4 class consists of 38 students from
24 countries around the World, with a large variety of educational
backgrounds and professional experience such as aerospace engineering,
industrial management, marketing, medicine, physics, international law, etc.
This class worked on the T eam Project as a group o f like-minded
professionals, using an innovative management approach to realise
interdisciplinary and international solutions. All students worked hard in
Module 2 on the Team Project Part 1, as well as in Module 5, when the main
study was done. Two months of intensive meetings, discussions, research
and editing, even on the weekends and public holidays, gave a valuable final
result.
This year especially, the ISU Faculty has made a great effort to avoid the risk
of having a study that is too theoretical. Clearly the risk is to forget, in a
theoretical study, the unavoidable constraints of realities, and all the
interfaces of any kind that link the parts of the whole theme as well as the
different ways to design, criticise and characterise it. Another possible risk is
simply to bury all these aspects under words. That is why the students were
pushed to confront themselves with complexity and to try to cope with it,
which is unusual and somehow stressful. The global result of this way of
proceeding was to clearly put in evidence and to understand why:
•
•

When looking superficially at future space projects, they seem to be easy,
fast and cheap.
When looking superficially at the past space projects, they surprisingly
seem to be difficult, long and expensive, leading the citizen to ask "how
is it possible to forget during each new project the lesson s learned in the
previous ones?"

H ere, we did not want the students to be too naive, to have too much
"wishful thinking", and to become too unrealistically optimistic. We wanted
them to become more mature people, to discover that Nature is difficult,
that Physics has its merciless laws, that words and even money have minimal
p ower when facing the physical world. The Faculty, as advisers, wanted to
tell them that Space is not opera, n or a cartoon, or a movie. First of all, it is
a difficult political, business, scientific and technical world, wh ere things
have a strange behaviour. Hence their current way of thinking, a-priori ideas,
orders o f magnitude, concepts may not be used in Space in the traditional
manner. The Team Project was therefore the opportunity for the students to
discover by themselves, with their expertise, knowledge and skills such a
surprising but wonderful world, where wishful thinking is a permanent
temptation ... and the best way to a dead end.
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Obviously this push from the Faculty was not always popular, as it was a bit
constricting for the students. But from a methodological point of view, it
was the best service we could give them, preparing them for their
professional lives. Obviously this study led to results which are far from the
oft-presented optimistic conclusions of a too superficial analysis of the ISS
opportunities in commercial applications. The global trend of the
conclusion is that it is not at all easy to use the ISS as a basis for commercial
activity. This result was suspected and feared by a lot of people, but perhaps
the reasons for this difficulty were not brought into the spotlight. Thanks to
the present report, they are now clearly visible and our hope is that future
readers will be able to progress from the present situation that is
characterised by the students' report.
It was a great pleasure and an extremely enjoyable experience (both
professional and social) for us to work with the MSS-4 students on this
Team Project. It seems to us that they have succeeded both in the process as
well as in the fmal product of the Team Project, which can become
interesting for the leading Space Agencies, Space industry and numerous
users of space-related technologies around the World.
We would like to acknowledge the support given by many external experts
who through specific presentations, discussions, teleconferences or mail
enabled the MSS-4 class students to produce, for themselves and their
readers, a vision of possible (and impossible) ways for the ISS
commercialisation in the near future.
The Faculty:

Professor Brij Agrawal
Professor Oleg Atkov
Professor Franc;:ois Becker
Mr. Jean-Pierre Bombled
Professor Y oshinori Fujimori
Dr. Ram J akhu
Dr. Vernon Singhroy
Professor Nikolai Tolyarenko

Teaching Assistant:

Miss Olga Zhdanovich
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ABSTRACT
The International Space Station (ISS) is the result of collaboration between
fifteen countries. Originally planned as a scientific facility, a shift in policy
has recently occurred towards commercialisation of the Station.

Open for Business -A New Approach to Commercialisation of the ISS is written in a
response to this policy shift. It sets out to identify the major constraints
under which the commercial user of ISS must operate, and proposes
solutions for both the Partner space agencies and the commercial users
themselves, to facilitate this commercialisation process.
In a time when the ISS Partners face reduced fiscal resources and increasing
pressure from their constituencies to justify the huge costs of the ISS,
commercialising utilisation seems a logical solution. Clearly, successful
commercialisation can help recover part of the large development and
operating costs of the ISS.
The structure of Open for Business is divided into two main parts: Part One is
entitled "Constraints and Solutions" and Part Two analyses two "Case
Studies". Part O ne proposes new solutions (political, legal, technical and
managerial) to the existing constraints applicable to the commercial
utilisation of the ISS. These solutions are then integrated and unified into a
l'Jew Approach towards ISS commercialisation. This approach makes four
main recommendations: to provide a political will for ISS commercialisation;
to modernise and update the law applicable to the ISS; to provide technical
solutions to the technical limitations of the ISS; and to establish a new
Unified Management Company (UM Co.) to facilitate ISS utilisation for the
commercial user.
In Part Two, the New Approach is applied to two potential commercial
applications onboard the ISS: the International Space Satellite Servicing
System (I 4S) and Protein Crystallisation. This approach is then compared
with the E xisting Approach to ISS commercialisation.

The Zarya-Unity Complex

Introduction

On November 1Oth 1998, Zarya, the first module of the International Space Station
(ISS), was launched from Baikonur, Kazakhstan. One month later, on December 6th, a
successful docking was achieved between Zarya and the Unity module, launched from
the Kennedy Space Center (KSC), Florida. Thus began the reality of the ISS, in orbit
after more than a decade of planning. The utilisation of the Space Station, a joint
venture between five international Partners (the United States of America, Russia,
Japan, Canada and European Space Agency (ESA) states), has been a focus of study
for the fourth Master of Space Studies (MSS-4) class of the International Space
University (ISU).

"Open for Business -A New Approach to Commercialisation of the ISS ', follows an
earlier literature review conducted by the MSS-4 class entitled "The International
Space Station - A User 's Overview" (MSS-4, 1998). The User's Overview was
designed to address basic information required by potential clients of the ISS: the
scientific and commercial users. In its conclusion, a look at the future of the ISS, three
broad groups of possibilities were suggested.
The first set of possibilities was developmental and technological in nature. Several of
the issues, identified in the User's Overview, are discussed in more depth in this
document. They include, among others, the political and legal regime, the ISS
environment and current ISS management.
The next set of possibilities was more commercial in nature. The User's Overview
called for a more business-like environment, which smoothly communicates the
unique benefits of the ISS to industrial users. It suggested that the Partners
demonstrate a profitable model and affirmed that only profit can drive commercial
space activities, in times of scant fiscal resources. Open for Business provides a closer
examination of the business, management and financial concerns of the ISS.
The final group of possibilities cited in the User's Overview was a series of planning
questions about the future. It suggested that the ISS would benefit from a more
comprehensive planning process that integrates the full range of economic, legal,
political and cultural issues, with engineering and science, and plots the progress of
the ISS to the end of its projected 15-year lifetime.
In response to the recent policy shift of the Partner space agencies towards ISS
commercialisation, Open for Business uses the User 's Overview as a foundation to
focus on commercial utilisation of the ISS. Open for Business sets out to propose
solutions to ease the constraints related to ISS commercialisation for all the parties
concerned. These include the Partner space agencies, new and prospective users of the
ISS, members of business and industry within and outside of the aerospace sector, as
well as the international general public, many of whose tax funds have supported the
project.
In 1998, two pieces of legislation accelerated the drive for commercialisation of outer
space and the ISS in particular. The Inter-Governmental Agreement (IGA) of 1998
included commercial interests as an integral part of the legal framework:

"The object of this agreement is to establish a long term international cooperative framework among the Partners.. for the utilization of a permanently

Commercialisation of the ISS

inhabited civil international space station. .. this space station will enhance the
scientific, technological, and commercial use of outer space. "
The NASA Authorisation Act of 1999, Section 209, Definitions of Commercial Space
Policy Terms, US House ofRepresentatives, defines commercialisation:

"The term 'commercialization' means the process of private entities
conducting privatized space activities to expand their customer base beyond
the Federal Government to address existing or potential commercial markets,
investing private resources to meet those commercial market requirements. "
Considering the difficulty that space agencies are currently having in generating
interest on the part of paying customers for the ISS and the overwhelming estimates
of ISS operating costs, this is quite an ambitious stance. While the space agencies are
clearly stumbling under the fiscal load of the ISS, the significant commercial potential
needed to justify Mr. Goldin' s statement has not been identified. Another observer,
Charles T. Force, NASA associate administrator for space operations from 19891996, commented (Force, 1999):

"NASA 's thinking tends to be grandiose. The Agency will consider
commercializing major Operations elements while ignoring commercialization
potential at much more mundane levels. "
Open for Business will look at these "mundane" levels of commercialisation. The
international movement toward commercialisation must necessarily walk before it can
run. This is how ISS commercialisation is defined for the purposes of this document:
The near-term enabling and support of commercial activities on the space
segment of the ISS, in order to generate income, with the primary aim of
making profit.
For clarification, our definition does not extend to privatisation of operations or the
transfer of public ownership.
Why consider commercialisation at all? The simplest answer is that Partner states are
very concerned with it. In a time when they face reduced fiscal resources and
increasing pressure from their constituencies to justify the huge costs of the ISS,
commercialising utilisation seems a logical solution. Clearly, successful
commercialisation can help recover some of the operating costs of the ISS.
Another reason to consider commercialisation is the immediate environment in which
the work on this document took place. The original topic for this thesis was space
manufacturing. Its focus began to drift during the Fourth Annual Symposium of the
International Space University (ISU) held in May 1999. The Symposium's topic was
"The International Space Station: The Next Space Marketplace." Commercialisation
was the hot topic, through which almost all other discussion filtered . It was, therefore,
natural that these concerns would shape the eventual content of Open for Business.
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In the Symposium conclusions, the following statements were made:
•

•

•

From a long-term perspective, agencies are not well suited to operate space
stations or to manage commercial activities. They should act as promoters of
commercialisation;
Management and support structures must be created to make ISS utilisation by
commercial entities as "user friendly" as possible. At the same time, these
structures must enable, not limit, competition between potential users;
It is a major task of both the private and public sectors to identify, discuss and
prepare to ease the constraints to the process of commercialisation.

These will be continuing themes within this report and have assisted in forming the
key hypothesis of Open for Business:
Commercialisation of the ISS is, in whole or in part, a theoretic possibility and
might be economically successful, if the current severe constraints are
overcome.
To investigate this hypothesis, the structure of Open for Business is divided into two
main parts. Part One is entitled "Constraints and Solutions" and is composed of three
chapters: Policy and Law, Technology and Business and Management. Each chapter
proposes new solutions to the respective political/legal, technical and
business/managerial constraints to ISS commercialisation. The individual conclusions
of Part One are integrated and unified into a New Approach, which is then applied to
the two case studies of Part Two: the International Space Satellite Servicing System
(I4S) and Protein Crystallisation. Although a variety of constraints are identified to
the process of ISS commercialisation in Part One, the four most significant, in the
short term, are:
•
•
•
•

A lack of political will promote ISS commercialisation, despite much talk by the
Partners;
A complex and international network of legal and regulatory concerns;
A variety of technical limitations, which strongly affect the launch cost and the
physical environment of the ISS;
A chaotic business environment.

Each of these constraints is discussed in greater detail within the three chapters ofPart
One. Chapter One proposes a new political and legal framework in which the private
investor can operate. More specifically, it discusses the issue of political will in
concert with the legal framework that surrounds the ISS. One of the great lessons of
the Apollo program of the US and the Salyut program of the former Soviet Union, is
that when the political will exists, the financial and technical solutions can be found.
The same applies to the ISS, where the Partner space agencies are searching for the
political will to promote the ISS program. It can be seen that the parties talking about
commercialisation consistently overlook the fact that the existing treaties relating to
outer space, and the ISS in particular, pose a severe constraint to potential commercial
activity onboard the ISS. This chapter provides a description of a new legal
framework, which could reduce the uncertainty currently facing private investors.
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Chapter Two recommends potential solutions to the technological limitations of the
ISS. It addresses several technological constraints, including those pertaining to the
physical environment of the ISS (e.g. quality of micro-gravity, vibrations, orbital
inclination) in which the commercial user will have to operate. However, the key
technological constraint discussed is the transport of commercial payloads to and from
space, which many consider to be a severe hindrance to the commercial user.
Chapter Three proposes a new management body, the Unified Management Company
(UM Co.), to assist the Partner space agencies and to locate and engage commercial
customers for the ISS. It is devoted to solving the problems posed by the multi-Partner
business environment, described previously as an "impenetrable fortress" (Cassanto,
1999). The chapter presents the structure and activities of the UM Co., as well as
financial options and a prospective marketing campaign to build ISS awareness. In an
interview with Space News dated July 12 1999, the NASA administrator Daniel
Goldin lent credibility to such an idea for commercialisation of the US portion of the
ISS.

"If a company wants to take on financial risk and amortize the operating cost
of the Space Station across NASA and other customer bases, where we 're less
than half, that I would consider commercialization and we'd be thrilled to do
that. "
In Part Two, the two case studies are not intended to illustrate realistically feasible
missions onboard the ISS as much as they are exercises in the application of the New
Approach proposed in Part One. In fact, a continuing frustration surrounding the
ongoing examination of the ISS is that no overtly feasible commercial ideas have been
identified. However, over sixty ideas were initially generated during this study,
eventually narrowed down to a final half a dozen ideas whose feasibility was studied
in detail. Three of these ideas are presented in this report, two as case studies in Part
Two and one relating to the use of quantum computers onboard the ISS in Appendix
A
Therefore, it is not surprising that commercial customers are not rushing to the ISS, as
it is very possible that no economically viable applications yet exist. Even the
application of protein crystallisation, promoted by many space agencies as the most
likely to succeed for quite some time, has not demonstrated any clear success. It is
important to note that even if a productive space-borne product is the result of
government research, there is no compelling reason for private industry to risk
investment in the unpredictable space business. In other words, a key factor is the
economic impetus toward commercialisation.
In the conclusion of Open for Business, the future of commercialisation of the ISS is
discussed. Is it a realistic objective? Are the Partners being straightforward about
commercialisation and their efforts to reach it? What combination of conditions must
exist for commercialisation to be realised? Open for Business will seek to answer
these, and other questions, in an attempt to promote ISS commercialisation.
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PART ONE: CONSTRAINTS
AND SOLUTIONS

Part One: Introduction

INTRODUCTION TO PART ONE
This part ofthe report identifies the existing constraints in which commercial users of
the ISS have to operate and suggests some corresponding solutions, for both the
Partner space agencies and the commercial users themselves. Part One is composed of
three main chapters and a conclusion.
Chapter One, entitled "Policy and Law", discusses the framework of the ISS, its
associated political risks and a proposed modernisation of the legal regime which
surrounds ISS activities.
Chapter Two, entitled "Technology", analyses the technical limitations of the ISS,
within which commercial users will have to perform their activities. It proceeds to
suggest ways to extend these limits, in order to provide a facility that can attract a
greater number of commercial users.
Chapter Three, entitled "Business and Management", begins with a brief discussion of
the current management structure of the ISS. It then proposes a new management
structure called the Unified Management Company (UM Co.) and then proceeds to
suggest a new marketing and financing approach to ISS commercialisation.
The "Conclusion to Part One" provides a tabular description and index to the
constraints and solutions identified in these first three chapters. The four main
recommendations arising from these chapters are then summarised to form an
integrated and inter-disciplinary New Approach to ISS commercialisation, which will
later be applied to Part Two.
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CHAPTER ONE:

POLICY AND LAW
1

Introduction

The ISS is the result of an international collaboration between five Partner states: the
Government of Japan, the US, Canada, Russia and eleven states ofESA. The political
and legal framework surrounding the ISS program is therefore based on intergovernmental agreements (IGA) and memoranda of understanding (MOUs) 1. This
chapter discusses the major political issues relating to the commercialisation of the
ISS, followed by an identification of the key legal issues that affect the commercial
user.

2

Political Issues

This section will focus on two key political issues that profoundly affect the
commercial user ofthe ISS: the nature ofthe current ISS framework and the element
of political risk.

2.1 The ISS Framework: International or Multinational?
The ISS, by definition, is considered to be an ' international' venture. Even Article 1,
of the 1998 IGA, states that:

"The object of this Agreement is to establish a long-term international cooperative framework among the Partners, on the basis of genuine
partnership ... "
However, in practice, there exists the possibility of the ISS program becoming a
' multinational' competitive venture, where each ISS Partner maximises its own
return, rather than genuine co-operation to achieve a common goal. The subtle
difference between ' international' and ' multinational' lies in the ISS configuration
itself, which is an assembly of modules each with respective national jurisdiction (e.g.
the US module is subject to US laws and policies). This situation could hinder any coordinated effort to promote commercialisation of the ISS. On the other hand, it could
enhance national efforts to commercialise some parts of the ISS. Therefore, this
section addresses the different levels of involvement and the different visions of
commercialisation among the ISS Partners.
2.1 .1 Different Levels of Involvement
The foreign policy agendas of the ISS Partners are extremely diverse. This diversity
has a significant impact upon the utilisation rights of the ISS Partner and non-Partner
states, both of which are discussed below.
1

Please refer to the first part of the MSS-4 project: "Utilisation of the International Space Station: A
User' s Overview" to have a historic background of the ISS cooperation efforts.
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The Utilisation Rights of the Partner States
A constraint to commercial activity onboard the ISS could be the perception of
inequality between the different ISS Partners. Although the treaties establishing the
ISS legal framework were agreed upon by all the Partners, significant differences in
the utilisation rights of the Partners may provoke an atmosphere of competition,
detrimental to a common commercialisation effort. The specific utilisation rights of
the ISS are defined in the 1998 IGA and the MOUs signed by the Partners. Article
9.1, ofthe 1998 IGA describes the basic principles ofiSS utilisation as follows:
"Utilisation rights are derived from Partner provision of user elements,
infrastructure elements, or both. Any Partner that provides Space Station user
elements shall retain use of those elements, except as otherwise provided in
this paragraph. Partners which provide resources to operate and use the
Space Station, which are derived from their Space Station infrastructure
elements, shall receive in exchange a fixed share of the use of certain user
elements. "
The ISS utilisation rights comprise three different types of allocations of which the
potential commercial user should be aware. These are:
•
•

•

"user accommodations", i.e. the ISS elements available for utilisation and
potential commercialisation;
"utilisation resources", derived from the ISS global infrastructure (e.g. power and
communications), once resources for ISS operations are covered ("housekeeping
resources");
utilisation of crew time.

Russia is a special example, as it will keep its "user accommodation utilisation rights"
and its "utilisation resources" of the Russian module for its own usage. The other
Partners, through bartering, have exchanged utilisation rights among themselves for
their user accommodations and resources (e.g. power and communications). The
complicated crew time sharing between the Partners for the operations and utilisation
of the ISS may impede commercial activity onboard the ISS. As crew time for
utilisation of the ISS facilities is already quite limited, crew time for commercial
utilisation will be even more restricted.
During the early utilisation phase, when only three astronauts will be onboard the ISS,
the US and Russia will share the available crew time equally for ISS utilisation and
operations. During the full exploitation phase, when six astronauts will be onboard the
ISS, Russia will have rights to on-orbit crew time equivalent to three astronauts for
performing systems operations and utilisation activities in its elements. The other
Partners will have to share the time of the remaining three to four astronauts (see
Table 1.1).
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Table 1.1 Utilisation Rights of ISS Partners

ISS
Partner

United
States

Russia

Japan

Utilisation Rights
Utilisation
User Accommodation
Resources

97.7% of the US module
97.7% of the US
accommodation sites for
external payloads.
46.7% ofthe Columbus module
45.7% of the JEM
100% of the Russian
Research modules.
100% of the Russian
accommodation sites for
external payloads
51% ofthe JEM

76.6% ofiSS
utilisation resources

100% ofiS S
utilisation resources
that Russia provides

On-orbit crew
time of the
equivalent of
three astronauts

12. 8% ofiSS
utilisation resources

12.8% of onorbit crew time
of the equivalent
of four
astronauts
8.3% of on-orbit
crew time of the
equivalent of
four astronauts
2.3 % of onorbit crew time
of the equivalent
of four
astronauts

Europe
(ESA)

51% of the Columbus module

8.3% ofiSS
utilisation resources

Canada
(CSA)

2.3% of the ISS user
accommodations provided by
NASA, ESA and Japan

2.3% ofiSS
utilisation resources

..

Crew Time
Allocation *
(6 astronauts)
76.6% of
on-orbit crew
time ofthe
equivalent of
four astronauts

* Compnses crew t1me for operat1ons and utJhsatJon.

Article 9, of the IGA also indicates that the Partners shall have the right to barter or
sell any portion of their respective allocations. This principle is at the core of the
potential commercialisation of the on-orbit governmental assets. However, any
transaction will have to be approved by all the Partners, on a case by case basis. This
may be a source of confrontation and another potential constraint to
commercialisation. Furthermore, due to complex and unclear ISS utilisation rights, a
commercial user should look carefully at what kind of ISS facilities are needed, what
commercialisation incentives are offered by the different Partners2 and what kind of
utilisation constraints exist.

2

See Finance section of Chapter Three.
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The Participation of Non-Partners in ISS Commercialisation
In order for the ISS to reach as many potential commercial users as possible, there is a
need to market the ISS to states that are not signatories to the 1998 IGA and MOUs.
Two different types of participation are anticipated.

The first is governmental participation by a state not signatory to any ISS agreement.
This process is already taking place through the participation of Brazil, through an
agreement reached between the Brazilian government and NASA, in order for Brazil
to fly scientific experiments using NASA resources. ESA also defined among its
potential ISS users a "third party users" category, which comprises either ESA
member states not participating in the ISS program and/or non-ESA member states 3
(ESA, 1998). Therefore, a non-signatory state can initiate bilateral co-operation with
one of the ISS Partners in order to access the ISS.
The second type is participation by a private investor from a state that is not an ISS
Partner. As with any private entity, a company will have to apply through its
respective government or space agency to obtain a license for its future space
activities, and submit a proposal to one or more of the ISS Partner space agencies. The
ISS Partner states are all considering reviewing their policies and legal procedures in
that regard, in order to offer the best competitive advantages. However, this is
currently not a priority for the ISS Partners and it may take some time for these new
policies to be implemented.
A common constraint of both types of participation lies within the ISS co-operation
framework, which requires a political consensus to be reached before allowing any
new user onto the ISS. In other words, where diverging foreign policies could impact
the national commercialisation plans of one or more Partners, a veto option exists. For
example, if China or India were to approach the ISS Partners to fly commercial
experiments, a mandatory consensus would have to be reached, as in the case of
Brazil. The geopolitical environment could have definite consequences on the
outcome of those negotiations and no clear solution exists to mitigate the impact of
national politics upon commercial activity onboard the ISS.
2.1.2 Different Visions of Commercialisation
Given the current political and legal framework, it is evident that ISS
commercialisation was not the initial or primary goal of the Partner states, even
though Article 1 of the 1998 IGA states that the "International Space Station will
enhance the scientific, technological, and commercial use of outer space." However,
there has been a relatively late policy shift of some ISS Partner states towards ISS
commercialisation. This may present problems in the following areas:
•
•
•

National concepts ofiSS commercialisation;
Convincing the taxpayers;
Limited role of commercial users.

3

ESA considers three main categories of users: 1- fundamental and applied researchers from ESA
Member States participating in the ISS exploitation program; 2- Industrial/Commercial Users from
Program participating Member States; 3- "Third party Users" (User's Overview).
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National concepts ofISS commercialisation
There is a wide spectrum of political views on ISS commercialisation between the
different Partners (Logsdon, 1996) (see Table 1.2). Each ISS module is owned by a
Partner state and therefore the space agencies of the different Partner states have both
common and different legal procedures for the commercialisation of their assets. This
fragmentation of interests will present difficulties in defining a clear and common
commercial vision for the ISS, and will confuse potential commercial users.
Table 1.2 The Partners' Views on ISS Commercialisation
ISS
Partners
United
States

Views on ISS Commercialisation

-

Russia

-

Europe
(ESA)
Japan

-

-

Canada

-

The ISS will enable the creation of new commercial enterprises that
can use the environment, technologies, and research applications of
space to build profit-based private businesses (NASA, 1998).
Private sector should take over, in time, as many ISS assets as
possible (utilisation and operations, as _yet not defined) . 4
Has already some genuine experience at commercialising the assets
of space station Mir (Eddy, 1999).
Encourages commercial ventures with fast return on investment
activities.
Presently more focused on scientific and technological utilisation of
the ISS.
In the process of expanding opportunities for private sector on the
ISS.
More industrially oriented than revenue oriented (Eddy, 1999).
Commercialisation of Canadian assets to offset operation costs
(CSA, 1999).

The Partner states have yet to clearly define the best manner in which to
commercialise their ISS assets and to achieve a co-ordinated commercialisation plan
that avoids duplicity. Most Partner space agencies are currently more focused on
finding ways to utilise the ISS in order to justify their participation to the public, in
such an expensive project, rather than focussing on commercialising the ISS (see
Table 1.3).

4

"Nothing would please me more than if commercial demand for Station accommodations reached 40,
50 or even 80 percent. Sound surprising? Let me assure you NASA would be happy to be a minority
tenant in this facility." (Gold.in, 1999)
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Table 1.3 Planned Commercialisation of ISS Assets by Each Partner
ISS
Partner
United
States
Russia
Japan

Commercialised
Assets
30% of allocated NASA
"user accommodations"
No official plan yet.
No official plan yet.

Europe
(ESA)

No official plan yet.

Canada
(CSA)

50% of allocated CSA
"user accommodations"

Steps taken to Encourage
Commercial Utilisation
NASA Commercial Development Plan
for the ISS (November 16, 1998).
N/A
NASDA 'Pilot Applied Research
Project' (April 1999), which should
allocate a percentage of Japanese
assets on the ISS to commercial users.
Preparation of an overall ESA ISS
Exploitation Program for the period
2000-2013, as an optional program,
that might include commercialisation
(ESA, 1999).
Opening of the ISS User Centre at
Noordwijk (June 28, 1999), to enable
scientists, engmeers and business
planners to obtain information on
access and use ofthe ISS.
Canadian Space Station Program
(CSSP), with objective to generate
socio-economic benefits (CSA, 1999).

N/A - not applicable

Convincing the Taxpayers
There is an ethical debate of having the ISS, funded by taxpayers, available to profitmaking companies. This debate may intensify in the future as governments attempt to
justify ISS commercialisation to the public and to the scientific community.
Commercialisation of the ISS requires that socio-economic justifications be provided
for the exploitation of the ISS by the private sector.
Making the ISS a platform for commercial ventures may increase the number and the
type of industries involved in space business. The increased familiarity of all
industries with space activities might boost the interest of non-space industries
towards space applications and space-based business. This will eventually lead to a
growing demand for space services and economies of scale (for example, the more
that is produced of an item, the cheaper, per unit, it becomes to produce the item).
Furthermore, the US Congress has declared that a priority goal of constructing the ISS
is the economic development of Earth orbital space (US Congress, 1998). The use of
free market principles in operating, servicing, allocating, adding capabilities to the
ISS and the fullest possible engagement of commercial providers and users will
reduce ISS operational costs for all Partners.
Regarding the social benefits ofthe ISS, non-space industry dealing with the complex
world of space activities will gain knowledge about new production and management
methods that could help streamline their core business. However, it is difficult to
evaluate the extent of these benefits in a quantitative manner because the social effects
of a commercial project are generally indirect and take a long time to manifest.
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Additionally, it is necessary for companies to understand the areas of technology
transfer that are available through spin-offs and spin-ins. This will enable the nonspace sector to recognise areas of potential commercial interest, thereby increasing the
commercial potential of the ISS. It is stressed here that the technology transfer
programs of each Partner should be strengthened in conjunction with national
management bodies. For example, in the US, NASA technology transfer offices need
to collaborate closely with the NASA planned NGO. This synergistic effort will serve
to enhance the outreach of the commercial potential of the ISS.
Limited Role of Commercial Users
Another constraint applicable to ISS commercialisation is the lack of lobbying power
on the part of commercial users. This is due to factors such as the small percentage of
commercial users compared with the total ISS user community, as well as political
and management factors. The conservative approach of most Partner space agencies
to commercialisation is often used by some private companies as an explanation for
their exclusion from space activities (Force, 1999). Whatever the main reason, there is
a danger that potential commercial customers of the ISS get a limited role in the
decision making concerning ISS commercialisation. Some argue that those same
companies are only looking for excuses not to get too involved in the ISS, because
they are not sure themselves of the profitability of the venture (Bombled, 1999).

However, a fact that no mention is made in the 1998 IGA of the agreed procedures to
commercialise the ISS. This situation puts the future commercial user community in a
minority position from the start. Many commercialisation issues need to be discussed
among the Partners, such as a common pricing policy for ISS accommodations,
resources and crew time5 . This could be a severe constraint to commercialisation, as
few companies would invest in activities onboard the ISS without knowing the actual
cost of their venture. On the other hand, some private investors may feel that this
situation will give them a certain freedom to "shop around" for the cheapest access to
the ISS (Cassanto, 1999). However, their global lobbying weight will still remain
quite limited.
Ironically, it is only if substantial commercial use of the ISS occurs within the next
few years, with an increasing number of companies getting involved, will commercial
users gain more political leverage, as a group, to improve the process of
commercialisation. This complex multinational framework, of different Partners,
different modules, with different policies and legislation, and different visions of
commercialisation, forms a set of important constraints to commercialisation of the
ISS. There are other political risks that can also become barriers to ISS commercial
utilisation, and these are discussed in the following section.

2.2 Political Risks
The successful development of the ISS program has always had an associated political
risk ever since the proposal of Space Station Freedom by the US President, Ronald
Reagan, in 1984. Additionally, the risk of having a Partner pull out of the ISS would
be a significant barrier to any potential commercial activity on the ISS and, more
importantly, to the existence of the ISS itself. The political implications of the use of
5

See Chapter Three
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sensitive technology onboard the ISS also poses a risk to potential commercial users.
These various political risks will be discussed below.
2.2.1 Relations Between the US and the Other Partners
Considering the particular political and economical relations between the US, Canada
and Japan, this document assumes that major diplomatic confrontations concerning
the ISS can be avoided. But this might not be the case for the other Partners: Russia
and Europe. This section discusses the risk associated with ISS commercialisation,
due to fluctuations in political relations between the US and Russia, and between the
US and Europe.
2.2.2 US-Russia Relations
Both the US and Russia have critical roles in the commercialisation of the ISS. The
tensions between these two states could endanger some of the commercial plans for
the ISS. Currently, and in the past, tensions between these two countries, which might
affect ISS commercialisation, can be divided into two categories.
Firstly, both Russia and the US have critical roles in ISS implementation, such as
providing some ofthe vital elements and support (such as transportation to the ISS).
Therefore, any difficulties due to internal politics or delays, occurring in Russia or the
US, may have an effect on the whole ISS configuration. For instance, the delay in the
delivery of the service module by Russia, and Russia's current economic situation,
have been a cause of concern in the US and a reason to officially put into question the
role ofRussia in the project (Shaki, 1999). Delays in the US could also have negative
effects on the ISS, as well as the annual political uncertainty concerning the funding
ofthe ISS (for example, NASA's annual budget).
In addition, other foreign policy considerations, such as the Balkan situation or nonproliferation issues (such as illegal technology transfer), can also contribute to a tense
US-Russian situation. The reciprocal distrust ofthe two Partners may affect the entire
ISS program. For instance, the need to communicate about problems that might occur
onboard the ISS, such as emergency plans, is essentiaL The two countries are
currently still co-operating, but political tensions are increasing.
In a pessimistic scenario, not only could ISS commercialisation be compromised, but
also the existence of the ISS itself The US is looking at contingency plans if Russia is
unable to fulfil its responsibilities for ISS completion (US Congress, 1999). The full
implications of a scenario, where either the US or Russia deliberately stops its
involvement in the ISS, are not yet well taken into account by the Partners. If Russia
were to pull out because of strained relations with the US, or lack of funding, or
likewise if the US Congress, in reaction to ISS delays, drastically reduced NASA's
budget, the entire project could collapse.
In this regard, it is important that a positive dialogue be maintained between the two
countries. Indeed, the experience of Russia in long-duration human space flight and
space station operations could prove invaluable for the ISS assembly, operations and
potential commercialisation. National politics may therefore have important impacts
on the future of the ISS. The benefits of co-operation, such as sharing of cost and
expertise, should not be discarded.
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2.2.3 US-Europe Relations
Europe and the US have sometimes had a strained relationship, including
collaboration and competition at the same time, notably in the aerospace sector. This
situation is not likely to disappear in the near future and could affect the
commercialisation of the ISS.
In the ISS undertaking, the US and Europe play major roles and given the current
political environment, their mutual understanding is crucial to the smooth transition
from the early utilisation phase to a phase including commercialisation. However,
conflicting interests, such as increasing competition in the space sector (with respect
to launchers and GPS 6 , for example) might lead to commercial disputes. Should such
a risky situation arise, it will probably discourage potential commercial users from
investing in the ISS.
Another difficulty lies in the number of actors involved, regarding the European
Partners in the ISS co-operation framework. ESA does not represent a single national
interest in the utilisation plans of the ISS, but 11 national interests. For instance, some
European governments, including France, openly criticise human space flight activity
(Lebeau, 1997) while others, such as Germany, try to promote the commercial
attractiveness ofthe ISS (DeSelding, 1999).
Therefore, as in the US-Russia case, continuous dialog between the different Partners
in Europe and the US should be encouraged to avoid a confrontation that could render
useless the commercialisation efforts of those countries. In summary, even though it is
in the best interest of all ISS Partners to co-operate, geopolitical or international
economic tensions between the Partner countries could become harsh constraints to
commercialisation of the ISS. Stating some clear common political interests and
objectives, agreed upon by the Partners, concerning possible involvement of
commercial users on the ISS would be an appropriate solution to mitigate the risk of
confrontation.

2.2.4 Commercialisation and Technology
Any international venture dealing with high-technology issues implies political and
strategic considerations. The ISS agreements formulate a legal regime for sharing
technical information between the Partners, but in the event of commercialisation,
private entities would be involved and any leak of sensitive technical information
would have serious political implications. This section discusses the impacts of the
Partners' different political views on technology transfer and dual-use technology.
2.2.5 Technology Transfer
An unauthorised technology transfer will have implications on the security (such as
non-proliferation issues) and the competitiveness (such as a loss of technological
advantage) of many countries. The political tensions that would arise when
technology transfers are realised bilaterally would apply to the ISS especially in the
case of commercially oriented high-technology activities realised onboard the Space
Station.

6

Global Positioning System (GPS)
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In effect, Article 19, ofthe 1998 IGA indicates that there is an obligation upon each
ISS Partner to transfer technical data and goods, which are considered necessary to
fulfil the ISS operations, and to apply their "best efforts" to handle requests for this
transfer quickly. However, in the case of private entities being made aware of the
different Partners' technologies, it might be difficult to control the transfer of
information. This type of situation may bring a climate of suspicion between the ISS
Partners' governments and the commercial users. Already, the US government has
had large reservations about technology transfer to other states (such as China) and
might very well consider the risk associated with certain private commercial users '
involvement on the ISS too high (Mallet, 1999).
2.2.6 Dual-Use Technology
The space industry deals with many different types of technology that might be used
either for civil or military purposes. Satellite technologies, for instance, are at the core
of the global civil communication network (telephony and television broadcasting) of
an increasing number of countries, but the same basic techniques are also used for
military applications (Johnson-Freese, 1999).

Therefore, the multiplication of dual-use technologies creates new potential political
risks for ISS commercialisation. If any of the Partners or one of their sponsored
commercial users was to use the ISS for military research, it would cause a diplomatic
incident and put into question the entire process of ISS commercialisation. Indeed,
Article 1 of the 1998 IGA clearly states that the Partners agreed to participate on the:

"detailed design, development, operation, and utilisation of a permanently
inhabited civil International Space Station for peaceful purposes, in
accordance with international law ".
Although the ISS is a civil space station, there is no guarantee that military advantages
could not be gained from commercial and civil experiments conducted onboard the
ISS. Every state is sovereign, therefore one Partner could decide to denounce the
nature of a dual activity of another Partner and thereby propagate an international
incident. The actual agreements are not providing enough guaranties to avoid the risk
of political confrontation concerning technology transfer and dual-use technology
issues on the ISS. A policy of 'transparency' for the commercial activities on the ISS
should be drafted and agreed upon by all the actors involved in the possible
commercialisation of ISS assets. That policy will be a compromise between the
commercial users' needs for secrecy (such as intellectual property issues) and the
political need of the Partners to show their good faith concerning technology transfer
and dual-use technology issues concerning the ISS.
In summary, this policy section concludes that the internal politics of the ISS Partners
constitute fundamental political constraints to the commercialisation of the ISS. For
instance, the following points could become sources of conflict and have negative
impacts on the ISS co-operation framework as a whole:
•
•
•
•

Internal decision making processes of the Partners (e.g. space agency budgets);
Conflicting foreign policies;
Sharing of scarce common resources (e.g. power, communications) and crew time;
Basic operations (e.g. transport, ground control).
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No easy solutions exist to avoid these political risks. The ISS is a multinational
venture, where each Partner can exercise its sovereignty anytime it wishes, even to the
extent of pulling out of the entire project. Only political good will on the part of each
Partner, and clearer agreements between the Partners, can mitigate the risk of
confrontation. It is in the best interest of all those involved to continue co-operation,
including co-operation within commercialisation efforts, because it is the only
possibility that will allow for successful commercialisation of even a portion of the
ISS.
3

Legal Issues

Commercial activity on the ISS will only become a realistic possibility following the
implementation of an appropriate legal framework. The following section will discuss
the key legal issues that impose constraints upon potential commercial activity on the
ISS.
3.1 Commercialisation of the ISS Under International Law
The legality and permissibility of commercial activity onboard the ISS needs to be
considered, not only within the concept of commerce, but also in accordance with the
current international space law regime, to which the 1998 IGA is subject. This regime
is made up of a number of treaties, referred to in both the preamble and Article 2
(paragraph 1) ofthe 1998 IGA, which include the:
•

•
•
•

Treaty on Principles Governing the Activities of States in the Exploration and Use
of Outer Space, including the Moon and other Celestial Bodies, of 1967 ('Outer
Space Treaty' hereinafter);
Agreement on the Rescue of Astronauts, the Return of Astronauts and the Return
of Objects launched into Outer Space, of 1968 ('Rescue Agreement' hereinafter);
Convention on International Liability for Damage caused by Space Objects, of
1972 ('Liability Convention' hereinafter);
Convention on Registration of Objects launched into Outer Space, of 1976
('Registration Convention' hereinafter).

This section will examine, analyse and recommend international law, which will
influence commercial activity onboard the ISS. This will enable the promotion of
common interests between the ISS Partners and the chance for national and
international private enterprises to become active in the commercial utilisation of the
ISS (Lafferenderie, 1997). It has been contended that international law, including
international treaties, is of particular significance to commercial activity in space on
account of the basic international framework established by the Outer Space Treaty
(Cheng, 1997). From this point of view, the most relevant provision is in Article VI,
which provides that:

"state parties to the treaty shall bear international responsibility for national
activities in outer space, including the moon and other celestial bodies,
whether such activities are carried out by governmental agencies or by nongovernmental entities, andfor assuring that national activities are carried out
in conformity with the provisions set forth in the present treaty. The activities
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of non-governmental entities in outer space, including the moon and other
celestial bodies, shall require authorization and continuing supervision by the
appropriate state party to the treaty. When activities are carried on in outer
space, including the moon and other celestial bodies, by an international
organization, responsibility for compliance with this treaty shall be borne both
by the international organization and by the states parties to the treaty
participating in such organization".
Unlike in any other field of commercial activity, Article VI of the Outer Space Treaty
states that all national commercial activities in outer space are to be treated as
activities of the state, for which the state bears direct responsibility (Cheng, 1989).
This means that contracting states have a critical interest in regulating, controlling and
supervising private national space activities, to ensure that these activities conform to
their obligations under the Outer Space Treaty, international law and the Charter of
the United Nations.7
Today, there is a general consensus among states that the treaties, which constitute the
fundamentals of international space law, permit the undertaking of commercial
activities. However, this basic framework of international space law does not provide
adequate regulation when commercial aspects are considered (Van-Traa-Engelman,
1993). It has been stated that:

"in comparison to the many legal questions appearing in connection with
commercial space activities of private enterprises, these in general as well as
the specific law rules are in no way sufficient to provide a safe and legal basis
andjrameworkjor such activities" (Boecksteigel, 1983)
Cheng has stressed the need for new treaties in connection with the commercial
development of outer space (Cheng, 1991 ). Realising that there are inadequacies to be
addressed and that space law should be updated and modernised under the new
international circumstances, there is an urgent need to redefine certain terms and
concepts used in outer space law(Cheng, 1991). These terms and concepts include the
honouring of international legal obligations; safeguarding of safety, security,
environment infra-structure and compliance with standardised licensing requirements;
the liability for damage as a result of private launchings; intellectual property rights;
the status of space objects; and the jurisdiction over space objects. All those involved
or interested in ISS utilisation for commercial activity need to be aware of the relevant
rules of international space law, including the pertinent treaties. Therefore, this
chapter will analyse and propose solutions to the legal problems that need to be
addressed before commercialising the ISS can become a reality.

3.2 Modernising and Updating the Law
In attempting to modernise and update the law, it is pertinent to note that the question
has arisen in the past as to whether the laws should be established to (a) prevent the
occurrence of problems or (b) respond to circumstances only after the problems have
occurred (US Congress, 1986). Although both scenarios have advantages and
disadvantages, the current legal uncertainty may decrease private sector investment
7

See Article III of the Outer Space treaty, which requires all States Parties to cany on Space activities
"in accordance with international law, including the Charter of the United Nations"
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onboard the ISS and will offer limited guidance to courts to resolve ISS related cases.
Therefore, the subsequent sections of this chapter will seek to suggest viable
solutions.
3.2.1 Clarification of Space Objects
From the standpoint of commercial development and utilisation of the ISS, there is an
urgent need to clarify the status of space objects, which is explained further below. In
addition, a number of points arising from Article VI of the Outer Space Treaty, such
as liability and registration, must be elaborated. The need for clarification cannot be
underestimated, as stated by F.K. Nielsen, the US Commissioner on the Mexican-US
General Claims Commission (1923), that

"An inaccurate use of terminology may sometimes be of but little importance,
and discussion of it be merely a quibble. But accuracy of expression becomes
important when it appears that inaccuracy is due to a confusion of thought in
the understanding or application ofproper rules or principles of law. "8
3.2.2 Status of Space Objects, Jurisdiction and Conflict of Laws
A term requiring clarification is 'space objects', as well as related expressions.
Current treaties describe, without much discrimination, "space vehicles",
"spacecraft", "space objects", "man-made objects", "objects launched into outer
space", "satellites", "artificial satellites", "manned and unmanned stations",
"elements", "component parts", "launch vehicles", and so forth.
Article 6 of the 1998 IGA referred to space objects as "elements, equipment and
material". It also refers to the terms "launch vehicle" and "payload". Unless these and
related terms are immediately defined and their usage standardised, much confusion
will arise: it will be difficult for both the regulators to regulate and for those who have
to comply with the regulations to comply. The matter is further complicated by the
fact that, since territorial sovereignty has been banned from outer space, 9 and with it
territorial jurisdiction, the overriding jurisdiction in outer space is now quasiterritorial. Article 5 (Paragraph 1) of the 1998 IGA provides that:

"In accordance with Article II of the Registration Convention, each Partner
shall register as space objects the flight elements listed in the Annex which it
provides".
and in Paragraph 2 the 1998 IGA states that:

"pursuant to Article VIII of the Outer Space Treaty and Article II of the
Registration Convention, each Partner shall retain jurisdiction and control
over elements it registers in accordance with paragraph 1 and over personnel
in or on the Space Station who are its nationals".

8

US-Mexican General Claims Commission (1923) International Fisheries Company Case (1931) ,
Opinions of Commissioners (1931) page 207, at page 265-266
9
Article II Outer Space Treaty 1967: "Outer space, including the moon and the celestial bodies, is not
subject to national appropriation by claim of sovereignty, by means of use or occupation, or by any
other means'.
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Assuming that "space object" is the most comprehensive term which includes
elements, equipment, materials, launch vehicles and payloads, when do the above
begin and cease to qualify as a space object? Similarly, what is the interrelationship
between registration, ownership, liability and jurisdiction over ISS flight elements and
equipment, with regard to debris? Can space objects become res derelicta (abandoned
property) through the ISS Partner state of registry, formally de-registering them if
they are registered objects? Can such abandonment and de-registration have any effect
on the launching states' liability?
As a potential solution, one could encourage prompt registration and at the same time
help solve the quandary over ownership of disused space objects. The latter point
could be achieved by declaring that all objects, which have not been registered with
the United Nations within a certain amount of time, are in violation of international
law. These objects could consequently be disposed of by anyone, without prejudice to
the launching states' liability for any damage that such objects may cause to third
parties. Whether this proposition is accepted or not, the status of a "space object"
urgently needs to be clearly defined. Clarification of when a space object needs to be
registered, and endowed with nationality, should be of practical importance to all
those involved in commercial development of the ISS. The current situation leaves a
great deal of uncertainty in the regulatory regime, which can present unnecessary risks
to those concerned.
3.2.3 Conflict of Laws
Current international law and the 1998 IGA do not attempt to instruct courts as to
which body (or bodies) of law should be applied to cases and controversies arising
from commercial activities on the ISS. It is important for firms to know in advance
which national laws would apply. This is the practice in standard business contracts,
in which the applicable laws are always clearly stated. In the case of a dispute, the
firm has a clear understanding of the laws with which it will be dealing (US Congress,
1986). Article 16 ofthe 1998 IGA establishes:
"A cross-waiver of liability by the Partner states and related entities in the
interest of encouraging participation in the exploration, exploitation, and use
of outer space through the Space Station. This cross waiver of liability shall be
broadly construed to achieve this objective. "
This state of affairs has been described as a "no law" situation, which is only feasible
if the risks involved were the property ofthe ISS Partners alone. However, as soon as
the law of interpersonal relations is considered (such as torts, wills and estates and
workmen' s compensation), which is crucial to commercial utilisation, one needs a
much more sophisticated legal regime.
In light of this inadequacy, many solutions to the 'conflict of laws' question have been
identified. One could apply:
•
•
•
•
•

The law of the state of registry;
The law of the forum where the plaintiff brings the case;
The law of the plaintiffs nationality;
The law of the defendant's nationality;
Principles of law, common to both jurisdictions.
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In addition to identifying particular 'conflict of law rules', the following range of
methods for securing their acceptance by the appropriate parties may be considered:
•
•

•

Private or quasi-private contracts, where these allow the relevant parties to design
rules to govern specific activities and technologies;
Arbitration, whether specified in private contracts or expressed more generally in
international rules, such as under the International Chamber of Commerce or the
United Nations Committee on International Trade Law (UNCITRAL);
Treaties or other international agreements, where nations can attempt to determine
in advance whose laws would apply to specific situations by negotiating formal
multinational agreements.

A regime allowing private or quasi-private contracts could be a short-term solution. If
a company were to use the Japanese or the US user accommodations onboard the ISS,
then this private entity would sign a contract with the respective national space
agencies of those states, taking into consideration a number of issues, described
below, such as liability and licensing.
In reference to liability issues, it is necessary to clarify the operation of Article VI of
the Outer Space Treaty, which, as stated earlier, makes the contracting states
internationally responsible for national activities in outer space. Differences of
opinion have arisen over the interpretation of whose activities, apart from those
carried out by a state's own agency, constitute 'national activities' and consequently
require 'authorisation and continuing supervision' in accordance with Article VI
(Bittingler, 1987; Tatsuzawa, 1988). International agreement is necessary in order to
clarify and unify the notion of 'national activities' and who is ' the appropriate state'
responsible for authorisation and continued supervision (Article VI of the Outer Space
Treaty, under Article 5, paragraph 2 ofthe 1998 IGA). Ifthis does not occur, it will be
confusing and risky for those who wish to engage in commercial development on the
ISS.
From the standpoint of commercial utilisation of the ISS, it would be desirable if there
was only one state and one authority involved in the licensing process of bringing
commercial activity onboard the Station. The Liability Convention renders all states
involved in the launch of a space object liable for damage, and therefore it would be
in the interest of any state to have control of the licensing activities. It has been
contended that since responsibility is closely related to control, all states having
jurisdiction should be held internationally responsible, although the only state to be
held actually responsible should be the state exercising the overriding jurisdiction.
However, under Article VI of the Outer Space Treaty there is not only one
'appropriate state' but several ' appropriate states' that have an interest in subjecting a
given space activity to authorisation and continuing supervision.
From the standpoint ofthose concerned with the commercial development of the ISS,
the whole process of getting involved is complicated, cumbersome and highly
unsatisfactory, as authorisation may have to be obtained from more than one state.
Furthermore, a possible way of improving this situation for the private investors and
governments involved would be to come to some agreement, whereby at least
administratively, the licensing or authorisation process can be handled through a
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single state. This would improve upon the current situation, where Article 9
(paragraph 3a) of the IGA, states that:

"Any proposed use of a user element by a non-Partner or private entity, under
the jurisdiction of a non-Partner, shall require the prior notification to and
timely consensus among all the Partners through their co-operating
. "
agenczes.
A relevant precedent is Article 83bis of the 1984 Chicago Convention on International
Civil Aviation. Member states of the International Civil Aviation Organization
(ICAO) are allowed, by agreement, to transfer certain functions and duties to other
member states when one of their aircraft has been leased, chartered or interchanged to
an operator of the latter.

3.2.4 Risk and Insurance
In addition to discussing liability issues, it is also necessary to consider quality control
in the production of space objects and product liability. The willingness to commit
large financial resources to high risk commercial endeavours, such as the ISS,
depends on the ability to predict, limit and insure against civil liability, which can
result from product failure or from negligence in the performance of services
(Lafferenderie, 1997). For these reasons, it is important to understand the potential for
civil liability associated with commercial space ventures, and to know how it can be
limited or eliminated.
Traditionally, any person or entity which provides a service negligently or which
participates, even in a limited way, in placing a defective product into the stream of
commerce is exposed to civil liability for damages which result from the services
negligently performed, or from the product defect. The potential liability extends to
anyone in the distributive chain, including those who design, manufacture, test,
distribute, sell or lease products for an organisation, private or governmental,
participating in a commercially oriented activity on the ISS. It is only logical that
private industry would be inclined to resort to insurance cover in order to minimise
risk factors in a high-risk entrepreneurial activity, such as commercialising the ISS. It
is necessary to consider taking up liability insurance to cover legal obligations
stemming from third-party liability. The provisions of international law are of direct
significance. Under Article VII of the Liability Convention, parties to all the
international treaties are liable to third parties for damages caused by a space object
when such a party is a launching state. Article I of the Liability Convention provides
the meaning of ' damage' :

"loss of life, personnel injury for other impairment of health; or loss of or
damage to property of states or ofpersons, natural or juridical, or property of
international intergovernmental organizations".
The term 'damage' defined in Article 16, paragraph 2 (c) ofthe 1998 IGA extends the
scope further to include:

"loss of revenue or profits; or other direct, indirect or consequential
damage."
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The provisions of Article VII exempt launching states from the Liability Convention
in the event of damage inflicted to nationals of that launching state. This article
applies a basic principle of international law that considers the regulation between a
state and its nationals as a prerogative of the state. The same exemption applies, under
certain circumstances to participating foreign nationals (Van-Traa-Engelman, 1993).
The procedure used by the ISS Partners to limit their liability, and the liability of their
'related
entities',
' employees',
' users',
'customers',
'contractors'
and
' subcontractors', is by way of the cross-waiver provisions in Article 16 of the 1998
IGA. The cross-waiver provisions apply to third party liability as well as product
liability arising from ' protected space operations' . Article 16 paragraph 3 (a) of the
1998 IGA provides that:

"this cross-waiver shall apply only if the person, entity, or property, causing
the damage is involved in Protected Space Operations and the person, entity,
or property damaged is damaged by virtue of its involvement in Protected
Space Operations".
The term "Protected Space Operations" has been defined in Article 16, paragraph 2 (f)
to mean:

"all launch vehicle activities, Space Station activities, and payload activities
on Earth, in outer space, or in transit between Earth and outer space in
implementation of this agreement, the MOUs, and implementing
arrangements. It includes, but is not limited to: research, design, development,
test, manufacture, assembly, integration, operation, or use of launch or
transfer vehicles, the Space Station, or a payload, as well as related support
equipment and facilities and services; and all activities related to ground
support, test, training, simulation, or guidance and control equipment and
related facilities or services. "
In light of the provisions above, and the earlier argument that all parties who
contribute to placing a defective product on the market are jointly and severally liable,
commercial users of the ISS would need to take out insurance coverage for product
liability. This is because Article 16, paragraph 3 (d) specifically excludes the
application of cross-waivers to:

"claims between a Partner state and its related entity or between its own
related entities; claims made by a natural person, his/her estate, survivors or
subrogees (except when a subrogee is a Partner state) for bodily injury to, or
other impairment of health of or death of such natural person; claims for
damage caused by willful misconduct; intellectual property claims; claims for
damage resulting from a failure of a Partner state to extend the cross-waiver
of liability to its related entities. "
There is a further exception to the second point, above, for the Government of Japan
stated in Article 16, paragraph 3 (e). The problem is that product liability is not
specifically regulated by international space, as has been the case with third-party
liability. Furthermore, the concept of product liability differs from one national law to
another. The Hague Convention of 1972, which has not yet obtained worldwide
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support, is the main statute in force today. It proceeds from the principle of
applicability of private international law of each country, leaving product liability to
be regulated solely by national law. In order to encourage ISS commercialisation, the
current procedures employed in aviation cases should be studied carefully. They may
help to indicate the outcome of future cases involving space products.
3.2.5 Intellectual Property Rights
The exploitation of outer space, in general, and the ISS in particular, poses a number
of uncertainties for commercial users. The most significant rights in the context of
research, development and manufacturing on the ISS are intellectual property rights
(IPRs) resulting from activities in space. Hence, one of the most delicate legal matters
to be dealt with for utilisation of the ISS is the protection of IPRs. The scope and
extent of commercial utilisation of the ISS will, to a great extent, depend on the
adequate protection ofiPRs.
Legal Framework for Intellectual Property Under the IGA
Considering the provisions of Article II and Article VIII of the Outer Space Treaty,
the ISS Partners prefer to apply their domestic laws and regulations to their respective
ISS contributions and personnel. The 1998 IGA does not constitute a homogeneous
set of rules dealing with protection of IPRs, but rather tries to establish the necessary
link between the modules and personnel of the Partners to their respective territories.
Article 21 of the 1998 IGA states that:
"an activity occurring in or on a Space Station flight element shall be deemed
to have occurred only in the territory of the Partner state of that element
registry, except that for £SA- registered elements any European Partner State
may deem that the activity occurred within its territory. "

Therefore, the 1998 IGA is generally aimed at recognising the jurisdiction of the
Partner states' courts, which consequently allows the application of substantive
national law. Due to these provisions, the national laws of the Partner states governing
intellectual property become relevant for activities on the ISS. Article 21 (paragraph
2) of the 1998 IGA establishes a legal quagmire regarding the eleven European
Partner States (EPS), which are deemed to be located on a single territory, subject to
one set of regulations.
In order to implement the 1998 IGA, the EPS will have to establish IPR provisions (at
the national level), which are not only compatible with those established in the other
EPS, but also with the needs expressed in the I GA. This process could be described as
a standardisation of legal texts (Balsano, 1994). As a result of the EPS being
composed of 11 member nations, specific rules would apply, as provided in Article 21
(paragraph 4) which states that:
"judicial procedures with regard to a patent infringement case shall not take
place in more than one European Partner State 's court and in case of multiple
actions in different states, a court may grant a temporary stay ofproceedings
in a later filed action pending the outcome of an earlier filed action and
secondly that recognition shall be granted in all European Partner States to a
license if the latter is enforceable under the laws of any EPS. "
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The 1998 IGA contains prov1s1ons that protect the Partners from adverse legal
consequences. For example, an inventor can be prevented from filing a patent
application in one particular country due to the laws of a Partner state protecting the
secrecy of invention. These provisions are not conclusive on the legal mechanism of
protecting IPRs. IPRs will also be protected through a Code of Conduct for the ISS
crew, to be developed by all of the Partners in accordance with Article 11 of the 1998
IGA and the relevant Articles of the MOUs. Article 8.4 of the MOU between ESA
and NASA provides that:

"In order to protect the intellectual property of Space Station users,
procedures covering all personnel, including Space Station crew, who have
access to data will be developed .. "
Finally, Article 19.9 ofthe 1998 IGA enjoins the Partners, through their co-operating
agencies, to establish guidelines for security of information, which is of primary
concern in the exchange of data and goods. Furthermore, the hierarchy of ISS
agreements calls for the drafting of implementing arrangements, which are subject to
theMOUs.
One of these implementing arrangements is the Charter of the Space Station System
Operations Panel (SOP) and User Operations Panel (UOP) which was approved by
the Space Station Multilateral Co-ordination Board (MCB), in October 1991. This
arrangement states that the UOP has the responsibility to develop procedures to
protect the intellectual property of ISS users and to submit them to the MCB for
approval.
IPRs raise a number of important legal issues with regard to commercial space
activities. These issues, such as ownership of intellectual property, infringement of
IPRs, sharing of IPRs, protection of data and transfer of IPRs have to be addressed
before any commercial activity takes place onboard the ISS.
Intellectual property under Article 21 of the 1998 IGA has the same meaning that is
expressed in Article 2 ofthe Convention establishing the World Intellectual Property
Organisation (WIPO). An IPR is the right to forbid third party exploitation, or to
allow the exploitation by license on terms dictated by the registered IPR owner or
his/her designated successor. The filed instruments, such as the claims of a patent,
define the scope of IPR protection. The geographical scope of the protection is that of
the territory of the state which has registered the IPR.
In addition, the IPR has a limited lifetime, for example twenty years after the filing
date for patents. Furthermore, intellectual property has a dual nature of being both
national and international. Patent protection is national, in that patent rights are
entirely territorial. Patent applications have to be filed in the national office of the
country in which protection is desired. Granted patents provide exclusive rights only
within the territory of the country in which they are granted. A patent that is granted
in one country has no effect in another country.
However, in certain instances, patent protection is international. A patent may not be
granted on an invention which had been previously disclosed (perhaps by publication)
anywhere in the world. Moreover, a single patent application filed in one country may
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obtain patents in many countries under certain international treaties and conventions.
This dual nature of patent protection, simultaneously national and international, is
nowhere more apparent than in the area of protection of inventions made or used in
outer space.
Essentially, there are two major systems for the protection of IPRs world-wide. These
are 'first to file' and 'first to invent' . In a 'first-to-file ' patent system, the invention
belongs to the first inventor who files a patent application, irrespective of the time or
place of invention. Thus it appears that the time and place of inventive activity in
outer space will have no significance for a 'first-to-file' patent application. Due to the
irrelevance of the time and place of invention, inventive activity that occurs onboard
the ISS, will have the same effect as that on the ground in a joint research laboratory,
for instance.
The place of invention becomes relevant where the patent law of a country provides
that, for certain types of inventions e.g. inventions relating to weapons or other
technologies having a direct bearing on national security, the first patent application
must be filed in the country where the invention was made. The purpose of this
provision is allowing a security clearance of the invention before it is published or
filed in foreign countries.
Countries that have a 'first-to-file' system typically apply the principle of absolute
novelty: meaning that any public use or disclosure of the invention, oral or written,
anywhere in the world is a bar to obtaining a patent. This is true even when the use is
for experimental purposes. Furthermore, in many 'first-to-file' countries, a public
disclosure at any time before the date of filing will bar the patent. Thus, the question
of whether and when the commercial use of technology on the ISS, which rests under
the jurisdiction of several states, becomes public domain is very important.
Under the 'first-to-invent' system, which differs from the 'first-to-file' system in
several ways, the time and place of invention become critical. The time of invention is
important for two reasons. Firstly, where two or more independent inventors compete
for entitlement to a patent on the invention, the person entitled to a patent will be the
inventor who can prove the earliest date of invention. Secondly, a patent will be
invalid if the invention was performed by another person who had not abandoned it.
Thus, the inventor must be prepared to show evidence of an earlier date of invention.
The basic philosophy behind the patent laws of the US and the other Partner states
may not be easily reconcilable in light of the two systems for protecting IPRs.
However, it is not always easy to exactly determine the time at which an invention
was created. An act of invention is made up of two parts: (1) the complete idea of how
to solve a problem; and (2) the building of a working model that actually carries out
the solution. The invention date will be either:
•
•
•
•

the date of actual creation of a working model;
the date of conceiving the complete idea;
the filing date of the patent application;
the date of a foreign application whose pnonty is claimed under the Paris
Convention for the Protection oflndustrial Property (March 20, 1883).
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Standard rules of national law will be applied to determine the date of those
inventions within the territory of that particular country. However, particular
questions may arise for inventions made in space. For example, there may not be the
presumption that a space experiment, designed and tested successfully on the ground,
will work exactly as expected in space. If an experiment does work as expected in
space, is the invention made in space, or was it a completed invention when it was
successfully tested on the ground? What about an invention for which a principle is
tested or discovered in space, but is only refined later on the ground (Tramposch,
1994)?
The patent potential of any invention is partly determined by comparing the invention
to the prior art, where ' prior art' refers to the state of technology as it existed before
the invention was made or the patent application was filed. Technology used onboard
the ISS determines the effect that such use will have on later patent applications filed
by the user of the technology or by competitors. Activities carried out onboard the ISS
will become part of the state of the art, or 'prior art', in the field of space technology.
The rules for determining the content of the prior art apply in both the ' first-to-file'
and the ' first-to-invent' systems, with some similarities and some differences. The
prior art in both systems may include public disclosures of information relating to the
technology, as well as public or commercial use of the technology. In determining the
time at which a use of technology becomes effective as prior art, the date of filing the
patent application is typically used as a benchmark in the 'first-to-file' system while,
in the ' first-to-invent' system, the date of creation of the invention is used as the
benchmark. These standard rules for determining the state of the art would be applied
in the case of technology used on the ISS.
Since technology does not become prior art until it is made available to the public, the
experiments carried out onboard the ISS do not become prior art until they are
disclosed through publication, commercialisation or other means. However, since
some activities may become public unintentionally, this may prevent issuance of a
patent. In addition, there may be situations where the issue of disclosure or secrecy is
decided on for reasons other than preserving the patent potential of the technology.
The public's right to know about activities carried out on the public funded ISS may
also conflict with the need for secrecy to protect IPRs. For these reasons, the conduct
of activities on ISS has to be considered carefully to determine if such activities can
be carried out in a public environment. For example, activities carried out in secret for
commercial purposes may, in some countries, constitute prior art. As with all joint
technological activities, the conduct of technological activities on the ISS must be
carefully monitored to determine the potential patent-defeating effect as prior art
(Tramposch, 1994).
Regarding European patent applications, it is of the utmost importance that no public
disclosure of the invention should occur prior to the filing date, since this would
jeopardise novelty and/or the inventive step, and thus destroy any chance of patent
protection. This is of particular significance since the EPS have no real equivalent to
the ' grace period' that exists in the US, where disclosures up to one year prior to filing
are not considered prejudicial to novelty.
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Since the inventor is initially entitled to ownership of an invention and, therefore, to a
patent, the question of the inventor remains critical. The principles for determining
ownership of a patent and entitlement to use patented technology are the same for cooperative space efforts and for co-operative projects regarding development of
technology on the ground. Ownership of technology resulting from joint and cooperative development is determined by the terms of the development agreement
itself Thus, when an activity is undertaken by different Partners on the ISS and when
inventions or other objects of intellectual property are expected to be produced in the
execution of the joint activity, it is advisable that the following issues be agreed upon
beforehand:
•

•
•
•

Inventions, or other technology developed during the joint activity, will not be
published or disclosed before patents are applied for, or before all parties agree to
publish or disclose the technology;
Who would be entitled to apply for and obtain patents on inventions or other
objects of intellectual property;
Who would benefit from any technology developed on the ISS;
Confidential information that is communicated between Partners to a joint project
during the course of their co-operative activities will be protected.

To address the last point, a Code of Conduct for the crew has to be developed for each
specific activity or project. It should be noted that, although the basic principles of
patent law are substantially similar in most countries, this is not always the case with
respect to the laws protecting trade secrets, know-how and other confidential
information. The rules of trade secret law and unfair competition law that may apply
in a given case could substantially vary from country to country.
The study of IPRs with respect to activities on ISS essentially involves a situation
where technology used onboard may infringe on existing patents of third parties. For
example if an experiment, which is being conducted in the JEM, improperly uses a
technology which is patented in Japan, then the infringement shall be deemed to have
taken place in Japan. Liability for such patent infringement may be enormous and will
always depend on the national territory in which the technology is used. Moreover
Article 16 (paragraphs 3 and 4) of the 1998 IGA specifically excludes intellectual
property from the cross waiver of liability among the Partner states.
Therefore, if during the protected space operations intellectual property granted in one
Partner state is infringed upon in a module belonging to another Partner state, then the
liability for the infringement shall not be subject to cross waiver. One way to avoid
patent infringement liability is to determine ahead of time which patents may
potentially be used and to obtain licenses from those patent owners. In co-operative
space activities such as the ISS, which involves the territory of several states, careful
searches must be made to determine potential liability in all the countries involved
and negotiations must be undertaken to insure that all intellectual property rights are
respected.
3.2 .6 National Legislation Issues
The typical legal framework, in which commercial entities are familiar with
operations on Earth, is not extended to space. Indeed, there is no existing international
space law framework covering the entire scope of commercial space activities. The
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only way to regulate private activities in outer space, onboard ISS in particular, is
through the passing of national legislation that deals with particular private law issues
and extending them to outer space activities (Wassenberg, 1997). Those legal
considerations are at the core ofiSS commercialisation.
Any government wanting to promote space commercialisation should review the
possible applicability or inapplicability to outer space of its existing domestic laws,
including constitutional laws, labour laws, criminal, copyright and patent laws
(Cheng, 1997). The signatory states to the ISS agreements have the obligation to
integrate the IGA and the MOUs into their respective national legislation. Article 25
states that the 1998 IGA:

"is subject to ratification, acceptance, approval, or accession. Ratification,
acceptance, approval, or accession shall be effected by each state in
accordance with its constitutional processes. "
It is relevant to note that the entry into force of the IGA of 1998, which sets the rules
for the current ISS legal framework, is not yet complete. Indeed, the previous IGA of
1988, is still in place. It entered into force in 1992, after the ratification of two main
Partners, Japan (1988) and the US (1992), and it will be replaced only when the
" new" IGA (1998) enters into force. According to Article 25 of the IGA of 1998, the
" new" Space Station treaty:

"shall enter into force on the date on which the last instrument of ratification,
acceptance, or approval of Japan, Russia and the United States has been
deposited "
The actual legal situation is quite paradoxical because neither the US, Russia, nor
Japan has yet ratified the current Agreement. The IGA of 1998 has therefore not yet
fully entered into force (Farand, 1998).
Concerning the other ISS Partners, Canada and Europe, they have two years, from the
day of the Agreement's signature (January 29, 1998), to modify their legislation to
respect their ISS treaty obligations. Canada's Parliament has passed, on June 8 1999,
the "Canadian Civil International Space Station Agreement Implementation Act
1999" making the Canadian laws in accordance with the IGA. In Europe, the IGA of
1998 will enter into force for the European Partner as a whole, only when at least four
European states have modified their respective legislation through ratification,
acceptance, approval, or accession. These conditions have not yet been met.
Therefore, the current ISS legal framework, with which Open for Business has already
found many faults and limitations, is not yet even fully implemented. Article 25 of the
IGA states that:

"If this Agreement has not entered into force for a Partner within a period of
two years after its signature, the United States may convene a conference of
the signatories to this Agreement to consider what steps, including any
modifications to this Agreement, are necessary to take account of that
circumstance. "
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If the decision to organise this new international conference is taken in the coming
months, the different Partners should discuss some of the legal priorities this report is
pointing out, in order to create an ISS legal environment prone to commercialisation.
The need to create a multilateral regime, linking the different national space
legislation with internationally agreed clauses, such as liability requirements and
intellectual property rights, is therefore clearly needed. It would facilitate the conduct
of commercial activity on the ISS.
3.2. 7 Other Issues: Customs and Immigration, Exchange of Data and Goods,
Treatment of Data and Goods in Transit
Apart from the facts relating to the need for the extra-territorial application of national
laws by the ISS Partners as discussed in the preceding section, other issues have to be
addressed for commercial activities to take place on the ISS. The IGA, in a number of
the articles, imposes obligations on the Partners to take steps that will facilitate the
implementation of their common goals.

Customs and Immigration
The ISS involves a large-scale construction effort with international ramifications, and
with customs and immigration impacts on all the Partners. Therefore, the issues of
customs and immigration must be addressed. Article 18 of the IGA imposes an
obligation on the Partners to enact legislation that will:
•
•

•

Facilitate the movement of goods and persons into and out of the Partners'
territories;
Facilitate the provision of the appropriate entry and residence documentation for
nationals and families of Partner states nationals, who enter, exit or reside in
another Partner' s territory in order to carry out necessary ISS functions;
Grant duty free importation and exportation, to and from the Partners' respective
territories, of goods and software, which are necessary for the implementation of
the ISS agreements, without regard to the country of origin of those goods and
software.

Those laws need to be passed by all the Partners in order to avoid delays and
administrative difficulties for commercial ventures on the ISS.

Exchange ofData and Goods
The exchange of data and goods concerning the ISS is covered by Article 19 of the
1998 IGA. It creates an obligation on the Partners to implement national laws and
regulations that shall apply to the requests for authorisation of transfers of technical
data and goods by persons or entities other than the Partners or their co-operating
agencies. For instance, in the case of company-to-company exchanges for coordinating activities, the transfer of technology should be facilitated under certain
circumstances stated in Article 19.3 :
"Such technical data or goods shall not be used by persons or entities other
than the receiving Cooperating Agency, its contractors or subcontractors, or
for any other purposes, without the prior written permission of the furnishing
Partner state, acting through its Cooperating Agency."
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technology transfer, causing an even more complex situation (see "Policy section",
above) . Therefore, a more detailed legal regime, including private sector involvement
onboard the ISS, should be discussed among the Partners.
Treatment of Data and Goods in Transit
According to Article 20 of the 1998 IGA, every Partner has to allow the expeditious
transit of data and goods of the other Partners or their co-operating agencies:

•
•

during the transit between its national borders and a launch or landing site situated
within its territory;
during the transit between a launch or landing site and the ISS.

A barrier to that principle can arise from the respective Partners' applicable laws and
regulations. Cumbersome immigration regulations are often in place, and those
different administrative processes might create delays to an effective and user-friendly
commercial access to the ISS. Only the promulgation of new laws and regulations by
the Partners will resolve this transit issue.

3.2.8 The Implications of UNCOPUOS
The solutions to facilitate commercial utilisation of the ISS have concentrated, in this
chapter, on an overhaul of the existing international space law regime. The
recommendations stated in this report constitute some of the issues discussed by the
United Nations Legal Sub-Committee on Peaceful Uses of Outer Space (UNCOPUOS
hereinafter) at its thirty seventh session, held from the 23rd to the 31st of March, 1998.
During this session, matters related to the review of the status of the four international
instruments governing outer space were addressed and will serve to re-iterate the
recommendations that this report suggests. Any discussion on updating the current
space law will have effect on the ISS agreements. The discussions at the session
centred around the working papers which were submitted by Germany on behalf of
the member states of ESA (referred to as the ESA paper hereinafter) and on the
document submitted by Russia (Russian paper hereinafter).
The ESA paper regarded the Registration Convention as an important legal instrument
and recognised its close relation with the Outer Space Treaty and the Liability
Convention. It emphasised the need to clarify and possibly supplement the
Registration Convention with texts reflecting experience with the Convention and
new technological and legal developments, without seeking to change the text in any
way. The ESA paper then identified five topics that should be discussed in the context
of improving the Registration Convention. The topics included, among others:
•

•

•

Article IV, paragraph 1 of the Registration Convention requires states of registry
to furnish information to the Secretary General of the United Nations, concerning
each space object carried on its registry ' as soon as practicable'. The aim should
be to introduce a time limit for furnishing the required information;
Article IV, paragraph 1 of the Registration Convention sets out the single pieces
of information concerning the space objects launched. This information should
extend, to include, for example, information on the mass of an object;
Article I of the Registration Convention defines the term ' launching state'
following article I of the Liability Convention. New developments in the field of
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•

launching technology and the privatisation of this sector could lead to the
conclusion that this definition is not sufficient. Therefore, on the basis of a
technical review in the Scientific and Technical Sub-Committee (which should
also be conducted for the topic listed in subparagraph (b) above before a
discussion begins in the Legal Sub-Committee) it should be investigated whether
the definition of the term ' launching state' still adequately covers all launching
activities;
In order to explore each entity linked with launching activities, it is suggested that
the Legal Sub-Committee should proceed with an analysis of potential questions
related to international organisations when implementing the Registration
Convention.

The ESA paper submitted that all results from the above, which are agreed on by the
UNCOPUOS, should be adopted by the United Nations General Assembly in
resolutions and eventually be transformed into international law, as a supplementary
international legal instrument to the Registration Convention, ratified by all states.
This would directly affect the ISS co-operation framework.
The Russian paper, on the other hand, argued that the five main treaties elaborated
within the framework of the United Nations are inextricably inter-linked. They can be
neither applied nor interpreted in isolation from one another. After the adoption of the
Outer Space Treaty, each of the subsequent instruments was elaborated, taking this
treaty and other earlier space agreements into account, and all five instruments form
the basis of a special area of international law, namely international space law.
Accordingly, it was therefore advised that it is necessary to adopt a comprehensive
and integrated approach, whereby any decision to amend any of the five instruments
may be taken only in conjunction with a decision to introduce the corresponding
amendment in the remaining four instruments. Otherwise, conflicts may arise between
the provisions of texts forming a single system of interrelated standards and principles
of space law. The Russian paper proposed a methodology for reviewing the status of
the five treaties as follows:
•

•
•
•

•

Request to the state parties to each of the five instruments to transmit to the United
Nations Secretary-General their views on the advisability of introducing any
refinements or additions in those instruments;
The same request should also be addressed to interested specialised agencies
within the United Nations system and to various space organisations;
Analysis of the responses received and preparation of an expert opinion by the
Scientific and Technical Sub-Committees ofthe UNCOPUOS;
Analysis by the Legal Sub-Committee of the expert opinion, prepared by the
Scientific and Technical Sub-Committee, and preparation by the former of a
corresponding expert legal opinion. It may be considered preferable to assign this
task to a working group composed of members drawn from both Sub-Committees;
Preparation by the Legal Sub-Committee of draft provisions to be incorporated in
texts, amending each of the five existing instruments. Such drafts will also have to
be considered from the perspective of their consistency with international law,
including the charter of the United Nations.
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•

•

The possible influence of such amendments on the legal regulation of issues still
under discussion should be considered (issues such as space debris and the
delimitation of airspace and outer space).
Reach an agreement on organisational procedures for the official adoption of
amendments to the five instruments, on the basis of an integrated package
approach.

The paper concluded by stating that:

"the proposed methodology will make it possible to avoid fragmentation of
international space law and to forestall situations, whereby, instead of five
instruments, 6-10 texts would be in effect simultaneously. This will create for
various groups of states differing rights and obligations in one and the same
area of law. "
Integrated international space laws would be quite useful in the commercialisation of
the ISS. In this legal section, the actual legal constraints that currently hinder the
commercialisation of the ISS have been examined. It is apparent that the proposal of
the ESA paper is insufficient to address those interlocking legal issues and their
ramifications. The ESA proposal is narrower in scope than the Russian paper, which
addresses the heart of the issues that have to be addressed, if indeed space
commercialisation is to proceed. This legal section will, therefore, rest on the Russian
submission, with the hope that in the subsequent sections of this work, the
multidimensional and interdisciplinary intricacies arising will justify this argument.

4

Summary

As was previously mentioned, the ISS is a multinational, not international, facility.
Therefore the actual political and regulatory environment produces many constraints
to a common commercialisation strategy for the ISS:
•
•

Different Partners, with different modules and with different political and legal
frameworks (no common pricing policy and different IPR regimes);
If a company from a non-Partner state wants to do business on the ISS, one of the
Partners might veto its participation, because of internal politics.

This situation is complex and confusing for a company that may be interested in
commercial space activities on the ISS. Conversely, the respective and uncoordinated
commercialisation efforts of each Partner's assets can be, at the same time, an
advantage for commercialisation of the ISS. This situation fosters competition that is
beneficial for commercial users who will be able to ' shop around'.
However, the internal politics of every Partner and the risks associated with possible
confrontations on many topics, such as differing foreign policies, sharing of vital ISS
resources, and technology issues, remain key elements that represent political barriers
to ISS commercialisation, currently outweighing most of the benefits of healthy
competition. The current ISS co-operation framework definitely suggests major
political risks for a private company.
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Although no regime could force the Partners to co-operate in good will and to
completely avoid confrontation, clearer agreements could help to mitigate the political
situation. After all, it is in the Partners' best interests to co-operate, even in some
limited manner, to make commercialisation of their respective ISS assets a success.
On a more legal note, many issues still need to be resolved to allow and encourage
commercialisation of the ISS. The legal constraints and barriers to commercial
utilisation of the ISS are quite numerous, and a modernisation and update of the
current space law regime should be encouraged.
Recommendations
• Define, internationally, terms and concepts pertaining to space law (for example,
space objects, and launching states);
• Draft new international agreements to determine in advance whose law would
apply in specific situations;
• Create clear arbitration processes between commercial users and the Partner space
agencres;
• Allowing private or quasi-private contracts between the private companies and the
space agencres;
• The current ISS liability regime is complicated and cumbersome for commercial
users. The solution would be to allow a single country or entity to deal with
liability issues for the Partners, at least administratively, and mechanisms should
be introduced to transfer a state's liability to a company;
• The current ISS intellectual property rights regime is confusing and there is
uncertainty over protection of private commercial companies' IPRs. New
agreements should be reached to address these issues;
• The global insurance regime will have to evolve to meet the risks that will be
faced in commercial space activity;
• National laws have to be formulated in order to implement the IGA and MOUs,
through a ratification process, and thus extend the Partners' jurisdictions to space.
Many of these barriers and proposed solutions will set the political and legal
background for the following sections of this report, pertaining respectively to
techrlical aspects, as well as business and management aspects, of the
commercialisation ofthe ISS.
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CHAPTER Two: TECHNOLOGY
1

Introduction

The most critical need of a potential commercial user is to know, whether his
undertaking is technically possible on the ISS. In this respect, there are several
technical aspects related to the ISS that may present constraints to its successful
commercial utilisation. This section will identify and describe the general technical
constraints to any commercial activity on the ISS and will discuss each constraint
alongside with possible solutions and recommendations.

2

ISS Accommodations, Resources and Crew Time

As mentioned in Chapter One, ISS allocations are divided into accommodations,
resources and crew time. Accommodations are defined as ISS elements available for
utilisation, such as laboratories and facilities. Resources are derived from the ISS
global infrastructure, such as power, volume and communications. Lastly, crew time
includes both IVA and EVA activities. Several aspects of these allocations on the ISS
may represent constraints to potential commercial activity on the ISS.
It is pertinent to stress, for clarity and brevity, that any explanation of how the
allocations on board the ISS restrain commercial activity should always be understood
within the framework of the overall sharing agreements, on which the existing
allocations and related utilisation rights are based. The utilisation rights of the
different Partners are outlined in Table 1.1 of Chapter One.

2.1 International Standard Payload Rack (ISPR)
In the JEM, Columbus and US Laboratory modules, the nominal payload
accommodation unit for rack facility payloads is the International Standard Payload
Rack (ISPR). Russian modules will have a different configuration to accommodate
pressurised payloads and can not readily be fitted with payloads designed for ISPRs.
This could present a constraint to a potential user of the ISS, who may have designed
a payload to fit an ISPR for economic reasons and who then would like to utilise the
Russian accommodation system for availability reasons.
Use of the "standard" ISPR system represents a cost efficient approach that will
facilitate the accommodation of commercially oriented payloads within the nonRussian modules of the ISS. However, looking at the characteristics of the ISPR
presented in Table 2.1, one can conclude that ISPRs are primarily designed for
research and provide only a small volume and little power. For a commercial
application, this limitation could severely constrain the size of the payload and the
available energy, leading to low productivity and possibly jeopardising the economic
viability of the project. Therefore, for commercial applications, it is recommended to
design dedicated hardware optimised for a particular purpose.
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Table 2.1. Main Characteristics of an ISPR within the ESA Columbus
Module
Resource
Main Power
Auxiliary power
Vacuum
Cooling Water
Nitrogen Gas
Video
Data rate
Payload capability
Volume

I
I

Characteristics
6kW or 3 kW* @ 120 V
1.2 kW@ 120V
0.13 Pa
16<Tm<20, Tout<49 °C, flow rate < 190kg/h
flow rate< 5.34kg/h
5170hPa<p0 p<8270hPa
NTSC standard
< 32 Mbit/s
800kg
(2.014 x1.048 x 0.858 m)
1.35m3

* Low power backup

2.2

Volume Availability

The total pressurised volume of ISS at assembly complete will be 1140 m3 (see Table
2.2). This volume determines the nominal long-term and maximum short-term crew
sizes and directly affects the design of the life support, electrical power and thermal
control systems. Although volume tends to be minimised in order to reduce the size
and cost of the ISS, larger volumes could be conducive to greater crew productivity
and flexibility of on-board applications (NRC, 1999). This also extends to
applications of a commercial nature.
The number of ISPRs (37) listed in Table 2.2 is the number of internal payload racks
permanently available for research or commercial payloads. With the temporary
attachment of a Japanese Experiment Logistics Module and a Mini-Pressurised
Logistics Module, the total number of ISPRs increases to 72.
The number of racks available for payloads in the US Laboratory module (US Lab) is
much smaller than the total number of racks housed in that module. Eleven out of the
total twenty-four racks are used for housing general and payload specific support
systems, like the Attitude and Orbit Control System (AOCS), power, temperature and
humidity control and air revitalisation subsystem. Considering the high quality
microgravity environment of the US Lab, compared with the other modules on the
ISS (see Figure 2.3), it may be desirable to maximise the number of ISPRs available
in that module for microgravity related commercial applications.
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Table 2.2. Volumes and Number of Permanent ISPRs of each
Pressurised Flight Element onboard the ISS at Assembly Complete
(scheduled for 2004) (Biddis and Peters, 1998).
Flight Element
Zarya Control Module
Unity Node-1
Service Module
US Lab
Node-2
Japanese Experimental Module (JEM)
Cupola
Russian Research Module 1
Node 3
Russian Research Module 2
Columbus module
Experimental
Module
Centrifugal
(CAM)
US Hab Module

Outer Dimensions
(length x diameter, m)
13 X 4.5
6 X 4.5
14 X 4.5
8.2 X 4.4
7 X 4.5
11.2 X 4.4

7

X

Number of
ISPRs

l3

10

4.5

6.1 X 4.4

10
4

8.2

X

4.4

On section 3 of the starboard truss (S3), there are four attachment sites for external
payloads, each of which can house one Express Pallet. Each Express Pallet has six
Express Pallet Adapters (ExPA) for mounting six small payloads. On section 3 of the
port truss (P3) there are also two attachment sites which are mainly used for attaching
un-pressurised Logistics Carriers and are available for housing payloads when not in
use by the logistics carriers. Furthermore, four ExP As are available on the External
Payload Facility ofthe Columbus module, and 10 ExPAs are available on the Exposed
Facility of the Japanese Experimental Module (JEM EF). External attachment sites
are also available outside the Russian modules.
Although there are a number of locations available for mounting external payloads,
none will provide a hemispherical view of the sky, and only a few have a viewing
direction towards the Earth. Therefore, potential commercial users in the field of
Earth or space observation, such as local weather forecasting, space debris monitoring
and asteroid warning, might prefer to implement their systems on other platforms, in
orbits better suited for observation purposes.
Storage capabilities are available primarily in the Zarya module and in the
temporarily attached Mini-Pressurised Logistics Module (MPLM) and Experiment
Logi~ics Module (ELM), if they do not contain payload racks. While the latter two
storage modules are designed for accepting ISPRs, Zarya is not. Long term storage of
ISPRs could, therefore, become a problem, due to the temporary nature of the MPLM
and the ELM. This may present a large inconvenience to any commercial activity on
the ISS, which uses ISPRs and requires storage time.
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One solution is to provide storage capability, for temporarily unused ISPRs, in the
Zarya module. Lack of volume inside the ISS is a real constraint for any large payload
or servicing project.
2.3 Remote Manipulator Systems
The assembly and operation ofthe ISS will make extensive use of remote manipulator
systems. These systems support the crew in the assembly of modules, and handling
payloads and equipment, reducing the need for EVA

The external robotic system of the ISS consists of the Space Station Remote
Manipulator System (SSRMS), the Mobile Base System (MBS), the Special Purpose
Dexterous Manipulator (SPDM), the European Robotic Arm (ERA), the manipulator
of the European Technology Exposure Facility (EuTEF) and the manipulator System
of the JEM. Their characteristics are summarised below in Table 2.3 (CSA, 1999;
ESA, 1999; NASDA, 1999).
Table 2.3. Mobile Servicing System (MSS) of the ISS
I

Characteristic
Length, fm]
Degrees of freedom
Max. tip velocity, [ml s]
Mass, [kg]
Power Consumption, [Wl
Payload capability, [kg]
Video cameras
Typical envelope (base)
Accommodation

SSRMS SPDM
17.1
3.5
7
7
0.12
3800
1360
116000
685
7
4.5xl3.6

ERA
10.4
7
0.2
541.5
457
8000
4

Relocatable

Relocatable

EuTEF
1.1
7
0.1
58
130
250

JEM RM
9.9 I 1.7
6/6

1700
70000

ExPA
Fixed

Fixed

However, robotic systems on the ISS have a low level of autonomy compared to
ground-based systems. Due to safety reasons, each robotic system on the ISS is a teleoperated manipulator, which requires a significant amount of crew time for
performing each task. Implementing more advanced controls into the robotic systems
aboard the ISS may allow more autonomous performance of standard tasks and
there~ore, free crew time for other activities, including those of a commercial nature.
While the payload handling capabilities of the robotic systems are considered
sufficient for any commercial application, even satellite servicing, it could become
necessary to increase the number of robotic systems when the ISS is heavily used for
commercial activities.
The potential disturbances generated by each of the above manipulators during
handling operations, docking, or assembly could adversely affect the microgravity
environment. Presently, use of the large manipulators is planned for the non-quiescent
periods only (see section 4.1). Therefore, robotic manipulator operations result in a
time constraint for commercial activities that require particularly low levels of
microgravity, which currently can only be scheduled during quiescent periods. One
possible solution is to minimise the disturbances caused by the motion of robotic
arms, thereby possibly improving the microgravity characteristics. The disturbances
generated by the manipulators mainly depend on the mass and inertia characteristics
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of the object handled and the trajectory characteristics commanded to the individual
control loops of the different arm joints.
In order to decrease the disturbances, it is necessary to only command trajectories
containing low accelerations. Any disturbing reaction torque exerted on the ISS is
proportional to these accelerations. A criterion for defining trajectories should be to
not generate higher disturbances than those caused by normal crew activities.
However, low acceleration trajectories are not so desirable from an operation point of
view, because they lead to longer handling times.
A careful analysis of the handling scenarios and an optimisation of the trajectory for
each payload type handled is needed to find the best solution for these competing
requirements. This optimisation could lead to the eventual scheduling of remote
manipulator use during quiescent periods, without decreasing, and possibly
prolonging, the available time for commercial payloads requiring particularly low
levels of microgravity.
A further problem regarding robotic systems of the ISS is their limited capabilities.
They require additional special alignment targets and grapple fixtures because they
are not able to traverse tight access corridors and do not possess adequate speed and
dexterity to handle very delicate and complex tasks. Therefore, with this limited
capability, EVAs become indispensable, reducing crew time for commercial payloadrelated IVA (see section 2.6). To extend the working limits of these current systems,
NASA is investigating the Robonaut, a potential substitution for certain astronaut
activities (NASAl, 1997).

2.4 Electrical Power
The amount of electrical power available for each ISPR could present a major
constraint to commercial activity on the ISS. Although the maximum electrical power
available on the ISS at assembly complete will be llOkW (available for housekeeping
and experimental activities), the amount of electrical power available for experiments
and commercial applications is about 50 kW (NRC, 1999).
Each of the permanent 37 ISPRs on board the ISS can receive a main power of
approximately 6kW and an auxiliary power of 1.2 kW. These power levels will
decline with the operation of external payloads. For example, each Express Pallet on
the Columbus module uses up to 2.5 kW (ESA, 1999). The attachment of the :MPLM
or the Experiment Logistics Module of the JEM to the ISS will decrease the available
power per ISPR still further.
In summary, with all permanent and attached ISS facilities at full operation, the power
available will be approximately 0.6 kW per ISPR and 0.3 kW per Express Pallet.
Depending on the commercial application, these power levels may be insufficient, if
for instance, mass production of some material is to be done onboard the ISS.
A solution to the power limitation is the implementation of a rigorous payload
utilisation-planning schedule, where temporary disuse of power by essential
operations and equipment could enable a corresponding increase in power available to
ISPRs.
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For safety reasons, nuclear power generation or transfer of the limited power from
currently planned docked vehicles, such as the US Space Shuttle, Progress, Soyuz,
Automated transfer Vehicle (ATV), and H-II Transfer Vehicle (HTV), is not foreseen.
For any other future potential docking vehicle, a transfer of power could, however, be
foreseen if galvanic de-coupling is implemented.
A further suggestion would be the attachment of additional power generators.
However, the classical approach with solar arrays is very limited by the large solar
array area required and the lack of appropriate accommodation locations. Any
addition of a large solar array would severely impact the electrical and mechanical
architecture ofthe ISS.
New solutions by using solar dynamic power generation are under consideration for
future integration and testing on the ISS. This approach offers improved power
conversion efficiencies compared to that of conventional solar arrays, improved
efficiency of thermal energy storage compared to batteries. Moreover, the resulting
smaller cross sectional area is beneficial with respect to drag (Messerschhmid et al.,
1999).
Finally, storage of any excess power could increase the level of power available to
commercial users. At present, the plan is that when solar arrays of the ISS generate a
surplus, the excess power is dissipated. Increasing the energy storage capabilities on
the ISS would reduce this dissipation and increase the power available during power
peaks or eclipse periods. Apart from improvements in chemical battery technology,
developments in energy storage wheels (magnetic and fast spinning rotors, which
store kinetic energy) could be very attractive for the ISS and are currently being
investigated by NASA (Roithmayr, 1998).
The advantage of such a system is its higher energy density compared to batteries,
leading to a lower mass for the same energy storage capacity, a longer lifetime and the
possibility to achieve attitude control function as with conventional reaction wheels.
Magnetically suspended flywheels for energy storage are reported to have a power
specific density of about 40Whrlkg (NASA2, 1998). Conventional batteries achieve
only 4-6 Whr/kg in practice, as the depth of discharge has to be limited for lifetime
reasons.
For a 3-axis stabilised spacecraft, two energy storage wheels would have to be
mounted co-axially per axis (with an opposite sense of rotation) and any torque or
momentum needed for attitude control purposes would have to be generated by
accelerating or decelerating one wheel with respect to the other. However, a lack of
sufficient power is a real problem and presently, an ideal solution is not foreseen
mainly because of technical constraints.

2.5 Communications and Data Transfer
Communications and data transfer is an integral component of the ISS, where it is
required for stable operation of the station and dissemination of payload data to the
ground (NASA-JSC, 1997). Without extensive communication with the ground,
neither the safe, stable and reliable operation of the ISS or the dissemination of
information derived from commercial payloads would be possible. The ISS
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Communications and Tracking System (C&TS) is designed to support two important
functions: ISS operations and payload operations.
The C&TS provides communication services for every ISS mission and is composed
of several subsystems. The Internal Audio System (lAS) distributes audio onboard the
station and to external interfaces. The S-band subsystem transmits voice, commands,
telemetry and files. The Video Distribution System (VDS) distributes video onboard
the ISS and to external interfaces, including to the Ku-band subsystem for down link.
The UHF subsystem is used for EVA and proximity operations, while the Ku-band
subsystem is used for payload down link, video and two-way file transfer. Payload
command centres can command payloads and some ISS equipment through the
Payload Operations Integration Centres (POIC) and the Mission Control Centres in
Houston (MCC-H) or Moscow (MCC-M).
Commercial user communication requirements include payload command, control and
telemetry (monitoring), data transfer and also confidentiality of data. Each of these
requirements is discussed separately below.
Figure 2.1 shows the command path from the payload centre, through MCC-H to the
US Orbital Segment (USOS). The main point here is that payload equipment must
provide an interface that is compatible with the standard data channels available in the
ISPRs, where the experiment is to be conducted.

Service Module
Central Computer

Space

Ground

MCC-M

White Sands
Ground Segment

Other Control Centers

Other Payload/Science Centers

Figure 2.1. US Orbital Segment (USOS) Command Paths

It can be seen that the Early Communication, S-band, and UHF Subsystems are the
communication and tracking subsystems that can transport commands to the USOS.
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Commands can also be sent to the ISS through the communication subsystems of a
docked transfer vehicle and also through the Russian Orbital Segment (ROS).
Furthermore, mission control centres within the European Space Agency (ESA) and
the National Space Development Agency (NASDA) of Japan also communicate with
the ISS, through MCC-H.
Operational system telemetry and critical payload telemetry from the ISS to MCC-H
also uses the same paths as the commands, but in the reverse direction, using the Sband and Early Communication Subsystem (not the UHF).
The communication availability (time coverage) of the ISS is not as much as that of
the US Space Shuttle. The Space Shuttle has approximately 90% communication
availability when using two Tracking and Data Relay Satellites (TDRS). However,
structural blockage from the ISS itself decreases the down link communication
capability. Furthermore, the mean Ku-band coverage of the ISS is much lower than
the Ku-band coverage of the US space shuttle. The resulting time coverage for the ISS
is approximately 70% per orbit, on average (NASA-JSC, 1997).
As depicted in Figure 2.2, the Russian Orbital System (ROS) can receive commands
directly from ground stations through the REGUL subsystem as well as through the
LUCH satellite, via the LIRA or the REGUL Subsystem.

Service Module
Central Computer

Space

Ground

FGB Computer

FGB Ground Terminal

Luch!Service Module
Ground Terminal

Other Control Centers

Other Payload/Science Centers

Figure 2.2 Russian Segment Command Path

Telemetry from the ROS follows the same path as the command, but in the opposite
direction. Command function can be initiated from the MCC-H or the MCC-M.
Additional commanding may occur through other control and payload centres.
Russian communication coverage, using Russian ground stations, is available only for
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a portion of an orbit. The LUCH satellite coverage is approximately 45 minutes per
orbit (NASA-JSC, 1997).
2.5.1.1 Payload Data Transfer
It is very important for the commercial user is to be able to download data according
to his/her needs. The Ku-band link is dedicated for real-time payload data, video (realtime and recorded) and also recorded ISS system telemetry. The VDS and the Kuband subsystems of the ISS have an important interface, which provides for end-toend distribution of video from the ISS to the ground through the Tracking and Data
Relay Satellite System (TDRSS). The Ku-band subsystem is currently undergoing
many design changes for improving its capabilities.
Payload telemetry and video transmission, generate enormous amounts of data to be
sent to ground. Therefore, the flight controllers in the Payload Operations Integration
Complex (POIC) and MCC-M, as well as the crew onboard the ISS should configure
the Ku-band system to accommodate the gigabits of transmitted data. The data
transmission capacity of the system is a constraint to the amount of data that can be
communicated with ground for commercial activities.
The Ku-band subsystem is operated by flight controllers, both at the MCC-H and the
POIC, in co-ordination with the crew onboard the ISS. This includes configuring the
subsystem and routing the appropriate data to the subsystem for broadcast. It is the
responsibility of the MCC-H flight controller to regularly troubleshoot, access and
restore the subsystem's maximum capability.
The ISS Ku-band subsystem usable capacity (out of total SOMbps, which also
includes overheads) is 43 .2Mbps of serial data. Up to 4 out of 12 channels can contain
video images (one image per channel). However, there is the restriction that one video
channel at a full frame rate (high video quality) uses up almost the entire 43.2Mbps.
The video frame rate must be decreased to allow the down-link of other data. In
addition, only 8 of the channels are reserved for payload data and one of these
channels is shared between transmitting recorded telemetry and payload data.
The Ku-band subsystem is currently a non-redundant system. If the Video Base-band
Signal Processor (VBSP) fails, the subsystem will still operate, but it loses the
capability to down link video. However, if any other Ku-band Orbital Replacement
Units (ORU) malfunctions, the Ku-band capability is lost.
Several improvements are being considered for this subsystem after flight 8A,
currently scheduled for March 2001. One potential improvement is to increase the
down-link data rate to 150Mbps. A second is to add a Communication Outage
Recorder (COR) for recording payload data. A third is the addition of two-way
transfer of video with its associated audio through separate interfaces to the audio and
video transmission subsystems (NASA-JSC, 1997).
As a possible solution, the alternative use of Artemis, the Data Relay and Tracking
Satellite (DRTS) system, or leased transponders on commercial GEO satellites with
cross-link, instead of the TDRSS, could allow the establishment of permanent links
directly to the POIC.
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Furthermore, the use of commercial satellite constellations, use of data compression
techniques, and return of stored data, together with payload (CDs), can improve data
transfer capabilities.
2.5.1.2 Confidentially of Payload Data Transfer
This is one of the most serious issues to be addressed for commercial user. A basic
requirement of a commercial user is security of its payload data. One recommendation
fort the user is to design payload equipment such that it is capable of encrypting the
product data.

Confidentiality of data has been assured by the terms of Article 19 of the 1998 I GA. A
marking process essentially obliges the ISS Partners to take all reasonable steps,
including ensuring appropriate contractual conditions in their contracts and
subcontracts, to prevent the unauthorised access, use, disclosure and transfer of such
information. Data handling by astronauts is a source of concern, since they will only
be guided by a code of conduct. Whether this code of conduct is appropriate or not
remains questionable. In order to avoid any potential problem, the methodology
suggested for the protection of intellectual property in Chapter One, should always
constitute an integral part of the conditions in any contract or subcontract.
A more technically oriented solution to concerns about the confidentiality of payload
data, would be to provide encryption means for sensitive information.

2.6 Crew Time
Non-commercial related intra-vehicular activity (IVA) and extra-vehicular acttvtty
(EVA) could represent a constraint for commercial activity on the ISS, by limiting the
crew time available for commercial applications. IVA and EVA would also have a
direct impact on the cost of an ISS commercial application that requires crew activity.
With six crew members aboard, the total net crew time available for scientific
experiments and commercial applications is 23 hours per day, which is less than 1/6th
of the total crew time (NRC, 1999). This does not include the time needed for sleep,
training, hygiene, meals, routine work and station maintenance tasks.
A possible solution to this limited crew time is to increase the number of permanent
crewmembers. However, this is only possible to a certain extent. The ISS could
permanently host seven crewmembers, rather than the planned six at assembly
complete, if the design capabilities are fully exploited. Any further increase in
permanent crew size may exceed the design capabilities of the ISS Environmental
Control and Life Support System (ECLSS), electrical system, internal volume andresupply network. In addition, the presence of seven permanent astronauts will present a
problem of emergency crew egress, as the planned escape vehicles can only
accommodate six astronauts. However, the ISS resources and capabilities allow the
stay of 12 astronauts on board for a limited period of 30 days. This is only possible if
two crew escape and return vehicles, with a total capacity of 12 crew, are docked with
the ISS during this period (Tolyarenko, 1999).
EVA is a very expensive activity in terms of crew time and resources required for its
preparation and execution. These requirements arise from the technical complexity of
EVAs. Many improvements have been made in the Russian and American space suits
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for use on the ISS (Severin, 1995; Wilde, 1992). The US space suit for the ISS is
certified for up to 25 EVAs before it must be returned to the Earth for refurbishment.
Adjustments are possible during flight to fit different astronauts and the suit can be
easily cleaned. Other enhancements have also been suggested (NASA2, 1998):
•
•
•
•
•
•
•
•

Easily replaceable internal parts;
Reusable carbon dioxide cartridges;
Metal sizing rings that allow in-flight suit adjustments to fit different crew
members;
New gloves with enhanced dexterity;
A new radio with more channels to allow five-person communications;
Warmth enhancements such as fingertip heaters and a cooling system shutoff;
New helmet-mounted flood and spot lights;
A jet-pack "life jacket" called SAFER to allow an accidentally un-tethered
astronaut to fly back to the station in an emergency.

Enhancements to the Russian suit include improved mobility of limbs and torso,
easier donning/doffing, enhanced glove mobility, improved visibility, reduced
fogging, better compatibility with onboard systems and increased reliability (Severin,
1995).
Despite these improvements many operation and maintenance tasks are still required
before, and after, each EVA activity. This detracts further from the crew time
available for potential commercial activities.
The maximum duration of EVAs is limited to 8 hours, and for safety reasons, at least
two astronauts are required for an EVA. The US space suit maintains a pressure of 20
to 28 kPa, for increased mobility, but the astronauts need 40 minute pre-breathing in
the airlocks for adaptation to this pressure before the EVA and 2 hours re-adaptation
to cabin pressure after EVA operations.
The Russian suits maintain a pressure of about 40 kPa, which eliminates the need for
pre-breathing but reduces the astronaut's flexibility due to higher pressure difference
between the outside environment and inside the suit (Eckart, 1994). Moreover, the
astronaut needs at least one astronaut helping hirnlher to get into the US space suit,
while for getting into the Russian suit no help is required.
An additional limitation to EVA operations is the time required between successive
EVAs, for preparation ofthe space suits (re-supply, drying, etc.). The time required is
20 hours for the US space suit and 4 hours for the Russian one. Furthermore, during
each EVA operation some amount of the ISS air is lost into space through the
airlocks. Although the air in the airlocks is pumped back into the air circulation loop
before opening the air lock doors, there are always some losses due to operational
limitations of the pumps. It should be noted that no EVA operations are performed
during the microgravity quiescent periods. All these limitations and operational
complexities make EVA very expensive (Tolyarenko, personal communication,
1999).
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During the ISS assembly phase, between 2000 and 2004, approximately 960 hours of
EVA will be required for the construction of the ISS itself, reducing the overall
available EVA time for commercial applications.
A solution to the limited time available for IVAs, and a way to increase the efficiency
of the crew, would be to minimise EVAs as much as possible. In this manner, the time
used for EVA related preparations, cleaning and maintenance could be used for other
IVA activities, increasing crew time available for commercial applications. This can
be achieved by standardising payload handling operations and routine maintenance
tasks and incorporating automation as much as possible, which will also reduce the
time required for training of the crew. EVA tasks could then be performed with robots
by tele-operation from within the Station.
Robotic support of crew activity will be available on the ISS using the SSRMS, the
European Robotic Arm (ERA) and the payload manipulators of the EuTEF and the
external platform of the JEM. The planned Dextrous Orbiter Servicing System
(DOSS) of the US Space Shuttle could provide dextrous manipulation capability for
shuttle payload bay operations when docked with the ISS, which will augment or
replace some EVAs in the payload bay (Geocities, 1994). In addition, there could be
greater robotic involvement on the ISS in payload servicing and ISS maintenance,
including IVA Developments, such as the Payload Tutor, a payload robot for
automation of the ISS internal tasks, may increase the crew time available for
commercial applications (Pippo, 1998).
EVA and IVA crew time can be saved if payloads are tele-operated from the ground.
In the ideal case, then, crew time will only be required for transferring the payloads
from the transfer vehicles to the ISS and for installation operations that can not be
automated. In this case, the increased complexity of automated and tele-operated
payload handling and the corresponding operating costs can possibly be compensated
for with the increased available crew time. However, in order to implement such an
approach on a broad scale, improvements in the communication capabilities of the ISS
become necessary, as tele-operations require high data transfer rates.
For a potential application, such as on-orbit satellite assembly or refurbishment 10, the
attachment of a large diameter module would enable efficient operation of large-scale
activities from within a pressurised intra-vehicular environment rather than in the
hostile environment experienced during EVA However, with the currently available
diameters of ISS hatches and modules (1 .39m and 4.3m respectively) internal satellite
servicing is not possible.
Where EVAs are indispensable, the crew time efficiency can be increased by
improvements in the space suit design and operations. One operational improvement
could be having more space suits onboard the ISS, which will enable faster and more
EVA cycles. Another space suit improvement that can be implemented in the future is
the use of motorised hinges to help the astronauts and cosmonauts in moving
extremities under the pressure difference between the outside vacuum and inside the
suit. Such an approach would allow using a higher internal suit pressure and thus
reducing the time of pre-breathing. This would improve upon the existing EVA
10

See Chapter Four
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preparation situation. However, the use of motorised hinges would complicate the
design of the space suit, reduce its reliability and would entail higher power
consumption.
In conclusion, any advancement in EVA suit and equipment that makes EVA
operations easier and less time consuming, and any advancements in operations such
as automated or tete-operated payload handling and maintenance that reduce EVA
time will greatly enhance crew time for IVA and reduce operation costs.

3

Sharing Conflicts

Sharing of all accommodations, resources and crew time by different users can be a
serious problem. As a simple example, suppose there are two particular experiments
or activities, which require a certain amount of power, volume and crew time, but
there is no single time slot where these are available for both users to perform their
experiment/activity simultaneously. This complex situation can be resolved by
various methods, as discussed below. These would be the responsibility of the
Partners and/or the proposed UM Co. 11
Mission preparation is the key solution to resolving problems as described above. A
day to day schedule is established for all equipment and payloads aboard to maximise
the utilisation of resources and to avoid any resource sharing conflict. Day to day
changes from the nominal schedule will be traded-off by crew and ground control
taking into account the rating of interest (Bomb led, 1999).
A solution to avoid resource-sharing conflicts could be to introduce different pricing
policies for resources. This would depend on, for example, the microgravity
environment at an ISPR location, the availability of power during the mission (e.g.
higher price per kWhr if a power failure has to be avoided by all means) and increased
demand.
Another way of handling the conflict situations is to provide additional tools,
equipment, or crew. However, this solution is costly and sometimes impossible
because of, for example, limitations on crew number onboard the ISS.
Lastly, a commercial user may also rely on strong political backup to exploit the
resources of the ISS for performing his/her experiment/activity, in the case of
scheduling conflicts for limited resources (Bombled, 1999).

4

ISS Environment

The various characteristics of the ISS environment will be of great importance to the
potential commercial user. This section focuses on three key areas of the ISS
environment: micro-gravity, atmosphere and noise. The purpose is to make the
commercial user aware ofthe overall environment and possible countermeasures to ~e
taken.

11

See Chapter Three
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4.1 Microgravity
The ISS will be subjected to an environment of microgravity, not zero gravity, due to
factors such as gravity gradient across the spacecraft, atmospheric drag, ISS
operations and crew activities. The exact level of gravity on board the ISS will be an
important factor in attracting private investors who wish to use the microgravity
environment for commercial activity. However, generally it is not possible to identify
the quality of the microgravity environment needed by commercial applications,
which is application specific. Acceptable microgravity levels are in the range between
0.1 and 10 JJ.g.
The following section will describe the main types and sources of perturbing
accelerations, their possible counter-measures and a description of the planned
schedule for the micro-gravity environment on the ISS plus recommended
modifications.

4.1.1 Types of accelerations
Two types of perturbing accelerations can be identified that act upon space stations,
such as the ISS: quasi-static residual and transient accelerations.
Quasi-static residual accelerations are constant and act upon the centre of mass of the
station (see Figure 2.3). The sources of these accelerations can be atmospheric drag,
solar pressure, the constant radial acceleration due to the continuous rotation of the
ISS to keep its Earth oriented flight mode, and the gravity gradient across the ISS.
Transient accelerations are mainly caused by the operation of thrusters and magnetic
torquers (for attitude and orbit control), docking operations, movement of mechanical
parts and crew motion. These are also known as g-jitter. Furthermore, transient
fluctuations in gravity field may be generated, due to the oblate shape of the Earth and
irregularities in its mass distribution, which may be detected on the ISS.

4.1.2 Sources of Accelerations and Counter-Measures
Three main sources of perturbation to the microgravity environment on the ISS will
be considered here: atmospheric drag, tidal forces and g-jitter. In addition, possible
counter-measures are suggested for each source of perturbation:
•

Atmospheric drag: The frictional drag on the ISS, due to the residual atmosphere
within its orbital altitude (370-460 km altitude), will exert acceleration upon its
centre of mass. The magnitude of the drag force depends upon the density of the
air, the drag coefficient of the ISS and the incidence area normal to the velocity
direction. Influences such as solar activity, Earth shadow (diurnal variations),
seasons and geomagnetic activities cause significant variations in the density of
the atmosphere. The rotation of the solar arrays during orbital flight, to track the
Sun, alters their incidence area relative to the direction of flight, leading to cyclic
modulation of the atmospheric drag force.
The value of deceleration at the centre of mass of the ISS due to atmospheric drag,
depending on the rotation of the solar arrays, varies approximately between
0.2x 10-6 g to O.lx10-6 g at 360km altitude, and approximately between 0.2x 10-7 g to
O.l x 10-7 g at 470km altitude. These values increase approximately by an order of
magnitude during high solar activity periods.
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Use of continuous low-thrust re-boosting to compensate for this drag may improve
the microgravity conditions on board the ISS, by avoiding disturbing high-thrust
burns. This method may be of particular use during the approach to maximum
solar activity in 2001 , where the corresponding increase in atmospheric density
may necessitate the need for longer or more frequent re-boosts (see section 2.2.3).
However, this proposed re-boosting method would require changes in the
operation plans and the introduction of new propulsion systems, and is currently
not considered for the ISS.
•

Tidal forces: During orbital flight, a gravity gradient exists along the z-axis (radial
directions in the orbital plane) of the ISS. This gravity gradient results in tidal
perturbations in the velocity direction, which are generally constant over time.
However, these perturbations rises in increments of 0.4 x 10-6g per metre with
increasing distance from the center of mass of the station in the orbital normal and
radial directions (the variations being larger in the radial direction) As a passive
means for minimising disturbances, the ISS architecture and the installation of
experiments should be taken into account. Tidal forces can be influenced by the
size, attitude and orientation of the experimental module and by the installation of
the experiment itself within that module. Therefore, the best possible position and
attitude should be selected for each experiment.

•

G-jitter: Perturbations caused by control maneuvers, operation of thrusters and
torquers, crew activities, unbalanced rotating devices, docking operations and
other ISS activities, which cause an oscillating response of the station structure,
are called g-jitter. The combined effect of these various sources is a wide
acceleration spectrum that can mechanically excite the primary structure, elements
(e.g. modules, pallets, racks) and the experiments of ISS. This presents a serious
constraint to any commercial activity that requires a vibration-free environment.
One method to overcome this problem is to mechanically isolate the specific
payload from the ISS. The isolation can be achieved by passive means like spring
and damping elements, or actively by the use of active isolation systems that
isolate the payload or rack from the ISS by using a set of small actuators.
However, both means have difficulties in attenuating disturbances with low
frequencies. Isolation mounts have been used on the 11IR station for more than 10
years, but they also have difficulties in damping low frequency perturbations.
Furthermore, active isolation mounts like the Active Rack Isolation System
(ARIS) proposed by Boeing impart some additional disturbances on the station
structure due to the motion of their actuators.

Other methods of isolation include damping tethers and contact-free positioning of
payloads. Several methods of contact-free positioning have been proposed
(Messerschhmid et al., 1999):
•
•
•
•

Electrical forces : electrostatic levitation;
Magnetic forces: magnetic and electromagnetic levitation;
Ultrasound: acoustic levitation;
Aerodynamic forces in a controlled flow : aerodynamic levitation.

It should be noted that damping and levitation systems are only suitable for the

compensation of transient perturbing accelerations and that these systems may not be
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used for levitating quasi-steady perturbations or low frequency oscillations, caused for
example by atmospheric drag and tidal forces. To combat the latter problem, some
ISS applications could be transferred to a simpler automated free-flying satellite.
Experiments and payloads could be put in the free-flyer and then be separated from
the ISS to a safe distance, thus being free from the effects and vibrations of the ISS.
For specific applications, it might even be necessary to raise the orbit ofthe free flyer
above 1OOOkm to avoid the disturbances due to atmospheric drag.

4.1.3 Planned ISS Micro-gravity Schedule
The ISS has specific requirements that define its microgravity environment (ESA,
1999). These include acceleration levels of 1.8x 10-6g or less, at frequencies of less
than 0.1Hz, that should be maintained for at least 50% of the pressurised users
accommodation locations for continuous periods of up to 30 days beginning at flight
2R (scheduled for January 2000) and continuing thereafter.
These conditions should be provided for at least 180 days per year. For frequencies
5
between 0.1 and 100Hz, the acceleration levels will be less than 1.8 x 10- g, while for
frequencies exceeding 100 Hz, acceleration levels of 1.8 x 1o-3 g are predicted.
Operations such as re-boosting, docking and undocking, EVAs and major attitude
manoeuvres cause micro-gravity conditions to deteriorate. Therefore, there are
specific periods in the year during which these activities are not conducted, except for
emergencies. The ISS is planned to have at least 180 days each year in "micro-gravity
quiescent" mode. These 180 days should be allotted in increments no less than 30
days each.
During these 30 days the ISS must comply with the requirements that were mentioned
in the previous paragraph. Operations such as refuelling, re-boosting, docking of the
transfer vehicles and most EVAs are planned to occur during non-quiescent periods.
During the latter periods the micro-gravity conditions may deviate considerably from
the quiescent conditions, the worst case being the US Space Shuttle docking, where
perturbations could reach a level of 10-3g. This level of perturbations may present a
further constraint to successful commercial activity on the ISS. Therefore, only those
payloads/experiments that are unaffected by such conditions should be conducted
during the non-quiescent period. Microgravity quiescent and non-quiescent periods
are scheduled in advance in accordance with the ISS operations plan.
In Figure 2.3, the distribution of the quasi-steady acceleration is shown with respect
to the geometry of the ISS. A microgravity environment of less than 1 J.l8 can only be
obtained for 55% of the ISPRs.
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Figure 2.3. Microgravity Levels onboard the ISS at Assembly Complete
(ESA, 1999)
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Commercial users should take into account the microgravity quiescent periods and
schedule their experiments to fit into these periods if necessary. Extension of these
periods is not possible due to ISS operational implications. Use of automated
experiments that require the minimum amount of human supervision would be of
advantage, since then use can be made of the night time quiet conditions when there is
less crew activity and therefore less disturbances. Automated experiments also require
less crew time, which will have benefits in terms of crew time costs.

4.2 Atmosphere
The characteristics of the internal and external atmosphere of the ISS are of direct
relevance to the potential commercial user, whose payload will reside either within
the pressurised environment of a module or on an external platform. This section will
focus on three key properties of the internal and external atmosphere, temperature,
contamination levels and vacuum, and how these properties may present a constraint
to commercial users of the ISS.
4.2.1 Temperature
On the external surface of the ISS, there are drastic spatial and temporal variations in
temperature. Although, this is largely due to fluctuations between sunlight and
shadow,. temperature variations may also result from endogenous sources.

Externally, the Space Station temperature can vary drastically from one place to
another and during each orbit. The temperature along the truss decreases with
increasing distance from the modules, as the modules have higher temperatures. In the
vicinity of the modules temperatures can vary from -126° to 149° C during one orbit.
While temperatures at the outer limits of the truss can vary from -184° to 149° C, the
temperature inside the pressurized modules is kept within 18° to 24° C. (NASA-JSC,
1997). Active and passive thermal control systems are used whenever necessary, to
keep the temperature of environment, devices and systems within their operational
range.
4.2.2 Contamination
During nominal operation, the ISS or any other docked vehicle, may cause
contamination in the immediate environment of the ISS. Such contamination may be
due to various factors, such as venting of air locks, out-gassing of materials, operation
of thrusters, dumping of water, dumping of waste, and material exposure to the space
environment.

The presence of contamination alters the molecular and particulate density
surrounding the ISS and can damage the surfaces of systems and payloads. Any
external damage to the systems could affect internal payloads (including those of a
commercial nature), which rely on the nominal functioning of all ISS systems. Two
examples of external damage with a potential impact on internal equipment are the
degradation of solar arrays, which reduces the available power and life time of the
ISS; and the degradation of the radiators, which reduces the heat lifting capability
available to ISPRs.
Similar to the microgravity quiescent and non-quiescent periods, the ISS is intended
to have 30-day "contamination quiescent periods", during which no active
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contamination should take place, and "contamination non-quiescent periods", when
active contamination may take place. Therefore, it may become necessary to protect
the sensitive external payloads during these non-quiescent periods. This may pose a
constraint to any commercial activity on an external platform that requires operation
periods longer than 30 days. Furthermore, it should be noted that external commercial
activity has a risk of contamination by neighbouring payloads. However, each payload
should also comply with the requirements of the contamination quiescent periods.
Since contamination does not immediately disappear after an EVA, an undocking or a
waste dump, a cloud of contaminants will accompany the ISS for quite a while. It is
recommended for sensitive payloads to select locations that are remote from any
airlock, docking port, waste dumping port or thrusters.
In contrast, the risk of contamination of internal commercial payloads is much lower.
Atmospheric contamination within the pressurised modules is monitored and
controlled by the Trace Contaminant Control (TCC) subsystem of the Environmental
Control and Life Support System (ECLSS), to keep contamination levels within
specified limits. This subsystem filters and catalyses numerous gaseous contaminants,
particulates and odours from the cabin atmosphere. The user facilities inside the
modules should also operate in a manner that prevents production of more
contaminants.
4.2.3 Vacuum
The vacuum level surrounding the ISS depends not only upon characteristics of the
atmosphere of the Earth at a given orbital altitude, but also upon gases and materials
emitted by the ISS. The density and shape of this atmosphere vary with any operation,
such as docking and EVA, making it difficult to predict the density.
The density of the atmosphere depends on the altitude, solar activity and day/night
conditions (see Figure 2.4). Atmospheric density is inversely proportional to altitude
and the thermal influences of the solar and day/night cycles introduce further
variations. Depending on orbital conditions and the solar cycle, the nominal
atmospheric density at 400km altitude can vary approximately between 1o- 13 to 1o-11
kg/m3 (Messerschhmid et a!., 1999). This lack of a "perfect" vacuum on the external
platforms of the ISS may present a constraint to the commercial user who may wish to
expose a payload to a high-quality vacuum and microgravity environment for long
periods of time.
It is also possible to generate vacuum conditions in the airlocks. During non-EVA
periods, it may be possible to use these airlocks as vacuum chambers. However, the
level of vacuum obtainable will depend on the characteristics of the vacuum pumps.
The density levels are expected to be in the order of 10-5 to 10-6 kg/m3 (Tolyarenko,
1999).

The atmospheric density also depends on the level of the solar activity. Therefore, the
upcoming solar max in 2001, which will result in significant increase in the
atmospheric density, as shown in Figure 2.4. This will present yet another constraint
to users who need access to high quality vacuum on the ISS.
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Figure 2.4. Density Variations with Altitude, Solar Activity and Day/Night
Conditions (Messerschhmid et al., 1999)
One other impact of the residual atmosphere in the ISS orbit is the build up of static
charges on the surface of the ISS. This level of static charging increases considerably
during solar maximum periods and can affect the payloads and systems both outside
and inside the ISS.
4.2.4 Acoustic and Electro-magnetic (EM) Noise
The noise on the ISS can be classified into two types: acoustic noise and
electromagnetic noise. Acoustic noise can be caused by the operation of systems such
as fans, pumps and crew activities. The level of noise within the ISS varies from about
50 dB during minimum activity periods to about 70 dB during maximum activity
periods (Atkov, 1999). Acoustic noise induces additional vibration on surrounding
surfaces and can affect experiments and payloads. Measures, such as insulation and
active noise cancelling techniques, can be used to protect experiments and payloads
from high noise levels and greatly reduce its effects.

Electromagnetic noise (interference) is generated by the operation of any electric
device. This electromagnetic environment may adversely affect the payloads of
commercial user. Commercial payloads are required to be compatible with ISS
specifications regarding electromagnetic interference (conducted and radiated
emissions and susceptibility) between equipment and systems on the ISS.
5

Safety Hazards

It is possible that the ISS will be exposed to several non-nominal situations during its
proposed 15-year lifetime. These dangers could vary in severity, from small mistakes
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made by astronauts in the performance of experimental procedures, to an explosion on
ISS. The safety of the ISS crew will be of paramount importance during all these
hazardous situations. However, these situations (plus the extensive safety measures to
prevent them) may have adverse effects upon any commercial activity on board the
ISS. This section will specifically focus on the three danger situations of collision,
human operator fault and fire/explosions.
Since any safety hazard can have catastrophic consequences in terms of crew life or
damage to the ISS, stringent safety requirements are imposed on any hardware and
software used and processes performed onboard the ISS.

5.1 Collision (Meteoroids and Space Debris12 )
Collision of objects with the ISS presents a danger of module depressurisation, with
sever consequences for crew safety and damage to ISS systems and payloads.
The meteoroid density at 1 Astronomical Unit (AU) distance from the Sun, (i.e. in the
vicinity of the Earth), is approximately 9.6x10-20 kg/m3 . Most ofthe particles have a
mass between 10"7 and 10"9 kg, a diameter of about 0.01 em and a density about 0.5
g/cm3 . These objects travel at a relative velocity of about 20 krn/s (Messerschhmid et
al., 1999). The danger of meteoroid collision with the ISS is also a risk to the
commercial payload/activity. The main safety measure will be detection and
avoidance (additionally disturbing the microgravity environment and presenting a
further risk to the commercial user). However, the probability of the ISS colliding
with a meteoroid of critical mass (greater than 1 gram) is extremely low.
The sources of space debris are in-operational spacecraft, payload fairings, rocket
stages, boost motors, paint chips, aluminium particles from solid boosters and debris
from explosions. These objects move with a velocity of 0 to 15 krnls relative to the
ISS with a maximum collision probability at a relative velocity of 4 km/s. The average
density of space debris is 1.52 g/cm3 (Tolyarenko, 1999).
Space debris can be divided into the following groups according to their size and
potential effects:
•

•
•

Particles less than 0.01 em (microgram range), which do not cause penetration or
structural damage, but can cause surface erosions and solar array degradation.
(about 50,000 impacts per year may occur with these objects in LEO for a large
structure such as the ISS);
Particles in the range of0.01 to 1 em (microgram to gram range), which can cause
severe damage depending on the degree of shielding;
Objects larger than 1 em, which can cause catastrophic damage (Chabotov, 1991).

For debris smaller than 1cm, it is possible to provide passive counter measures by
appropriate shielding. Objects larger than 10 em (kilogram range) are detectable by
radar from the ground and it is, therefore, possible to avoid collision by means of
orbital manoeuvres (although this will profoundly affect the micro-gravity
environment). Objects between 1 em and 10 em (gram to kilogram range) are difficult
12

At the moment there are no international treaties obliging the states or entities that are responsible for
generating debris to dispose of the debris.
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to detect and can not be protected against by passive shielding. However use of debris
detecting radar onboard the ISS can improve the debris detecting capabilities and
reduce the risks of such objects colliding with the ISS.
In contrast to meteoroids, the orbital debris flux is dependent on the direction of
velocity of ISS. Nearly all debris will approach the ISS in the local horizontal plane,
which is called the "debris plane". Within this plane, the object flux again depends on
the direction of velocity with peaks at 45° and 75° and -45° and -75° relative to the
flight direction ofiSS (Chabotov, 1991).
The pressurised modules of the ISS will have passive shielding against space object
collisions in the form of dual aluminium walls, containing several intermediate
thermal insulation layers. The critical areas on the ram side (in the flight direction) of
the ISS can withstand objects of up to 1 gram in mass, which is 99.8% of the debris
population. The more sensitive elements, such as airlocks, are placed at lower risk
locations, further from the ram side ofthe ISS.
The collision avoidance strategy, already set in place for ISS, is based on prediction of
large, catalogued objects and subsequent avoidance manoeuvres. These objects are
observed and the orbital parameters are defined by the US Space Command. Laser
detection systems are suggested for the future, but implementation of these systems on
the ISS requires technology improvements and time.
It is worth mentioning that emergency collision manoeuvres could also take place
during the quiescent period. For a commercial user relying on the microgravity
environment, such manoeuvres could be detrimental. A possible future solution to the
problem of meteoroids and debris would be to install a laser operated system that
detects, tracks and destroys (evaporates) any object potentially collidi~g with the ISS.
Similar systems have been developed under the Strategic Defense Initiative (SDI) for
destroying nuclear warheads.

Astronauts are also directly exposed to the risk of space debris collision during EVA.
Although, the risk, which is a function of EVA duration and the capability of the suit
to withstand impacts, is fairly low, the number ofEVAs should be minimised for cost
and safety reasons by using automated robotic systems (see earlier section on IVA and
EVA).

5.2 Human Operator Fault
Human operator fault (by astronauts or members of mission control) poses a risk to
the whole ISS including all potential commercial activities. In the worst case, this
could result in the collision of visiting vehicles with the ISS. Because the catastrophic
consequences of human error in space very stringent safety requirements are imposed
on any hardware, and on any processing performed, aboard the ISS.
Safety issues are considered a major potential and unavoidable constraint for
commercial activities. The current standard is the provision of detailed timelines and
step-by step instructions for each astronaut on board the ISS and for each member of
the mission control team on the ground. Furthermore, most ISS systems have
consistency checks, to alert the crew to wrong operator commands.

64

Chapter Two: Technology

5.3 Fire and explosion
The most hazardous thing to any activity is fire or explosion, which consequently can
put the whole ISS in danger. A number of situations, such as electric line short circuit
and chemically unstable material, for example, can cause a fire or explosion.
Therefore, fire and smoke detector systems for the safety of crew and equipment are
used in many locations onboard the ISS to warn of any emerging danger. Robust
equipment with automatic counter measures would be a solid tool to avoid such.
6

Quality Control

Commercial users are generally unaware of the space standards to be met for ISS
utilisation. For example, a pharmaceutical company would probably not know the
exact quality standards to be followed on the ISS.
In this regard, it is necessary to address the provisions of agreements, which set the
assurance standards for the ISS Partners. In order to assure safety, NASA has the
responsibility to establish overall ISS safety and mission assurance requirements; and
plans covering the detailed design and development activities for the ISS. Each
Partner will develop detailed mission safety requirements and plans, which should
meet or exceed the overall ISS safety requirements established by NASA.
In addition, contingency procedures must be established for on-orbit emergencies to
protect the safety of the ISS and its crew. The Partners will also establish a process for
consultations in the event of on-orbit emergencies for which contingency procedures
do not exist. If this consultation process cannot be followed within the time required,
due to the nature of the emergency or if consensus cannot be reached within the time
required, then NASA will have the responsibility of making decisions to protect the
safety of the ISS and its crew.
These decisions must follow previously agreed procedures of decisions making. The
current arrangement needs to be addressed in the context of pre and/or post
experiment/activity requirements for operation, manufacturing or maintenance.
Quality Control/Assurance issues applicable to hardware, software and personnel are
addressed in the following sections.

6.1 Hardware (Equipment and Material)
The equipment provided by the user, which may comprise parts, tools, and logistics
must be robust in nature, properly packed and tested according to the specification
provided by the owner of the facility. All equipment should be space qualified and
ISO 9002 certified for launch and use on the ISS.
Any material to be carried to the ISS must be compatible with standard requirements
of the facility/laboratory owner.

6.2 Software
Any kind of software installed in the user equipment must comply with certain space
software standards, be compatible with the concerned ISS facility/laboratory and be
tested on the ground. The software must be virus free, error free and should be fault
tolerant to operator faults.
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6.3 Personnel
All crew on board any space vehicle including the ISS must be highly trained and
very skilful in accomplishing the high demanding tasks that are usually performed in
space. This may affect the crew member selection process for particular activity or
experiment. This issue needs special attention, as it is necessary that the crew have
complete training in the use of equipment and that they be able to perform necessary
operations for commercial users.
6.4 Recommendations
It is recommended to the user to identify the exact requirements of the Partners and to
comply with the desired standards of the payload or activity.
Not directly a technical issue, but closely linked to Quality Control, is the problem of
documentation and verification of any flight hardware. Although standardised
components, such as drawers and racks, simplify the implementation of internal
equipment, there are still many specifications and safety regulations to be respected
and implemented in the design of payloads.
A simplification of the documentation and verification process could be achieved by
auditing interested companies for implementation of new hardware and use of ISS
facilities (the "ISS-IS09000 standard"). Similar to the approach with aeroplanes, it is
conceivable to have national authorities certifying the qualification of products
intended for use on the ISS.
From a commercial point of view, it is also important to ensure good quality of
products manufactured on the ISS. For a pharmaceutical company, a quality check of
material before it is sent back to Earth could avoid unnecessary delays and costs.
Equipment for the quality check of payloads should be available on the ISS (see
Chapter 5). Calibration control and equipment certification would have to be
performed by the crew in the scope of normal maintenance tasks.

7

Access to and from the ISS

Another important issue to address is access to space, ISS in particular. The
availability of launchers, and its corresponding payload capabilities, is critical to the
commercial user and the maintenance of the ISS in general. Launchers are needed for
transportation of payload equipment (e.g. facilities, spare parts, tools etc.), raw
materials (e.g. fuel, logistics etc), crew (e.g. for exchange or emergency evacuation)
and outputs (e.g. products, waste) between the Earth and the ISS.
There are constraints regarding access to and from the ISS. Commercial users of the
ISS need, among other things, to co-ordinate technically with the organisation(s) in
charge of the utilisation of the ISS, whether it is with the ISS Partners or with the
proposed Unified Management Company (see Chapter 3). Users must understand that
to conduct a microgravity experiment on board the ISS, a robust design of the payload
and its container is required in order to survive the severe flight environments during
launch and/or re-entry.
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For safety reasons, detailed reviews of user payloads are required. Maintenance of the
microgravity level for quiescent periods means that the access to and from the ISS has
to follow the ISS operations schedule. No commercial user can have unlimited access
to and from the ISS at any time. Lead time for the launch vehicle and the transfer
vehicle flight readiness, require about 24 to 30 months. Quiescent periods of at least
30 days each, totalling at least 180 days and availability of flight opportunities for
user payloads based on the current regime, results in further restrictions on the
commercial utilisation of the ISS (ESA, 1999).
The time for a commercial user to design and develop the flight qualified device or
container to be compatible with the payload racks also has to be considered. For a
user it might take about 48 months to get an experiment on board the ISS (ESA,
1999), which certainly needs to be shortened under the condition of not compromising
the safety and reliability of the ISS. Table 2.4 lists the transfer vehicles to be used for
the operation and utilisation of the ISS.
Table 2.4. Planned Transfer Vehicles for Access to and from the ISS

Parameter

Class
Crew size
Design Life
_(days)
Orbital
Storage
_(days)
Maximum
Diameter_(m)
Total Length
(m)
Launch Mass
_(kg)
Payload (kg)
Total
Volume (m3)
Availability

Transfer Vehicle
Progress
X38/CRV

Soyuz
TM
Manned
3

Manned
7

Manned
7

14

9

180

STS

ATV

HTV

Cargo
N/A

Cargo
N/A

Cargo
N/A

-

30

180

-

30

1095

180

180

15

2.7

23 .8

4.4

4.6

4.4

7.5

37.2

8.7

8.0

9.2e and
7.4f

7070

104 328

8, 163

7,450

18,000

15,000

For 7 crew

1340c and
1200d

9000b

450 up
300
down

24 990a

M

2.7
7.2

6000e and
7000[

10

71.5

For 7 crew

N/A

N/A

N/A

Now. .

Now

2003

Now

2003

2002

aFor the ISS operations this 1s linuted to 14 000 kg (60% of maxJ.mum payload due to the ISS orb1tal
parameters. The unit payload price ($/kg) for the STS launch mission is $28 572 with the total mission
cost approximately at US$400 million.
~5500 kg for dry re-supply goods and scientific payloads; >840 kg of water; > 100 kg of gas, oxygen
or nitrogen; >860 kg of propellant for refuelling the ISS; >4000 kg of propellant for the re-boost
manoeuvre. cCargo module.dRefuelling module. "Mixed. rPressurised.

Table 2.5 shows the expendable launch vehicles for the operation and utilisation of
the ISS. With limited payload capabilities and high launch costs (approximately $500
million for a US Space Shuttle mission and $100 million for an Ariane 5 mission, cost
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of the ATV not included), one of the most critical constraints to ISS
commercialisation is the cost of access to and from the ISS.
An Ariane 5 and an ATV mission will cost the user about US$20,000 per kg of
payload. The Ariane 5 and H-IlA launch vehicles and the ATV and HTV transfer
vehicles are either newly developed or being developed. The risks involved in the
utilisation of new space systems, even with the flight proven technologies, could
cause significant rescheduling and consequently, an increase of the overall cost, if an
unexpected launch or mission failure occurs. If the reusable launch vehicles,
developed to reduce cost (e.g. Venture Star payload cost of $5000/kg), are not able to
carry a transfer vehicle or dock directly to the ISS, then further improvements in
launcher technology need to be developed to reduce launch costs.
A first step to reduce cost would be to utilise the payload capability of every nominal
re-supply vehicle to the maximum extent possible. It could be very interesting for
commercial user to get a "piggy back" launch on an already planned (and paid) resupply flight to and from the ISS. Open competition in launch market could also
decrease the overall launch cost.
Table 2.5. Expendable Launch Vehicles for the ISS
Parameters

First
Date

Launch

Launch Site
Payload
Capability
Availability
Launch Cost
(ROMa)
Payload
Unit
Price to Orbit

Proton K

Launch Vehicle
Soyuz U
Ariane 5

16/ 11/1968

16/111963

4/6/1996

2000

Baikonur
(45°60' N
63°10' E)
20 900 kg to
200 km,
51.6° orbit
Now

Baikonur
(45°60' N
63°10' E)
7500 kg to
200 km,
51.6° orbit
Now

Kourou
(5°14' 21 "N
52°46'06"W)
18 000 kg to
550 km,
28.5° orbit
Now

Tanegashima
(30°23'50" N
130°58' 47E)
17 000 kg to
300 km,
30.4° orbit
2002

US$66M

US$36M

US$ 100M

US$ 115M

NIA

19 685

20 555

13 572

H-IIAc

($/kg)b
aRough Order of Magrutude
~eferences for the unit payload price for Soyuz U!Progress M, Ariane 5/ATV and H-IIAIIITV., Solari
(Arianespace); NASDA, Yoshimasa; and Encyclopedia Astronautica, Tolyarenko respectively.
c212/5S version.

Furthermore, there are several factors related to ISS launch frequency. From the
supply side, the launch vehicle manufacturers need a certain amount of time to
manufacture the launch vehicles. The lead-time has to be considered when scheduling
any launch for the utilisation of the ISS. Availability of launch and other logistic
support facilities also needs to be co-ordinated and scheduled so that any conflict will
not substantially delay the launch.
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8

Summary

This chapter has addressed the technical issues, with respect to their impact on
commercial utilisation of the ISS. The potential constraints with respect to
commercialisation have been identified and solutions are suggested. Furthermore,
recommendations are made for future directions of development activities. The
present accommodations, resources and crew time of the ISS were analysed from the
point of view of user requirements, to accommodate and provide the necessary
environment for commercial activities. However, the potential conflict of sharing such
resources is foreseen. Although, technical solutions, such as developing new facilities,
are possible, they are costly. Stringent co-ordination among users can alleviate some
constraints.
Concerning the limited crew time available for commercial applications, the situation
can only be improved by the intense use of advanced robotic systems. New advanced
systems should increase the autonomy of such systems.
Safety requirements imposed on a commercial user might be a major constraint for the
user. Intelligent, robust and automated equipment and systems are suggested to avoid
potential dangers.
Quality Control and Assurance is an important responsibility of the users that can
seriously hinder commercial activities. A close interaction between the user and the
space industry, would greatly resolve this problem. It is anticipated that the desire for
commercialisation on the part of some of the ISS Partners will result in easing of
technical constraints for commercial users.
The most important issue is access to the ISS. For commercial users, access to the ISS
is critical from different aspects. Frequency of access to the ISS, payload capabilities
of launch vehicles, payload configuration, frequent product return and very high
launch mission costs, are some crucial aspects. Although easy technical solutions are
not available, the use of appropriate flight scheduling, maximum launch payload
scheduling and open competition in the market could benefit the commercial user
today.
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CHAPTER THREE:
BUSINESS AND MANAGEMENT
1

Introduction

When purchasing a product or service, there are several questions that the buyer should consider:
•
•
•
•
•
•
•
•

Where can the product or service be purchased?
Which ofthe many selling locations should be chosen?
How can the chosen location, where the product or service can be purchased, be reached?
When is the store open for business?
Once at the store, which sales person can best explain variants of the product or service?
How much does the product or service cost?
Who receives payment for the product or service?
Can the experts provide information on which kind of product or service is best for the desired
purpose?

A potential customer of the ISS needs to know the answers to these questions. If a customer
doesn't have the answers, and doesn't know where to get the answers, the needs of the customer
will go unfulfilled. Therefore, lack of information, or lack of answers, creates a severe constraint
to purchasing a desired item. In the case of the ISS, a constraint to the commercialisation of a new
product or service is caused by this lack of easily obtainable information. A number of constraints
to the commercialisation of the ISS have been identified:
•
•
•
•
•
•
•
•

Between the five Partners, there has been no collective attempt to co-ordinate ISS
commercialisation efforts;
Potential commercial users know very little about ISS capabilities (accommodations,
resources and crew time) and ISS benefits;
There are competitors to the ISS, which are often better known and understood;
There is no clear pricing strategy for the ISS;
There is very little strategy implemented to market the ISS to potential commercial users on
the part of the Partner space agencies;
The length oftime to get a payload to space is generally very long;
Commercialisation guidelines are not clear (e.g. who gets priority? What are the payload
criteria?);
Possible conflicts exist within the Partners' commercialisation plans.

This chapter proposes several solutions to ease these constraints to ISS commercialisation. Firstly,
a proposal for a single ISS co-ordinating body is presented: the Unified Management Company
(UM Co.). Secondly, marketing strategies are suggested to build awareness of the ISS and to
generate customers, through the proposed UM Co. Finally, financial concepts are discussed, and
a tool to help determine costs for users of the ISS is presented, as well as strategies to finance a
business venture onboard the ISS. The suggestions here should prove beneficial to any potential
commercial user of the ISS and will be illustrated through application in the case studies of Part
Two of this report.
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2

Management

A major hurdle for the commercialisation of the ISS is the huge number of legal, operational,
technical and regulatory requirements to be met in order to get a payload onboard of the ISS. This
is especially true for commercial projects. To a certain extent, all these issues together might
weigh even more than the extraordinary cost of a space venture. Furthermore, the political issues
concerning the multinational nature of the ISS (discussed in Chapter One) provide a major
hindrance to the management ofiSS commercialisation.
In response to this hindrance, the UM Co. is proposed, which will be a single point of contact to
answer the questions and fulfil the needs of commercial users of the ISS. Before addressing the
role and implementation ofthe UM Co., it is useful to briefly examine the existing situation with
respect to the management of commercial activities onboard the ISS.

2.1 Existing Management Structure
Each of the five ISS Partners represents a different commercial marketplace. After reviewing the
different views of the Partners in Chapter One, it becomes clear that these marketplaces do not
have the same commercial focus. It is also unclear what the procedures are for a potential
commercial user to gain access to the ISS.
Managing across five governmental organisations is not an easy task, particularly for a project
such as the ISS. The Partners have agreed to develop commercialisation strategies; however, the
process is still not defined to date.
A very brief synopsis of the current ISS management structure is addressed here, but more
detailed information regarding ISS management can be found in the User's Overview.
2.1.1 Current ISS Management Structure for Operations and Utilisation
The Partners intend to manage the ISS through the Multilateral Coordination Board (MCB). The
MCB has the task of ensuring co-ordination of the Partners relating to the operation and utilisation
of the ISS, either periodically over the lifetime of the program or promptly at the request of any
Partner. It is made up of representatives of all the Partners, with the NASA representative as the
chairperson. The Partners have agreed that all MCB decisions should be made by consensus.
Where consensus cannot be achieved on any specific issue within the scope of the MCB or within
the required time, the chairperson (NASA) is authorised to take decisions, subject to a dispute
resolution procedure set out in the agreements.

The MCB has established three panels, two of which are responsible for the long-term strategic
co-ordination of the operation and utilisation of the ISS, including support services such as
transportation and communications. The third was created by the MCB for the co-ordination of
crew related issues. Respectively, these three panels are:
•
•
•

System Operations Panel (SOP);
User Operations Panel (UOP);
Multilateral Crew Operations Panel (MCOP)

The Systems Operations Panel (SOP)
The MCB established the SOP to co-ordinate strategic-level operations activities and operations
planning activities. The SOP will comprise one representative from each ISS Partner and
decisions will be taken by consensus. In the event of failure to reach consensus on any issue, the

74

Chapter Three: Business and Management

issue will be forwarded to the MCB for resolution. The SOP will develop, approve and maintain
an Operations Management Plan (OMP) for the operation, maintenance and refurbishment of
logistics for the ISS.
The Utilisation Operations Panel (UOP)
The UOP will develop, approve and maintain the Utilisation Management Plan (UMP), which will
describe relationships among the strategic, tactical, and execution levels of utilisation
management. The UMP will also establish processes for utilisation of ISS elements, including the
user support centres and other ISS unique ground elements provided by all the Partners, consistent
with multi-increment manifests for the ISS to implement the Consolidated Operations and
Utilisation Plan (COUP) 13 . These manifests will implement launch and return transportation
agreements, documented in the COUP, and include vehicle access, assembly activities, logistics
and crew exchange. In addition to the COUP, multi-increment manifests, ISS assembly and
operational requirements, and payload integration, documentation will be used to develop the
Increment Definition Requirements Document (IDRD). The plans and requirements of the IDRD
are controlled by the integrated tactical operations organisation and are brought to a baseline two
years prior to increment start.
Utilisation Plan for the Space Station
On an annual basis, five years in advance, each Partner will develop their Utilisation Plan for:

•
•
•

All proposed uses of their own allocation of ISS user accommodations and utilisation
resources;
The use of their right to obtain launch and return transportation services and data transmission
capacity;
All proposed uses of unallocated ISS utilisation resources and ISS unique ground elements.

Each Partner will satisfy the requirements of its users for storage within the user accommodations
available to that Partner, with the exception of temporary on-orbit storage in the logistics carriers,
in which user equipment is launched or returned to Earth, as specified in the applicable IDRD.
Each of the Partners will prioritise and propose appropriate schedules for the user activities in its
Utilisation Plan, including the use of user support centres and other ISS unique ground elements
to support the utilisation of the flight elements. These individual Utilisation Plans will take into
consideration all factors necessary to ensure successful implementation of the user activities,
including any relevant information regarding crew skills and special requirements associated with
the proposed payloads. NASA, ESA, the Government of Japan (GOJ), and CSA will participate in
discharging the responsibilities of the Payload Operations Integration Center (POIC). The POIC,
established and managed by NASA, will be responsible for the following integrated functions of
the ISS:
•
•
•

Overall integration of the planning of user activities on the ISS;
Overall management and co-ordination of the execution ofuser activities on the ISS;
Interaction with the Space Station Control Center (SSCC), in order to co-ordinate user
activities with systems operations activities.

13
The responsibilities and relationship between the 2 main panels is contained in a charter. The MCB approves, on an annual basis, a
Consolidated Operations and Utilisation Plan (COUP) for the ISS which is made up of two elements:
(a)
(b)

The a!Ulual Composite Operations Plan (COP)
The a!Ulual Composite Utilisation Plan (CUP).

It is the responsibility of the SOP and the UOP to prepare the COUP, which is then approved by the MCB
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This management structure suffers from some major flaws. One is the "hub and spoke" design,
which forces any Partner to achieve consensus with the other Partners for activities onboard the
ISS and makes them all subject to NASA's governance. Another is the myriad working groups
that all have a small part in the decision making process. A third is the lack of a system to handle
commercial users. Finally, from a purely commercial point of view, there is an excessive number
of links between a potential commercial user and the various ISS management bodies.
2.1.2 Steps to Putting a Business on the ISS under Current Conditions
The ISS Partners currently do not have a joint commercialisation plan and some do not even have
an individual commercialisation plan. The result is that a private company would have to get
onboard the ISS through one of the Partner space agencies. For a company that has a full business
plan, there are currently two steps that need to be followed to get onboard of the ISS.

•

Step 1: Due to the lack of a central body to control all commercialisation projects for the ISS,
a private company would have to decide upon which agency or agencies to approach with its
idea. The decision of which agency to use would depend on the scope of the project, a
technical assessment of the project (e.g. level of microgravity required, location on the ISS,
facilities and resources required) as well as the commercialisation policies and legal issues of
going through a given agency. Furthermore, there could be other financial, political or even
cultural reasons for choosing one of the Partner space agencies, such as language, customs or
nationality;
• Step 2: Once a company has decided upon an agency, through which it will access the ISS, the
appropriate office within that agency should be contacted. From this point on, the procedures
that need to be followed within the various agencies vary and are not always well defined. As
·a result, each agency will be considered separately below.
2. 1.2.1 NASA
Procedure
For the US National Aeronautics and Space Administration (NASA), the specific steps which
companies have to undertake to access the ISS either have not yet been developed or have not yet
been publicly announced. From information obtained on the space commercialisation policy of
NASA, the company should contact the commercial research division or the commercial space
centres, which are designed to facilitate access ofUS companies to space (NASA, 1998).

The current procedure to access space (via the US Space Shuttle) is to form a partnership with a
specific commercial space centre, which represents government, universities and industry. There
are several commercial space centres throughout the US, each one dealing with a specific area of
space research. A list of these space centres and their field of research can be found on the
Internet.
For an industry to form one of these partnerships, they need to meet the following five criteria:
•
•
•
•
•

Technology readiness;
Business plans, market assessment and evidence of significant commercial resources at risk;
Space flight requirements;
Funding availability for product;
International collaboration.
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This partnership may not be the best solution for a private company, and probably is not a
requirement for access to the ISS, although this has not been clearly stated in the explanation of
how the commercial space centres work. This system seems to imply that the industry would be
involved with these partnerships from the ground based research stage. As a result, no idea of how
long it would take for a company that simply wishes to fly a space venture could be found .
Cost
The cost of participation in such a partnership is not specifically mentioned, only that industry
must support these centres with cash and in-kind contributions.
Peculiarities of NASA
The main advantage ofNASA is that it is the biggest and most influential Partner space agency. If
NASA decides to accept the project, there is a greater chance that it will get on the ISS. Another
benefit of this is that they have access to most of the accommodations, resources, and crew time
on the ISS, making it simpler to use the facilities allocated to the project. One question that is not
clear is whether only US companies will be able to deal with NASA. The commercial space
centres are "designed to facilitate US access to space" (NASA, 1998) and at the same time one of
the requirements is that the projects have international collaboration. This seems to imply that an
international company could go through NASA if they were collaborating with a US company.
Conclusions
For any big commercial project, NASA currently seems to be the only avenue to the ISS. The
Russian segment may be another avenue, but this has not clearly been shown to date. NASA
would probably be the easiest route to the ISS for companies from non-Partner nations, through
collaboration with US companies that require more resources than are otherwise available through
the other agencies.

2.1.2.2 RSA
Procedure
There is a general lack of information on the plans of the Russian Space Agency (RSA) to
commercialise the ISS. From their efforts to commercialise the Mir space station, it is believed
that the RSA will be very interested in commercialising their utilisation of the ISS. In the case of
the space station Mir, a commercial user would first need to approach Rocket Space Corporation
Energia, the design bureau which conducts the development, testing and operations of scientific
equipment for space. We believe a similar procedure would be followed for the ISS. There is a
brochure covering all the space products and services currently offered by the Russians on the
Internet (Rocket Space Corporation Energia, 1999).
Cost
Due to the economic situation in Russia, the RSA will be looking to at least cover its costs,
emphasising those commercialisation projects with the highest moneymaking potential.
Peculiarities ofRSA
The Russians have a large percentage of the accommodations, resources and crew time of the ISS,
most of which may be available for commercial utilisation. The Russian segment has a different
standard configuration for experiments, which could cause problems for commercial applications
designed for US facilities.
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Conclusions
The RSA has previous experience with commercialisation of a space station and probably have
the simplest route to the ISS when the company is willing to pay.

2.1.2.3 NASDA
Procedure
The National Space and Development Agency (NASDA) of Japan does not specifically have a
commercialisation plan, although there is a program in place to allow industrial projects on the
ISS. A Japanese company wishing to do industrial space research would first apply to the Pilot
Applied Research Project. The company would submit their proposal to this project. A review
board would evaluate the idea, decide whether to accept it, determine the details of the experiment
and determine how much of the cost would be shared with the company. This process generally
takes several months.
Cost
The review board decides how much the company will have to pay, although the government will
cover most of the costs.
Peculiarities ofNASDA
The biggest limitation is that this program is for Japanese companies only. The research
performed must use space to improve ground production processes.
Conclusion
NASDA currently does not have a specific commercialisation plan; it will be developed in the
future. As a result, non-Japanese commercial users cannot gain access to the ISS through
NASDA.

2.1.2.4 ESA
The European Space Agency (ESA) is now actively looking at industrialisation and pricing
strategies for the European utilisation of the ISS .
Procedure
For ESA, a company would need to contact the information centre for users at the European
Science and Technology Centre (ESTEC) and submit their proposal to the European Utilisation
Board (EUB). The proposal will not need to undergo any merit evaluations and will have full
protection of intellectual property rights. The idea will then go through the Manned Space
Programme Board and eventually through the Partner utilisation plan to be co-ordinated at the
international level.
Cost
Commercial users from a company belonging to an ESA member state participating in the ISS
program will pay the development costs of the experiment in part, or totally, and will not have to
pay for the flight costs. A company from a country that is not an ESA member state participating
in the ISS program will be allowed access to the ISS through ESA, but will have to pay the full
cost ofthe experiments as well as the flight costs (ESA, 1999). Specific prices have either not yet
been determined or have not yet been made public.
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Peculiarities of ESA
ESA' s main goal is science, with no mandate to commercialise utilisation of the ISS. The
"utilisation return" policy of the ESA member states would give priority to a project according to
its scientific, technological and industrial merit (although this seems to contradict the idea of no
merit evaluation). A company from a non-ESA member state can get access to the ISS simply by
paying the cost of the mission, including flight costs, and getting ESA to obtain the appropriate
agreements with the ISS Partners.
Conclusions
The customers who will benefit most from commercialisation of the ISS through ESA would be
companies that belong to an ESA member state participating in the ISS program.

2.1.2.5 CSA
Procedure
In order to go through the Canadian Space Agency (CSA), the office of ISS Commercialisation
should be contacted. There is only one office, and so when contacting the CSA with a business
plan for utilisation of the ISS, this is where a potential user would be referred. The user would
propose his or her idea, including the full business plan, which would then be evaluated by a
review board to determine if the CSA would accept the idea. The amount of time required for the
review board to make a decision on the proposal is currently undefined, but it may take a
minimum of at least several months.
Cost
The CSA is not seeking to recoup its infrastructure costs through commercialisation, but only to
subsidise its operating costs for the ISS. The result of this is that there is no specified pricing
policy. In other words, offers will be considered on a case-by-case basis.
Peculiarities of CSA
One major limitation of the CSA is its limited accommodations, resources and crew time on the
ISS. A large project may require more resources than available and would have to be co-ordinated
with other agencies. One goal of the CSA in commercialising a part of its utilisation of the ISS is
to strengthen Canadian industry. As a result, non-Canadian companies are welcome but must have
a Canadian partner company involved in the project. A consideration is that the CSA does not
have its own module, and therefore political and legal questions may arise.
Conclusions
Due to the small level of utilisation of the overall ISS, the CSA has a small infrastructure for
commercialisation. This results in the most straightforward procedure of all of the Partner
agencies to get onto the ISS, although this is only possible for a commercial project of sufficiently
small scope.

2.1.2.6 Conclusion
The current system for getting a commercial project on the ISS is quite complicated. It is set up
not to give the best solution to the customer, but to make it the best system for the Partner agency.
Although the agencies are the ones currently investing the money, they will continue to be the
only ones investing money if they do not make access to the ISS more customer-friendly. The
current system leaves a lot of questions unanswered that could stop a potential commercial user
from determining if his or her idea is commercially viable.
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2.2 The Unified Management Company (UM Co.)
The Unified Management Company (UM Co.) proposal presented here is meant to represent an
innovative management approach to the commercialisation of the ISS, while taking into account
the current legal and organisational framework (discussed in Chapter One). The UM Co. proposal
is based on the assumption that a major international political and economic push materialises to
boost commercial management of the ISS beyond the current national plans. More importantly,
there must be the political will on the part of the Partners to support the proposed company. It is
imperative that the Partners have a sound support for the company, whose absolute priority (after
meeting the safety standards and requirements imposed by the Partner space agencies and other
payloads of the ISS) is meeting the needs of the commercial customers.
With the differing commercialisation goals of the Partners in mind, a governmental management
structure created to promote commercialisation of the ISS globally will have difficulty coordinating the interests and priorities of each Partner. The Unified Management Company will
allow for national bodies, both in existence and planned, to remain. The UM Co. would be the link
between these national bodies and the commercial users. Moreover, the UM Co. will provide its
services to customers ofiSS Partner states and of non-Partner states alike.
The UM Co. is needed as soon as possible. It would be most beneficial before the
commercialisation period begins, as it will allow for companies to plan in advance of the actual
availability of the ISS. Implementing this company as soon as possible will aid in attracting
commercial interest in the ISS, since it will enable commercial industry to see that its interests are
protected.
The proposed UM Co. is not supposed to replace existing private companies trying to facilitate
access to microgravity research facilities, such as IT A, Novespace, INTO Space and Spacehab. Its
task is exclusively geared towards commercial initiatives, whereas the existing companies are
dealing mostly with scientific projects.
The following section will address the products and services of the UM Co. In subsequent
sections, an attempt is made to illustrate the process leading to the establishment of this company,
to address its composition and functioning, and to highlight the UM Co.'s strengths and
advantages over the current situation. A brief analysis is also carried out, both from the standpoint
of the space agencies and the perspective of a private company, identifying the open issues of the
UMCo.

2.2.1 Defining the Role of the UM Co.
The Unified Management Company will be the interface between the Partner space agencies and
the commercial customers. As such, the UM Co. will have two main roles:
•
•

To any potential commercial user, it will provide value added services and, if need be,
software and hardware;
For the ISS Partners, it will ensure the promotion of commercial utilisation of the ISS.

Thus, it will serve both governmental organisations and private entities by bringing about a sound
understanding of the needs of both parties.
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The services provided by the UM Co. to the Partner space agencies are:
•

To take over promotional activities of ISS commercial capabilities, allowing the Partners to
focus on non-commercial science and technology payloads;

•

To remove the space agencies' involvement in the selection of commercial projects, for which
they might have varied priorities;
To purchase allocated commercial accommodations, resources and crew time, on behalf of the
commercial users;
To assure the compatibility of the selected projects with other ISS payloads and safety
requirements;
To be the point of contact for the ISS management of all commercial projects onboard of the
ISS.

•
•
•

The services provided by the UM Co. to commercial users are:
•
•
•
•
•

To promote ISS commercial opportunities to the business community;
To provide consulting services to any potential commercial customers;
To assure the successful implementation of selected projects, from the conception and
planning phase through physical integration, in-orbit testing and final delivery to the customer;
To sell tailored packages for utilisation of ISS accommodations, resources and crew time to
customers;
To act as facilitator or consultant for all activities instrumental to the success of the project,
such as advising on regulatory issues and on financing and marketing strategies.

On behalf of the commercial customers of the ISS, the UM Co. performs two different types of
services. These can be categorised as inward and outward looking activities (refer to Figure 3.1).
Inward looking activities
These deal with the ISS system as a whole, such as planning and scheduling, compliance with
legal and operational rules and regulations, hardware requirements, testing and integration. They
concern all the interfacing and co-ordinating tasks related to the selection, implementation,
integration and validation of commercial projects, while co-ordinating with the planned or
existing ISS management bodies. This activity is project-driven, releasing the customer from most
of the requirements and follow-up activities related to putting a payload onboard the ISS. In this
phase, the UM Co. can provide software and/or hardware needed for the selected project.
Outward looking activities
These are instrumental to the successful implementation of the selected project but which do not
directly stem from the requirements of the ISS. As a result, they may vary considerably according
to the nationality of the user or the nature of the project. Some examples of outward looking
activities are:

•
•
•

Consulting on how to implement the project most efficiently;
Dealing with government, customs, and regulatory authorities, on behalf of the customer;
Advising on financing and marketing strategies.
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Figure 3.1. Single Interface Company - Inward and Outward Looking

However, it should be noted that the UM Co. will find itself at the focus of tensions between users
and the ISS Management Bodies when there is an imbalance between offer and demand of
resources for commercial purposes.

2.2.2 Establishment of the UM Co.
The Unified Management Company will be a multinational private company incorporated in one
of the Partner States. Its primary objective is to bridge the gap between the Partner states and
business investors. It is foreseen that since the Company will only come into existence with the
will of the Partner space agencies, and industry, at first the company will exist as an exclusive
service provider. In order to maximise revenue, or for other reasons such as international
competition or lack of representation, space agencies and other governmental actors might find it
favourable to set up a second "management company". Another reason might be to maximise
profit, or "cost recovery", by space agencies insofar as two companies will then be competing for
the ISS, thereby pushing up their prices. However, within the scope of this document, the UM Co.
is defined as having exclusive rights to managing commercial projects.
In order for such a company to operate effectively and profitably, there are some prerequisites that
need to be met, the most important of which are:
•

A commitment by the space agencies to leave business development to a separate private
entity, as well as their commitment to devote part of the ISS resources to commercial
·utilisation;
• A legal framework by which the company is given a relative freedom as far as selecting
customers regardless of their nationality.
Commitment of the Partner Space Agencies
The establishment of the Unified Management Company is probably the most challenging step, as
it assumes a strong common political push by all Partners to delegate to a single private entity the
exclusive utilisation rights to accommodations, resources and crew time devoted to ISS
commercial projects. There is a clear interest among some of the Partners (see Table 1.2 of
Chapter One) to generate revenue streams from the ISS, that can only be guaranteed if a
significant percentage of the ISS resources are devoted to commercial users. It is also necessary
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that the UM Co. be a clear and business-minded entity in order to bring business onboard the ISS.
The manner in which this can be achieved is discussed in the following section.
Legal Framework of the Unified Management Company
A single organisation, responding to customers in a client-service oriented manner and endowed
with the suitable financial and legal instruments, could greatly enhance commercialisation of the
ISS.

In concept, the UM Co. is similar to the NGO of NASA as far as co-ordinating the commercial
space agendas of the Partners. However, it has a customer-oriented focus, similar to the private
company Spacehab Inc., who provides habitable modules and logistics facilities for research and
ISS supply services on the U.S. space shuttle. The objective of the UM Co. is to create an
international co-ordination body whose co-ordination activities are invisible to the customer. A
framework contract, in the form of an MOU needs to be drafted in order to establish an agreement
among all the Partners to allow the UM Co. to take over these activities and to have exclusive
rights to commercially allocated accommodations, resources, and crew time.
The first step to achieving this goal is initiating talks between the Partners, in order to draft the
framework contract, allowing the proposed company to take on the role discussed thus far.
All the projects have to comply with the overall legal provisions governing the exploitation of
outer space, notably the "peaceful purpose" principle. Apart from this generally accepted
international principle, the company should be free to serve any kind of business, irrespective of
the nationality of the customer. In order to achieve this, a specific provision will have to be
included into the framework contract. The provision will eliminate the cumbersome notification
and consensus procedure for entities of non-Partner states as provided for by Article 9 of the 1998
IGA. The contract should also address any other gaps in the existing ISS legal instruments of the
IGA and MOUs.
In addition to the framework contract discussed above, which could take the form of an MOU, a
parallel legal contract between the UM Co. and its customers also needs to be created. In order to
avoid a conflict of law, the framework contract will state the applicable law, adopting one of the
solutions suggested in Chapter One.
The agreement will oblige the parties to take out insurance to mitigate first party, third party and
product liability claims that may arise from damages caused under the five exceptions to the broad
cross-waiver provisions in the 1998 IGA, regarding protected space operations. The insurance
underwriter, upon whom the ultimate responsibility of bearing the premiums will fall, will be
subject to negotiation.
Because the 1998 IGA provides for a cross-waiver of liability for Partners and their related
entities, losses are accepted by all the Partners, and they are not held responsible for liability
claims. However, commercial users who necessarily fit in this legal scheme have to deal with the
five exceptions discussed in Chapter One, and will therefore need to be protected by one of three
methods:
•
•
•

A Partner is willing to accept responsibility for damage caused by or to a commercial user;
The commercial user is covered by some sort of insurance policy;
The commercial user is covered partially or fully by some government bond, and
responsible for damages above and beyond the amount ofthis bond.
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For the first method, the Partners would just have to accept risk on behalf of commercial users.
The second method would entail a new insurance product, and could entail the creation of an
entirely new insurance industry. There is no precedent for this. Flights on the US space shuttle, for
example, do not need to be insured, probably because of its proven flight record and the
application of the United States Commercial Space Transportation Act of 1984. This is not the
case with the ISS. This new industry opportunity may be beneficial for some new entrepreneurial
insurance company, but the potential liability claims would require a significant investment by
this new company, as well as significant risk
Lastly, in the third method, a bond established by the Partners to subsidise liability insurance
could encourage both commercial users and the formation of a space activity insurance industry.
However, this would be another example of the government paying for the development of
commercialisation, which may not be the best use of resources.
This contract will also determine responsibility for issues such as:
•
•

Agreements with launch operators;
The protection ofiPRs, and jurisdiction over space objects and their registration in accordance
with the Registration Convention.

Composition of the Shareholders
The framework contract would be the basis for the following step: the invitation to tender to take
over the business of promoting and implementing commercial utilisation and any related service.
The Partners should invite their most prominent industrial actors, notably in the aerospace sector,
to create an international consortium to bid for the tender because they have the expertise and the
financial strength. The international consortium should be organised in such a manner that the
following points are taken into account:

•
•

The representation of all the Partners through one or more industrial actors;
The legal status to be decided on the basis of the most efficient system, accounting for such
variables as tax regime, legal protection, and corporate governance rules. With regard to a tax
regime the Partners should take rapid steps to declare the ISS a free trade zone and to avoid a
confusion of national tax laws (as is the current situation with IPRs) and export control
matters.

One or more competing "international consortia" could be organised to respond to the tender.
Selection criteria to award the framework contract can be:
•
•
•
•
•
•
•

Industrial organisation;
Financial strength;
Existing portfolio of commercial projects, if any;
Expertise;
Management structure;
Industrial variety;
Representation of the Partners.

The selected international consortium will form the core of the Unified Management Company.
Regarding the composition of the shareholders, this will ideally include, for each ISS Partner,
major aerospace companies, primary industrial companies from the most varied sectors (such as
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manufacturing, chemical and entertainment sectors), as well as banking and service institutions.
This diversified composition should guarantee to the company the financial strength and expertise
required to deal with the management of commercial payloads onboard of the ISS. The consortia
should be organised such that the aerospace and high technology companies can be the active
managers, since they have the qualified personnel resources, and the financial institutions should
be "silent partners".
Role of the Partner Space Agencies
Another primary step for the space agencies is to clearly identify all of the accommodations,
resources and crew time they intend to devote to commercial utilisation in any given planning
period. Once identified, the commercially allocated accommodations, resources and crew time 14
of all the Partners should be pooled together and the UM Co. should be invited to bid for the
utilisation rights. The UM Co. will bid on the accommodations, resources and crew time that meet
the needs of its customer. Since the UM Co. will have exclusive rights, the bid will end up in
direct negotiations between the space agencies and the UM Co. An auction can only be envisaged
if two or more companies of that nature are allowed to exist on the market, which as mentioned is
not discussed in this proposal. Resources that are not sold to the UM Co. for commercial usage
will either be purchased in the future as new customers are attracted or should be redirected
towards scientific programs. It should be possible for the company to sell some of its non-utilised
accommodations, resources and crew time back to the space agencies at a loss or buy more
resources if available.

As mentioned, the UM Co. will only bid up to a price that they think can be recovered, with some
profit, from the potential customers. As the ISS accommodations, resources and crew time are not
the only "products" the company is marketing, the profit to be made on these will be limited. The
profit will be made predominantly on the value-added services the company provides, such as
marketing and consulting on financing strategies. In this regard, the framework contract between
the space agencies and the UM Co. should give the company the exclusive rights to the resources
devoted to commercial use.
Once the UM Co. acquires the utilisation rights for the resources devoted to commercial users, it
will become the "sixth" virtual Partner, as far as planning and scheduling is concerned. However,
at this stage, it is not envisioned that the ISS operations be taken over by the company.
As seen, space agencies still have a crucial role in easing the establishment of such an entity.
More concretely, they could also provide "seed money" or take up a limited share in the new
company to establish their commitment without being able to affect the management. Other
government incentives to promote ISS Commercialisation are discussed later in this chapter.
2.2.2.1 The UM Co. functions
The UM functions can be executed through a simple organisation with a small and dedicated
group of knowledgeable people, that interact strongly with the ISS partners and the commercial
users. The organisational chart is shown in figure 3.2 and the overview of the functions carried
by the UM Co. organisational units follow the organisation chart.

14

See Chapter One for a discussion of these three factors.
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2.2.2.2 The UM Organisational Chart
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Figure 3.2. Proposed UM Organisational Chart

2.2.2.3 The functions of the UM organisational unit
This section provides a short description of the functions and responsibility of the units shown in
figure 3.2.

UM Board ofDirectors (UM BOD)
The UM BOD is responsible for reviewing and approving the strategic plan of the UM Co., the
nomination of senior officers and for ensuring proper representation by the user community
world-wide and the ISS Partners. It will also review and approve major activities of the UM Co.
To maximise interaction between the all concerned parties interested in the commercialisation of
the ISS, the UM Co. BOD will consists of the following membership:
•
•
•

One director from each ISS Partners States (5 in total);
Ten directors from the commercial user community world-wide (5 from Partners States);
Four officers of the UM (The President & CEO, the heads of the following units: Business
Development, Allocation & Resources Management, and one Regional Office).

The Chair of the Board will be a representative of the commercial user community to ensure that
their interest are represented at the highest level in the direction of the UM Co.
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The President and CEO
The President and CEO of the UM Co. is responsible for the implementation of the strategic plan
and overall operations, in accordance with the directives emanating from the UM BOD.
Legal Counsel Services
This unit is responsible for overall legal and political issues affecting UM Co. and its customers.
Their unit is responsible to advise clients on specific provisions related to the protection of
intellectual property of payloads and activities onboard the ISS. They review the provisions of the
governmental Partner to ensure customers awareness of all the national legislation pertaining to
potential technology transfer issues. They advise ISS commercial users about the requirement and
applications for all liability risks and all necessary insurance coverage.
Business and Marketing Services
The Business and Marketing Services will be responsible for the overall business strategy and
marketing activities of the UM Co. The unit will co-ordinate the business activities with current
and potential commercial users, and be responsible to develop and implement the overall business
strategy of the UM Co. It will also act as the entry point of the UM Co. and counsel clients
wishing to know more about the potential of the ISS for their activities. It will supervise, develop
and implement marketing and communications strategy and tools of resource packages for
targeted ISS commercial users. Finally, it will be responsible for evaluating and recommending
alternative investments, and developing finance strategy for selected customers. The regional
offices are mainly marketing and business units in Partner and non-partner states that promote ISS
commercial opportunities to the business community.
Allocation and Resources Management Services
The unit will be responsible for the overall management and supervision of UM Co. functions
related to the allocation of accommodation, resources and crew-time onboard the ISS to
commercial users. They will advise customers on the microgravity schedule for their activities
onboard the ISS, and be responsible to evaluate the client's payload compatibility with the ISS
safety and standards. They will further be tasked with an important activity: Operation Planning.
In this activity, they will be responsible to review, purchase and manage efficiently the ISS
resources such as communication, power available and crew time of the different client payloads
sold by the ISS Partners. They also have to ensure co-ordination with non-commercial ISS
payloads. As such, a strong interaction on the part of this group with the ISS Partners will be
required.

2.2.3 One-stop Shop Concept of the UM Co.
The concept of the Unified Management Company is based on the "one-stop shop" principle that
is being discussed extensively in many business sectors, such as satellite telecommunications in
Europe, where regulatory and international issues create hurdles to the establishment of business.
The situation in Europe for licensing satellite services is such that any subject wanting to establish
a satellite-based system has to file a license request in each European country. Moreover, each
country in Europe has its own regulation, licensing fees, authority and so on. This has been
regarded as one of the obstacles to the establishment of satellite based services in Europe.
Consequently, this situation also affects the industry in this sector and its worldwide
competitiveness. Presently, the idea exists of setting up a European authority similar to the US
Federal Communications Commission (FCC), which would be a "one-stop shop" with regard to
all European countries. By analogy, the UM Co. will be the "one-stop shop" for commercial users
wanting to purchase accommodations, resources and/or crew time.
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The proposed management structure will enable easier access by commercial industry to the ISS.
In order for the space agencies to commercialise their selected portions of the ISS, they need to
have a user-friendly interface that would make the ISS readily approachable for potential
commercial users. With the advent of a company that can represent the commercial user to the
space agencies, the users themselves will have fewer barriers and less bureaucracy to face . At the
same time, the space agencies will be able to deal with one company that is well equipped to bring
Earth-based companies into space activities. Thus, this one-stop shop will create the user-friendly
interface that the agencies need (Figure 3.3).
As a "one-stop shop", the UM Co. becomes even more user-friendly. Potential commercial users
will know who to go to if they want to utilise the ISS. Furthermore, these users can access one
company who will deal with most of their needs. Companies who do not have any previous
experience in space will find this one-stop shop especially appealing. They will not have to worry
about the details such as drawer or rack space, available power, or the priority of their venture in
terms of accommodations, resources, and crew time, but instead they can focus on their own
business plans. The UM Co. will interface as a representative for the users, settling all these
details for them. It should become clear that the UM Co. increases the potential for ISS
commercialisation.

2.2.4 Co-ordinating Commercialisation Internationally
Since the commercialisation visions of the Partners are different, and since the technological and
financial capabilities of countries differ around the world, the needs of potential customers will
need to be co-ordinated internationally. For example, suppose the US. decides to allow a portion
of its module to be commercialised into a satellite-servicing centre by an American satellite
manufacturing company. At the same time, suppose that the Japan Science and Technology
Corporation (JST) had decided to help a Japanese biotechnology company investigate the
development of a protein crystal growth facility onboard the Japanese module of the ISS. Without
co-ordination, these two commercial companies may have access to ISS simultaneously. As a
result, the microgravity conditions required to test protein crystallisation facilities and
comparative technologies will be disrupted by the satellite-servicing centre. The existing
government structures allow for discussions to co-ordinate these international efforts, but this is
not the most time-efficient or economically efficient way of co-ordinating. One business, the UM
Co., that deals with the international co-ordination on a day-to-day basis, will be much more
effective and competent at dealing with issues expeditiously, by being less bureaucratic for
example. The proposed UM Co. is thus beneficial as it allows for swift cross-regulation and
organisation of commercial ventures on an international scale. This will improve the management
of ISS Commercialisation.
2.2.5 Project Definition Phases of the UM Co.
One of the most sensitive tasks that the UM Co. has to address is establishing the project
definition phases for the selection of commercial projects. This task should be entirely the
company' s responsibility, while complying with the safety standards and payload requirements of
other ISS payloads. Potential customers that approach the company will be guided through the
project definition process.
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Project Definition Phase
Detailed outline of the project
Analysis of project requirements with respect to
the ISS environment and any other applicable
ISSUe
Assessment of project' s technical feasibility and
cost estimate
Analysis of potential market and forecast of
revenue stream- break-even analysis
Final decision on project feasibility

Responsibility
Customer
UMCo.

UMCo.
Joint
Customer' s decision with UM Co.'s advice

The proposed management structure provides an intermediate step in the link between commercial
users and the ISS. The above criteria can be best appreciated by examining them in a three-step
process:
•

•

•

Step One: The commercial user approaches the UM Co. with an idea for a commercial venture
it would like to pursue, onboard the ISS. This step is illustrated in the case studies, examined
in Part Two;
Step Two: The UM Co. analyses the risks and potential benefits associated with pursuing this
venture. If the business venture is not sound and would create too much risk (e.g. technical,
cost, schedule) on behalf of the UM Co., it may choose to tum this venture down;
Step Three: If the business venture is sound and has potential, the UM Co. will co-ordinate the
business venture into the commercialisation schedule of events, which is also the
responsibility of the management company. Co-ordination lowers the risk of the commercial
project, as well as the time a user would need to access the ISS Partners directly. Likewise, it
lowers the risk to the space agencies and their time needed to invest in the research and
identification of prospective commercial users. Therefore, the needs of both the users and the
ISS Partners will be realised.

2.2.6 Identified Open Issues of the UM Co.
Due to its innovative and forward-looking nature, the UM Co. proposal presents some open issues
that are addressed in the following section.
ISS Partner Attitudes
As mentioned previously, the major assumption on which the company is based is that the will of
the Partners materialise, giving the UM Co. exclusive rights to the management of commercial
proposals. Onboard accommodations, resources and crew time of each Partner are limited.
Therefore, our proposal foresees that these elements are pooled together in order to reach an
inventory that might be meaningful and interesting to potential commercial users. The
commercially allocated accommodations, resources and crew time of one single Partner (perhaps
with the exceptions of the US and Russia) are not enough to realise potential commercial
ventures, such as satellite servicing and protein crystallisation. Consultation and agreement by all
Partners will be required for projects involving significant utilisation of the ISS or significant
hardware changes.
Therefore, it is believed that a common will to solve the above issue through a framework contract
among the Partners, leading to an entity such as the UM Co., is needed. Whether this will actually
materialise, in the name of commercial utilisation of the ISS, is an open critical issue.
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Figure 3.3: The Unified Management Company (UM Co.)
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UM Co. Balanced Composition
One issue to be resolved, and which might hinder the smooth operation of the company, is how to
make the composition of, and the participation in, the proposed UM Co. as balanced as possible
with regard to Partner representation. Examples of some international organisations, notably in the
space sector, show that a lack of adequate consideration of the members' interests results in a
burden on operations and management. This problem is magnified when economic interests are
involved.

The UM Co. is supposed to provide both an effective and profitable business structure that
interfaces with the ISS system and potential commercial users. Finding the right balance between
the most effective combination of industrial stakeholders in the company with an appropriate
representation of ISS Partners' interests is going to be a difficult task. The discrepancies in the
Partners' investments in the development and operations of the ISS might result in a
predominance of shareholders originating from one single country. This will eventually lead to a
reduced attractiveness of doing business with such a company by potential customers originating
from different or competing countries. Space business remains a highly competitive and sensitive
industrial sector for its strategic importance. Therefore, Intellectual Property Rights (IPRs) and
industrial competition issues might assume a critical role should biases arise in the selection of
commercial payloads, as a result of uneven representation.
The above problem can be tackled in two ways, which have already been briefly mentioned
previously:
•

•

By allowing the existence of more than one UM Co. structure, with different compositions,
which will be competing for accommodations, resources and crew time made available by the
ISS Partners. These competing management companies should not be composed on a regional
basis in order to avoid possible friction among the Partners;
By considering the geographical composition of the international consortia bidding for a
framework contract, as well as making the appropriate provisions in the relevant legal
agreements for an adequate treatment of IPR issues. Industrial competition issues might be
resolved by the possibility to audit the selection criteria applied to different projects and to
assess their consistency.

UM Co. in the ISS Critical Path
As mentioned earlier, the UM Co. is needed as soon as possible. It would be most beneficial
before the Commercialisation period begins, as it will allow for companies to plan in advance of
the actual availability of the ISS. Furthermore, implementing this company as soon as possible
will help the Partners realise their objectives of attracting commercial interest in the ISS.

The proposal is also based on the assumption that, with the Partners' consensus, representatives of
the UM Co. are given a role in the ISS planning and scheduling phase. This is meant to make
maximum use of the existing management layers without adding extra ones. Of course, the UM
Co. will have to comply with operational requirements. At the same time, it is intended that the
UM Co. put forward a proposal to improve the planning phase, bringing it closer to business
needs. This is part of the tasks of the Allocations and Resources Management services the UM
offers.
This might create a conflict between business-minded people and the scientific community.
Therefore, a clear statement by the ISS Partners ofthe different roles and, above all, priorities, of
the UM Co. will be required in order to reduce the risk of conflicts.
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2.2. 7 Another Point of View
An alternative view can be taken with respect to the management of commercial utilisation of the
ISS. The only commercial advantage of this fragmented Space Station is the possibility for
competition among the different Partners. Indeed, each one will try to promote its own
comparative advantages, such as more utilisation rights allocated to commercial utilisation or
more crew time. Without the UM Co., it could be argued that a potential commercial user might
be able to 'shop around'.
The ISS is like a shopping centre, which has shops with different owners and different products
(different modules), but has common resources that need to be distributed among the shops (e.g.
power, communications and crew time). Each 'shop' has its own commercial strategy. In this
scenario, it can be argued that a commercial user will benefit from competitive pricing and the
differing commercial visions, of which one may be more suitable than another.
However, this 'commercial competition' is not the one we present. The UM Co. is suggested
above all because potential commercial users want to have quick access to space, in order to make
money sooner. The present situation, with an unclear definition of commercial accommodations,
resources and crew time and lack of 'commercial co-ordination' among the Partners, is one of the
primary barriers for a business or entrepreneur wishing to profit. These issues need to be
addressed before competition can be promoted. Only then, would potential users benefit the most.
A study performed in 1995, undertaken by private sector firms, for the Center for Earth
Observation (CEO) of the European Commission recommended a management scheme very
similar to that of the UM Co. (European Commission, 1995). As a result of their survey and
various interviews, the following CEO actions were recommended:
•

•

The main action to undertake is to develop the use of Earth observation data:
Consolidate resources in one catalogue;
Establish a single interface for ordering;
Provide some centralised non-space data.
The CEO could establish an advice network of CEO points of contact:
Improve access to data;
Promote the use of Earth observation data;
Advise non-expert users on the application ofEarth observation data;
Provide lists of expert users in different application areas;
Use the Internet to reach users.

Very similar recommendations are made for the UM Co., stressing the importance of clearly
identified accommodations, resources and crew time, as well as co-ordination through a single
interface. For the same reasons, and many others, we maintain that the UM Co. is an innovative
approach to ISS Commercialisation, one that will benefit both the Partner space agencies and the
commercial users alike.

3

Business Concepts

Several concepts need to be implemented to transform the governmental approach to
commercialisation into an effective, client-service oriented approach. In this section, we analyse
these issues and provide solutions. First, the competitors to the ISS are evaluated, and the
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competitive advantage of the ISS is determined. Then, a marketing plan for the UM Co. is
presented, outlining a path for generating awareness of the ISS and, later, clients for the UM Co.

3.1 Competitor Analysis
Microgravity services in space are generally provided by space agencies with some exceptions of
private initiatives, such as sounding rockets. The main role of these microgravity service providers
is interfacing between the customers and the space agencies. Examples of such companies are
Instrumental Technology Associates (ITA) in the USA and Intospace in Germany. In addition to
space-based microgravity services, parabolic flights are offered by private companies, such as
Novespace, in France. These flights are sometimes contracted by space agencies for experimental
flights. Table 3.1 below demonstrates the advantages of the ISS over alternative microgravity
facilities.
The ISS may be the only operational space station by the time it is finished, unless some private
alternatives arise for keeping the space station Mir in orbit. This will make it a very sought after
place to do long-duration microgravity experiments that require human intervention. These two
competitive advantages need to be clearly demonstrated to potential customers
Currently, users of microgravity services are mainly scientists from governmental institutions. A
number of private companies are trying to enter the commercial launch market, such as Roton and
Kistler for example, which may decrease launch costs. Decreased launch costs would benefit users
of the ISS, as well as future users of privately financed space platforms for microgravity research
and manufacturing.

3.2 Marketing
The natural first step in preparing any marketing strategy is research. Ideally, this effort to identify
customer needs is accomplished before the product or service is ever produced. As a result,
resources and real customer needs are matched and prospects for success are greater. In the case
of the ISS, the "product" was under development and construction for decades before
commercialisation was ever considered. Target industries have been considered, but specific
customers have not been identified. Consequently, the ISS Partners have not considered the
commercial customer' s needs. This type of information is gathered in formulating the marketing
plan.
It is the task of the marketing plan to build awareness of the ISS and to expose and engage
specific firms as potential customers. Recognising the needs of various industries is crucial to
promote interest in the ISS among these potential customers.
3.2.1 Assessing Public Awareness and Attitude Towards the ISS
One challenge well known to the Partners is the need for greater awareness of the ISS on the part
of the general public. In many cases, the person in the street is completely unaware of the ISS.
Others are minimally aware, and of those who are knowledgeable about ISS, some have a
negative attitude towards it. An improvement in the public's awareness and attitude toward the
ISS is clearly needed to catalyse the commercialisation effort.
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Table 3.1. Comparison of the ISS with Alternative Microgravity Facilities
Spacecraft

Price
(US$
per kg)

Time of
microgravity

Quality of
microgravity

Strengths

Weaknesses

Reference

Up to 10"0 g, but
difficult to quantify
due
to
many
perturbations. Isolation
techniques
implemented.
High: 10"0 g, but many
perturbations due to
crew movements and
other experiments

Complex
and
big experiments
can
be
performed, due
to the presence
of a crew.
Crew on board
to monitor and
perform
the
experiment

Quality uncertain.
Perhaps
too
expensive
for
industry.

(Cassanto,
ISU,
1999;
1998)

(Cassanto,
1999;
ISU,
1998)

The crew can
perform
complex
and
big
experiments.
Can
accommodate
very long-term
experiments.
Fairly
easy
access to space

May
not
be
available. Booked
ISS
for
t he
and
assembly
support missions
About to be deorbited, may not
stay operational
for much longer

Limited number
of
applications
(short duration)
Low availability
as yet

(Cassanto,
1999;
ISU,
1998)
(Cassanto,
1999;
ISU,
1998)

Limited number
of
applications
(short duration)

(ISU, 1998)
(Maule, 1999)

Limited number
of
applications
(short duration)
Does
not
reproduce
full
microgravity.
Only u seful for
special kinds of
experiments.

(Eigenbrod,
ISU,
1999;
1998)
(Milkeraitis,
1999)

ISS

Pricing
policy
being
studied.

Up to Several
with
years
intenuptions for
reboosts

US Shuttle

30000

-2 weeks

Space
Station
Mir

40 000 to
go up, 70
000
to
return

Limited only by
Space station Mir
availability

Up to I 0.. g, but many
perturbations,
no
isolation
techniques
implemented.

Sounding
Rockets

$20,000$40,000/kg

6-30 min

10 .. - 10"' g

From a few weeks
to years

High: up to 5x 10"7 g,
few perturbations

Orbital
Flyers

Free

Goal:
$30,000
$40,000/kg

-

Parabolic flights

000200
250 000 for
one
campaign
(renting the
entire
plane) = 3
flights,
about 100
parabolas
total

- 25 sec/ parabola

10""- 10"' g

Drop tower

About
$4,000 for
one drop
$65 for a
one-time
vessel.
$ 1500 for a
reusable
vessel.
(prices paid
by NASA)

-5-10 sec

10"' g

Simulates
some
aspects of microgravity

Gives low stress, low
turbulence, and ease of
co-location of particles

Bioreactor
(rotating
cell
culture
system
for use on Earth)

It has a lot of
applications.
Many possible
options:
retrievable,
connected
to
ISS etc.
Fast and easy
access
to
microgravity
Users
can
interact directly
with
experiments.
Experiments
typically
assembled from
standard
laboratory
e_(jllipment
Quick
turnaround time
Not dependent
on spaceflight.
Easy way to get
some
microgravity
conditions.

(Cassanto,
1999;
ISU,
1998)

One marketing model used to assess the attitude change needed to affect positive action toward a
product or service is called AIDA It represents linear change through a four-step process.
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The general public is still at the beginning of this process with regard to the ISS. The Partners
have gained minimal attention for the ISS and consequently, the marketing plan in this early stage
is based on a limited communication goal - to foster awareness. Only after establishing a base of
awareness for the ISS will efforts to move further be effective. The result should be not only to
involve private companies, but also to increase public awareness in general.

3.3 The Marketing Effort of the UM Co.
Assuming the proposed UM Co. can be realised, it is then possible to consider a marketing plan
for the ISS. The features of one possible plan are given below.

3.3.1 Building Awareness
Literature which moves beyond the dry facts about accommodations, resources and crew time, in
order to stimulate possibilities and options in the customer' s mind and to reinforce the positive
benefits ofiSS participation, will be vital.
The marketing objective of the UM Co. is to engage commercial firms outside the normal space
industry, in a way that leads to commercial utilisation of the ISS. Described below, is a trade press
advertising campaign targeting some relevant industry segments:
The communications objective is to build awareness on two key points:
•
•

ISS commercial outreach is operating under a new unified management structure;
The Unified Management Company is open, communicative and available to commercial
firms interested in building profitable enterprises.

A secondary objective is to eliminate any perception of the ISS as an expensive, wasteful and
bureaucratic project, incapable of dealing smoothly with normal businesses. One method to
promote these objectives is with advertising, which is described further below.

3.3.2 Advertising
The advertisements should portray the UM Co. as a partner in progress that assists commercial
firms requiring more information about the space business. It will also portray the UM Co. as an
open and flexible partner with a positive customer service ethic. It will offer open communication
as a first step to building relationships that lead to successful commercial ventures.
The advertisement visuals will be open, symbolic and ambiguous (e.g. the ISS and the Earth
against a backdrop of deep space and satellites). The imagery to be avoided is facilities, technical
formulas, prices and scientists in white laboratory coats. The advertising will appear in traditional
trade periodicals in relevant industrial groups for one year. An example strategy should be as
follows:
•
•
•
•

Start with advertisements common to all industries for 3 months;
Print industry specific advertisements for 3 months;
Cycle off industry advertisements through for 3 months;
Repeat industry specific advertisements for final 3 months.

Example advertisements targeted to different sectors are given below:
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Target: Industry non-specific
• Headline: ISS - Open for business.
Imagery: Shopkeepers hand in store window flipping "Open" sign over. The ISS pictured
prominently on sign.
Text:
Describes new UM Co. structure, philosophy and benefits to customers.
• Headline: ISS- Under new management.
Imagery: Smiling shopkeeper
Text:
Same as above.
Target: Pharmaceuticals
• Headline: ISS - Where new ideas crystallise.
Imagery: Protein crystals as background for orbital laboratory.
Text:
Describes protein crystallisation development, invites new applications and
dialogues, suggests involvement and invites participation and new ideas.
Target: Telecommunications
• Headline: ISS - Your link to the future.
Imagery: Earth, ISS and communication satellite in collage.
Text:
Portrays the ISS as a pioneering opportunity in data transmission and satellite
serv1cmg. Invites dialogue and participation in the ISS as either a user or a
supplier.
Target: Computers
• Headline: Get small in a large way.
Imagery: Atomic structure as background for orbital lab.
Text:
Describes limited potential for growth of conventional computing architecture and
invites dialogue and participation in new directions.
Target: Aerospace
• Headline: Describes overall campaign.
Imagery: Thumbnails of industry specific advertisements.
Text:
Describes an outreach campaign of the new UM Co. to those already very familiar
with the ISS.
Target: General public
• Developing countries: The UM Co. will sponsor ongoing symposia on-site in developing
countries to build awareness about what accommodations, resources and crew time are
available and what can be done. Although governments would logically be the first
participants, this program should also identify commercial users;
• Educational outreach:
A variety of interactive promotions in elementary and middle schools, such as logo
creation contests or essay contests, could promote awareness of the ISS;
Documention of the unique facets of the ISS in business school case studies would build
ISS awareness among future business leaders.
• ·"Edutainment" projects: Real time video footage of the ISS and on-site program production
have both been identified as methods not only to build interest and awareness, but also to
stimulate commercial activity (Crelinsten, 1998). A "web-cam" onboard the ISS could provide
everything from documentary information for science programming to window shopping for
potential future users. The media may well be the first industry to show consistent profit
aboard the ISS.
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Examples of such advertisements, targeted to different sectors, are given m Appendix B:
Advertisements.

3.3.3 Initiating Dialogue and Building Interest
Because the communication goal of this marketing plan is to build awareness of and to foster a
positive attitude toward the ISS, efforts are directed towards bringing the prospective customers in
to the nearest UM Co. office to talk. Dialogue is the best way to identify qualified customers and
give them the information they need to plan realistic projects aboard the ISS. The UM Co. will
benefit greatly from building personal relationships with customers.
In the AIDA model, Interest is the next step along the attitude change line. Requesting
information or visiting regional offices is an active expression of interest in the benefits of space
Commercialisation. Once interest has been stimulated, it is possible to move the potential
customer further down the AIDA line towards commercial action.

3.3.4 Customer Service Representatives
Like any company that is serious about achieving sales, the UM Co. will actively approach
customers. Customer service representatives will actively generate business for the ISS, by
seeking out target companies and demonstrating the value of the ISS for their business.

3.4 Surveying the Future
Commercialisation will not be an overnight process accomplished with a "bring us the money"
attitude on the part of the Partners. Once the UM Co. is established and operates a carefully
considered marketing plan featuring realistic communication objectives, the goal of
commercialisation becomes realistic. Much of this work can be done well before the ISS assembly
is complete.

4

Finance

This section focuses on pricing of the commercial ISS accommodations, resources and crew time,
the methodology used for our financial analysis, financing of future commercial projects on the
ISS as well as the UM Co. itself. The section concludes with some innovative solutions to
problems related to financial issues.
To facilitate the understanding of concepts used in this section, it is helpful to define some terms
as they apply to the ISS.
Economic efficiency: Maximising the productivity of the ISS enterprise. 100% efficiency implies
that resources are supplied to payloads such that the total benefits minus
total costs are maximised (JPL, 1989).
Marginal Cost:

The cost of providing one more unit of a resource on the ISS given the
supply level of resources at the time of the request.

Opportunity Cost:

The earnings foregone from an alternative investment. This determines the
maximum amount a qualified commercial user would be willing to pay for
an ISS resource.
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Allocated Cost:

Assigning a certain portion of the ISS operating costs to specific resources
by an ad hoc method. For example, using the utilisation rights of the
Partners to allocate operating costs.

ISS operating costs: This includes everything required to keep the ISS operational, with the
exception of re-supply launches. Some of the items included in this
category are the costs for power, crew time and data management.

4.1 Pricing of ISS Resources Available to Commercial Users
Currently, the uncertainty about the pricing of ISS accommodations, resources and crew time is
one of the most significant constraints to commercialisation. There is no single "price list"
available to commercial users. Although this problem was addressed for the Space Station
Freedom (JPL, 1989) in 1989, work is still in progress for such a list for the ISS. NASA's effort is
mainly focused on the US orbital segment, although some information is useful for the other
Partner space agencies, since certain operating costs are common.
In constructing a pricing policy, recovery of the development, construction and deployment costs
of the ISS from the private sector should not be the primary aim. Identifying the operating costs
and determining the amount of ISS resources available to commercial users are the baselines for
any sound pricing policy. Such a policy helps to establish an economically efficient "ISS
resources market".

The ISS is a major public investment and it should be treated as such. Because most of the
resources are allocated to scientific usage and technology development for the benefit of society,
the burden of development, construction and deployment costs of the ISS has been on the
taxpayers. In the context of this document, commercial users are not buying the station, they are
simply "renting" certain resources from the UM Co. Therefore, only operating costs should be
passed on to the user.
A previous study on Space Station Freedom concludes that there are two basic methods that can
be considered for pricing of resources: cost-based and demand-based pricing (JPL, 1989). Both
are examined below and are considered in the case studies ofPart Two ofthis report:
•

•

Cost-based Pricing: The first step in this method is to determine or project the costs of specific
resources or services. Based on these projected costs, prices are announced. Users can then
purchase services at this posted price. The supplier agrees to sell to all qualified buyers at this
price as long as the supplies last. The announced prices are sensitive to any changes that might
arise in the estimated operating costs;
Demand-based Pricing: The price of each resource (or package of resources) should be based
on its opportunity cost for the commercial user. Auctions are an important class of demandbased mechanisms and a certain amount of resources can be purchased by commercial users
after a bidding process. Auctions are more dynamic than cost-based processes and can quickly
respond to fluctuations in the demand and/or supply.

4.1.1 Cost-based Pricing Method for the ISS
A standard approach to developing a cost-based pricing scheme is to project annual operating
costs of the ISS, including common costs. This total cost is then allocated to specific resources
according to some ad hoc method (e.g. using the percentage of utilisation rights). This allocated
cost is then divided by the projected quantity of the resource to obtain its average cost. This
average cost is used as the basis for charges.
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An example of this pricing method can be found in the US space shuttle pricing policy. In this
case, the original cost base for the shuttle was a 12-year average of the projected operating cost.
The price per flight was then calculated using the estimated shuttle flight rate for a certain period.
The price paid by a commercial user was based on a pro rata share of the use of the payload bay
(either length or weight, depending on which was more of a constraint for the flight).

The initial approach of the CSA for ISS pricing is similar to the method developed for the Shuttle.
The total projected operating costs of the ISS is divided among the Partners according to their
respective contributions under the multilateral agreements. The annual figure for total ISS
operating costs is estimated to be US $ 1.6B. Unit prices for internal racks and external spaces can
also be calculated based on this total annual figure (Eddy, 1999).
Although this method seems very straightforward and easy to implement once the operating costs
are projected, the time spent on estimating, justifying and changing the cost base is substantial.
Also, the rules needed to allocate resources, when there are shortages and surpluses, are major
weak points of this method. Usually, cost-based methods are used to recover, partially or fully, the
costs incurred by the agencies. Economic efficiency is not the primary aim.
Interestingly, this pricing policy does not guarantee cost recovery. If the price is too high then the
demand will not be sufficient to meet the supply of accommodations, resources and crew time,
and this price will result in low levels of utilisation and revenue. Since very little is known about
the demand for the ISS resources, forecasting the level of cost recovery is extremely challenging.
This pricing policy should also set the prices for marginal units. Common costs, such as the
overall ISS maintenance costs, are not a part of the marginal unit prices, since these would be
incurred by the ISS system, even if the marginal units were not provided.
Cost-based pricing suffers from a potential problem relevant to the ISS. The Space Station supplyside adjustments have very long lead times, preventing adequate supply-side responses to
demand/supply mismatches. In order to resolve this problem, there is a need for a pricing
mechanism that responds to the marginal benefit of the resources in question, such as demandbased pricing. If the opportunity cost of a particular unit of a resource is not a part of the pricing
scheme, then the ISS resources market will not operate efficiently.

4.1 .2 Demand-based Pricing
The preferences of commercial users can be included in the pricing process if a demand-based
system is used. Instead of developing a static price list, the prices of resources can be determined
through a dynamic bidding system. This is more similar to the functioning of a real marketplace.
Since this method tries to match the supply (available ISS resources for a certain period) with the
demand (the needs of the commercial users and their willingness-to-pay for the resources), it is
more economically efficient. That is, since there is no "dictated" price, the interaction of the
commercial users within themselves and with the supplier can result in different prices each time
an auction is made.
One argument against this method is the unpredictability of the resultant price. However, after the
first few transactions, users can learn from past experiences and probable outcomes of the
auctions can be predicted as the bidding sessions are repeated.
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The basic determinant of the willingness-to-pay of the bidders is their expectation of revenue that
will be generated by the use of ISS resources. Determining the required amount of
accommodations, resources and crew time and specifying where and when they will be used in
commercial projects are necessary for the commercial users in order to make their business plan.
When this information is gathered, the revenue expectation, based on sound market research, will
determine the value of the resources to the commercial user.

4.1.3 The ISS "Price List"
The following table is compiled from various sources, but is by no means exhaustive. The main
objective is to give the reader a chance to get a crude idea about the price ranges for certain ISS
resources. The numbers provided in the table are based on the Space Station Freedom study (JPL,
1989), current TDRS prices, and costing by analogy. These prices assumed that the supplier of
these resources is making a certain profit.
The operating cost models of the space agencies (e.g. Model for Estimating Space Station
Operations Cost; JPL Space Station Operations Cost Model) are useful tools for estimating the
cost of specific accommodations, resources and crew time. Once these costs are known, different
scenarios for cost-based pricing can be analysed.
During the efforts to construct this table, NASA, ESA and CSA commercialisation offices and
cost engineering departments were contacted (Cyr, 1999; Eddy, 1999; Pieterek, 1999). None of
the Partners contacted, except from CSA, provided price ranges for ISS resources.
The prices used in this table are given for a package of resources that will be provided to the
commercial user. The price for this package has a lower limit of US$ 23.5M and an upper limit of
US$ 41M. Depending on the pricing policy (cost vs. demand-based), bartering possibilities among
the ISS users and presence ofUM Co., changes can occur.
In all of the calculations made for the case studies, the price was assumed to be more than the
allocated operating cost of these resources (i.e. no government subsidy was assumed), except the
sensitivity analyses. It was assumed that since the UM Co. will use a demand-based pricing policy
for the end-user, the prices will decrease approximately 10% from the levels that will be charged
by the space agencies directly.
The pricing policy that the Partner space agencies develop, with regard to the proposed UM Co.,
will be cost-based and this final price will be negotiated between the two parties, based on the
demand received by the UM Co. The pricing policy of the UM Co. with respect to its customers
will be demand-based.
The comparison between the two methods of pricing reveals that, demand-based pricing for the
UM Co. is more suitable for the ISS commercialisation efforts. This method will not only help
with economic efficiency, but will also contribute to cost recovery, since it creates a healthy
"marketplace". The more commercial users involved in such a market, the more ISS related
business activities can develop. It should also be noted that the UM Co. pricing policy aims at
recovering its cost plus profit.
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Table 3.2. A Sample Price List for the ISS
(all prices in thousand US dollars)

Maintenance

Consumed Amount
Amount (hrs/yr)

EVA
20.00
IVA
50.00
Robotic (SSRMS)
50.00
Volume
Amount (payload/yr)
Internal (ISPR)
1.00
External Site

1.00

Power/Thermal
Amount (kwh/yr)
Power
500.00
Thermal

100.00

Communications Amount (kbps/yr)
Uplink

300,000.00

Downlink
300,000.00
Data Management Amount (Mbyte/yr)
Processing
200.00
.__~~~st
~ orag_!

3,oqo.oo

Unit Price Ranges
Unit Price (1 hr)
$95.45- 166.00
$20.15-35.00
$34.50-60.00

Unit Price (1 yr)
$ 6,785.00 - 11,860.00
$11 ,155.00-19,400.00
Unit Price (1 hr)
$0.38-0.65
$0.15- 0.30
Unit Price (1 kbps)
$ 0.0008- 0.0017
$ 0.0008- 0.0017

Unit Price (1 Mbyte)
$0.05-0.10
$0.05- 0.10

4.2 Methodology for Financial Analysis
This section will describe the methodology used to create the standardised tool, a Microsoft Excel
spreadsheet with a Visual Basic for Applications module, for analysing the financial feasibility of
the case studies (see Figures 3.4 and 3.5). Efforts were mainly concentrated on using the same
benchmark to evaluate the case studies. With this method, common problems relating to
commercial utilisation and the strategies to avoid these problems can be shown from a financial
perspective.
One of the main objectives of the analysis is to compare future costs and revenues of the projects
and determine their profitability level. However, the aim is not just providing the profit
projections, but also identifying the critical factors that affect the final figures. If the individual
parameters of profitability can be isolated and their significance determined in a comparative
manner, this information can be very useful for both governmental agencies and private investors.
For instance, the significance of intellectual property rights can be better understood if their
impact on profit levels can be demonstrated.
Although our methodology has some commonalties with traditional capital budgeting techniques
(such as the Net Present Value method), it is mainly the application of Trigeorgis's discrete-time
real options framework to ISS Commercialisation (Trigeorgis, 1996). Modification of this method
for space projects has already been made in the analysis of publicly funded technology
development programs (Gurtuna, 1999; Shishko et al., 1999).
Any investment aboard the ISS will be prone to very high levels of uncertainty. Long investment
horizons, the restrictions due to the current legal regime and the unavailability of price ranges for
ISS resources are some ofthe major sources of this uncertainty. One of the major objectives of the
analysis is to include this uncertainty in the financial calculations.
A probabilistic approach is implemented to capture this uncertainty in the form of probability of
success, for technology development of commercial projects. Additionally, some of the critical
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parameters are assumed distributed about a mean value. A normal probability distribution is used
for these parameters.
Sensitivity analysis is used to identify the important parameters that strongly influence profit
figures. Although this technique is relatively easy to implement, it cannot capture the interaction
between the parameters. For example when the effect of EVA cost on the profit is examined, all
other parameters have to be held constant. However, sensitivity analysis does provide crucial
feedback for the next step - numerical simulation.
Since exact estimations of future costs and revenues cannot be made, minimum and maximum
estimates are constructed for each significant parameter. Once the upper and lower limits are
estimated, numerical simulation is used to analyse the whole spectrum lying within this range.
This technique also allows for analysis of all of the critical parameters simultaneously, capturing
the interaction between the parameters. The result of the analyses can be presented as probability
distributions.
Now that the general methodology has been introduced, the main inputs of the spreadsheet will be
examined next. The main components are the cost of development, cost of application and the
projected revenue.

4.2.1 Cost
Development costs and application costs of commercial ISS projects have to be analysed
separately:
•

•

Development Cost: Whatever the level of technological innovation in proposed projects,
development cost will be incurred. This cost includes all the expenditures made specifically
for the project until it is ready for installation on the ISS. That is, once the payload is ready
and fully functional, the development stage is complete. For example, all of the research and
development stages involved in a drug-manufacturing project are a part of the development
cost (e.g. laboratory equipment and researchers' compensation);
Application Cost: Once the commercial payload is ready, the costs associated with its
installation on the ISS and its operation will constitute application cost. They include
everything that is necessary to start the commercial application of the project and operate it
during its planned schedule (launches, ISS accommodations, resources and crew time). The
decommissioning of the commercial projects is also a part of this cost. Application costs are
highly dependant on the pricing policy of the space agencies and the UM Co.

4.2.2 Revenue
Basic market research must be conducted for a commercial project in order to estimate the
demand for the proposed product or service. Expert interviews and industry reports aid in
estimating potential revenue streams. These revenue streams are spread annually and compared
with the corresponding cost figure for the year. This basic cash flow analysis is very useful in
optimising the business strategy of any commercial project.
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4.2.3 Real Options Valuation vs. Net Present Value Analysis
If the results obtained from real options valuation and net present value analysis are compared
(see the case studies in Part Two), it can be seen that these methods give different (sometimes
conflicting) results. Following are the main reasons for this disparity:

•

•

•

NPV is "static"; the simulations with NPV assume that even if a business is making a loss in a
distant future, it will remain operational. Thus, the managerial flexibility for critical decisions
(e.g. abandoning, expanding or contracting the business operations) is totally ignored;
NPV fails to capture the strategic value of certain investments. For instance, once a
technology for commercial space applications is developed, it gives the investor the added
value of using this technology on different orbiting platforms. This means that certain
investments may have potential future applications increasing their strategic value. Real
options framework can capture this value while NPV cannot;
Finally, real options valuation uses risk-neutral valuation. The risk-attitudes of the investors
are irrelevant during option value calculations. For this reason risk-free interest rate can be
used to discount future costs and revenues. On the contrary NPV has to use a discount rate
which has to reflect the risk-attitude of the investors. This rate is more than the risk-free
interest rate.

The histogram demonstrates that the total frequency of the different outputs of the numerical
simulation is based on 10 000 trials.

4.3 Financing of Commercial ISS Utilisation
Any activity related to space is typically expensive. Past events show that most space activities
were undertaken by government agencies. However, for the first time, in 1998, commercial space
expenditures were greater than government space expenditures (Futron Corporation, 1999). In
light of this trend, financing of any commercial activity related to the ISS is a very important part
of any business plan.
Most of the traditional financing alternatives can be used for space related businesses. The
constraints of the ISS business environment and the risky nature of space investments should be
considered to create an optimal financing strategy. In this section, alternative financing strategies
for both commercial users of the ISS and the UM Co. are examined and compared.
Tables 3.3 and 3.4 summarise the two sources of financing that are described by Simonoff
(Simonoff, 1992): sources of investment and sources of debt. Investors incur a greater risk and
therefore, expect a greater return on their investment. Lenders take the financial market risk, the
risk of interest rate fluctuations and the risk of financial institutions being able to provide funds.
However, the latter take little risk that involves the question of commercial viability of a project.
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Table 3.3 Sources of Investment
Source of
Investment
Venture Capitalists

Description

•
•

•
Corporations with
Strategic Interests

•
•

High-risk investors
Generally funds from financial institutions or
pension funds
Usually small levels of investment with
returns in the 'over 40%' rate of return range

Generally users of equipment or services that
will be provided by the space project
Returns of investment may be due solely to
the investment itself, or to opportunities that
may be available to employ investors'
existing capabilities in conjunction with a
new space system

Disadvantages

•

•
•
•

Look for high returns because
expect many investments to
produce losses
Not a major source of funds
for space business
development
Small levels of investment
Loss of ownership control, if
a single investor obtains
majority of the shares

Advantages

•
•

Tend to invest early
Provide 'seed money' or later
stage financing to cover losses
as a company grows until the
company turns profitable

•

Highest risk tolerance because
of limited alternative
investment opportunities and
the need to strengthen existing
business
Investments tend to be large
and time horizons for returns
long
Primary investor group for
commercial space
Long-term support
Regular capital increase
available by issuing additional
shares

•
•

Public Offerings
Through Stock
Markets

•

Used to give liquidity or value to investments
made by venture capitalists or others

- - - - -- -

•
•
•

Usually comes after the
development of a company
that has been supported by
other forms of financing
Bureaucracy
Losing control ()_f ownership

•
•

Table 3.4 Sources of Debt
Sources of Debt
Bank, Institutional and Public
Sector Loans

•
•

"Junk" Bonds

•

•

Description
ll1ese funds generally cover time delays bet ween revenues
and expenditures
Cost of these funds is generally determined by financial
market conditions rather than by the characteristics of the
borrowers
High-risk debt, generally employed with transactions
involving there-capitalisation, purchase and sale of existing
established companies
Suppliers have been corporations, pension funds, fi nancial
institutions and some public pooled funds

Leases from Financial Institutions

•

Generally a substitute for low-risk borrowing

Leasing of Partial Facilities or
Purchasing Services from
Operating Companies
Payment Deferral from Suppliers

•

A very important form of reducing risk and investment size of
a project

•

Government Export Financing
Programs

•

Valuable when the supplier is willing to accept the risk of
other financing being available when deferred payments are
due
Otherwise, the financing is equivalent to low-risk bank loans
Generally loan guarantees or in some cases have been low·
interest loans to finance exports
l11ese financing programs are generally not substitutes for
high-risk equity or insurance
Tite government provides payments to suppliers, analogous to
high-risk constmction loans

•

•
Govenunent Progress Payments

•

•

•
•

Disadvantages
Difficulty to obtain
Short-tenn loans
Do not assume any market risk

•
•
•

Advantages
Relatively low-risk funds
Standardised process
Reduced uncertainty through predetermined
payment schedule

•
•

Do not assume any market risk
Very sensitive to financial market conditions
High retum expectations

•

Reduced uncertainty through predetermined
payment schedule

•

Not an important form of financi ng for new
ventures
Limited role in space busi ness
Limited role in s pace business

•

Effective interest cost mi ght be reduced
through use of certain ta x benefit s
Can be useful for standardised hardware
Some risks may be taken by the owner of the
equipment

•

Generally applicable to continuous
transactions between supplier and the
customer

•

Reduces the cost of initial investment to be
raised

•

Only applicable to intemational transactions

•

Enables fore ign purchase conunitmcnts to
provide access to low-risk debt
Generally designed to remove financing as a
factor in international trade competition
Most useful when the government purchases
launch hardware, and assumes the risk of
launching, as happened in NASA's TDRSS
communications satellite program.

•

•
•

•

•

•
•

.

When the government has attempted in the
past to purchase a service, attempts have
been made to substitute bank debt for
progress payments. l11is was not fully
successful because of the inherent high risk
of t he program.
Can result in the govcm ment becoming the
banker

•

I

Figure 3.5. Sample Spreadsheet Tool for Calculating the Net Present Value and Option Value and a Histogram Output
(All prices in thousand US dollars)
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4.4.1 Government Incentives
Space activities are typically very expensive and risky. As a result, sources of
financing are difficult to secure. Investors and lenders are reluctant to provide sources
of investment and sources of debt. The following ideas are suggestions for ISS Partner
countries.
Although not exactly a form of financing, government incentives could play an
important role in alleviating the financial burden associated with space ventures.
These could benefit both the ISS commercial user and the proposed Unified
Management Company. A "zero-gravity, zero-tax law" is described in some detail,
while government loans, deferred payments, and public & private partnerships are
mentioned briefly as other possible government incentives. However, it is important
to note that these are only short-term solutions if true Commercialisation is to take
place.

4.4.1.1 Zero-Gravity, Zero-Tax
This is an innovative idea that encourages industry to engage in commercial ventures
onboard ISS through an incentive from the government in the form of a tax break.
Those commercial users who make revenue from an endeavour on ISS are exempt
from certain taxes. This type of incentive has been implemented for non-space
activities in some countries such as Brazil, which has a similar policy for certain
agricultural activities (Vaz, 1999). The incentive is currently being considered in the
U.S. for space activities, in the form of a zero-gravity zero-tax policy, and is
explained in more detail below. Likewise, Brazil is in the process of extending the law
to certain space activities.
As an example, in the U.S. the Internal Revenue Code may be amended such that
"gross income shall not include income derived from products manufactured in outer
space or from services provided in outer space". Congressman Dana Rohrabacher
introduced the bill to the 105th Congress 2nd Session on May 11 , 1998. This
amendment has yet to be implemented (Prospace, 1999).
The tax incentive would apply to space related income from the sale of products
which are manufactured in space and returned to Earth, and of any service provided in
space. Furthermore, it would apply to income attributable to services performed in
space. The exceptions to the above definition are products that are substantially
similar to products already being manufactured and any services that are substantially
similar to services already being provided. The applicable income would be exempt
from all Federal excises, taxes, and duties and any other Federal tariffs.
This form oftax break would certainly encourage commercial users to consider space
as a viable platform for producing products or offering services. A Coopers &
Lybrand study of a similar tax credit push for research and development in the U. S.
estimated "a permanent R&D credit would result in an additional $41 billion in R&D
investment between 1998 and 2010" (106th Press, 1999). Such an incentive for
commercial space activities should be considered by all the Partner space agencies.
Likewise, it should be discussed as an incentive for the proposed UM Co.
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However, a counter argument can be made against tax breaks: ISS commercial
activities should be no exception to the general practice of taxing private sector
revenues, and these taxes should be reinvested in public investments to benefit society
at large. A possible solution is that the tax breaks could be phased out as ISS
commercial activity increases. In other words, the policy could be in place only long
enough to encourage commercial use ofthe ISS, generating more income- related tax
in the long run.
4.4.1.2 Other Government Incentives
Another possible government incentive is a government loan. Partner governments
could help with financing by providing loans under similar conditions as would be
expected of a bank loan, so that it would not negate the commercial aspect of the
activity.

Another possibility exists that shares the commercial risk with governments, but does
not extend taxpayer funds to the private companies in the form of loans. Deferred
payments of ISS resources and launches could be charged by the Partner agencies for
the commercial utilisation of the ISS, in return for a percentage of the revenue when a
commercial activity becomes profitable.
Lastly, public private partnerships could be considered for financing the development
phase of a commercial project. In Japan, for example, industrial research on the ISS is
promoted with a similar mechanism, whereby part of the development costs is
incurred by the Government of Japan, and part by the user. Private & Public
Partnerships can be described as a long-term mutual commitment to common goals,
functioning only if advantages and profitability are evident to both partners. In other
words, a win-win situation must exist.
Although these ideas ultimately raise the question of whether the activity can still be
considered commercial, the are only suggested as a short-term solutions to financing
difficulties of companies wishing to participate in ISS commercial activities. Since it
is the space agencies and Partner governments that seek to commercialise ISS they
should assume some of the initial risks involved in commercialising the ISS. In the
long run, however, once the market begins to operate efficiently and the income
generated by the commercial activities is sufficient to finance future investments,
governments should stop this type of incentive.

5

Summary

Space agencies are designed to expand human knowledge and development of space.
Neither are experts at running successful businesses. The trend of privatisation shows
that governments know when to allow private companies to take over what they do
best: business.
ProSpace America, Inc., a grassroots organisation of American citizens dedicated to
opening the Space Frontier to all people as rapidly as possible stated recently that:

"The ISS is really a giant building complex in space, a cross between an
airport and a high-rise. The private sector has had long experience managing
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similar projects efficiently and profitably. The Government has had nothing
but bad experiences doing the same ... Government control will likely lead to
stifling red tape and missed opportunities. " (Prospace, 1999)
The International Space Station was not designed to be a business. It is still a multigovernment laboratory, despite some space agencies' desires to recoup some of the
operational costs. So, just as NASA invited United Space Alliance to operate the
space shuttle, the Partner space agencies should tum to the skills of a private company
if they are serious about running ISS as a business.

Recommendations/Solutions
• The Unified Management Company:
It allows for commercial activities to be handled by a commercial company.
It can solve some legal uncertainties through business contracts.
It can attract users to the ISS by marketing the benefits and approaching them
like a business would, rather than sitting back and waiting for users to come.
It can pool and combine resources of the ISS for commercial users, which is
something the very separate agencies have not planned to do.
It can provide needed consultanting services on the regulations, laws, finances,
and standards of the complex and dynamic space industry.
• Marketing Strategies for the UM Co.:
Advertising to non-Partner countries.
Advertising to non-space industry world-wide.
Moving potential customers along the AIDA chain (Attention, Interest,
Decision, Action).
• A Financial tool:
It can give users a general look at the financial factors of their proposal when
considering the ISS for their business.
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CONCLUSION OF PART ONE
The three main chapters of Part One have identified many constraints (legal, political,
technical and business) to the Commercialisation of the ISS. These must be addressed
in order to attract commercial users to the ISS.
All of the identified constraints and their corresponding recommendations are listed in
Table 1 below. This table lists the Objectives of the commercial user, the existing
Constraints to Commercialisation, the Reasons for the Constraints, the
Recommendations to ease these constraints and References to the section within this
report that provides a further description of our recommendations.
The main constraints listed can evolve from a 0% severity level ("no constraint") to a
100% severity level (a "barrier"). Indeed, depending on the circumstances, a
constraint (e.g. delays in the delivery of a ISS module) can become a definite barrier
to the commercialisation ofiSS (e.g. full blown political crisis).

115

Table 1. Objectives, Constraints and Recommendations to the Process of Commercialisation of the ISS

A.

B.

Modernise and update space a.
law to meet needs of
commercial users of the ISS.
a.
Promoting ISS
commercialisation through
mitigation of risks.

Reasons for the Constraints

Constraints to Commercialisation

Objective

b.

Imprecise definitions of legal terms and
concepts.

Consensus principle; PCJWer of
interpretation and outdated laws.

a.

Pro~osed

a-1.

Rapid technology changes; 'Freedom' of b-1.
space.
Conflict of laws (liability and licensing). c-1.
c-2.

No clear definition of boundaries between air b.
and outer space.
No clear legal situation even among the ISS C.
Partners.

c-3.

Innovative Solutions

Reference
(within the text)

Clarify legal terms and concepts.

a-1. Chapter 1 - Section 3 - § 3.2

Revise current international space law
reqime.
Revise current space law regime.
Update national laws (extend them to
space and make clear pre-agreements).
Have only one state or entity responsible
for licensing and supervision.

b-1. Chapter 1 - Section 3 - § 3.1,
3.2.8
c-1. Chapter 1 -Section 3- § 3.2
c-2. Chapter 1 - Section 3- § 3.2.6

Code of Conduct needs to be developed.
Insurance industry needs to be
developed.
Solution d-2 above.
Identify financial strategies suitable for
the commercialisation of the ISS.
Provide government incentives to
commercial users for financial
assistance.

d-1. Chapter 1 -Section 3- § 3.2.5
d-2. Chapter 1 -Section 3- § 3.2.4

c-3. Chapter 1 -Section 3- § 3.2.3

Absence of space insurance sector
considering liability arising from:
Damages to first and third parties;
1.
Product liability;
2.
Personal accident insurance.
3.

d.

Considerable financial and business
risks, to commercialising the ISS,
exist.

e.

f.

Debris risk, human fault risk, fire hazards.

f-1.
f-2.

g.

Commercial users have an obligation to meet g.
quality I safety requirements (hardware,
software, crew training).
h.
Confusing intellectual property regime.

Commercial user may not have previous g-1
space experience.
Conflicting laws and different national
legislation.

h-1. Update national laws (ex1end them to
space and make clear pre-agreements).

h-1. Chapter 1 -Section 3- § 3.2.6

Launch cost too high and launch frequency
too low; Launcher and payload compatibility
and conf~guration problems.
Private entities have restricted access to the
ISS and non-Partners have no ISS rights.

High regulated I MTCR restrict
competition; Current launch systems
limitations.
Political interest I objectives; Restrictive
IGA, and ISS rights related to
contribution.

i-1.

Open the competition in the available
reusable and expandable launch vehicles

i-1 . Chapter 2 - Section 7

j-1.

Political good will

j-2.

Revise current space law regime and IGA

j-1. Chapter 1 -Section 2- § 2.2.1,
2.2.2, 2.2.3
j-2. Chapter 1 - Section 3- § 3.2

d.

e.

C.

Protect results of research h.
and inventions, in and on the
ISS.

D.

Provide easier access to the i.
ISS for potential commercial
users.
j.

No monitoring system
1.
2.
3.

No clear identification of third parties;
No identifiCation of causes;
Limited human physt=al presence in
space.
High cost I investment.

d-1.
d-2.
d-3
e-1.
e-2.

i.

j.

Weakness of liability regime.
Natural disaster.

f-1
f-2.

d-3. Chapter 1 -Section 3- § 3.2.4
e-1. Chapter 3- Section 4 -§ 4.1,
4.2, 4.3, 4.4
e-2. Chapter 3 - Section 4- § 4.3.1

Create new insurance regime.
f-1. Chapter 1 - Section 3 - § 3.2.4
Laser detection system; Use of automated f-2. Chapter 2- Section 5- § 5.1,
RMS; Use of intelligent systems.
52, 5.3
UM Co. will provide consulting for
g-1. Chapter 3 - Section 2- § 2.2.1
commercial users.

I

E.

k.

No provision of commercialisation.

k-1.

I.

No provision of commercialisation.

1-1

Operation of manipulators limited
m.
To non quiescent periods: Operation of
robotic manipulators require a lot of IVA;
Many standard IVA tasks are not automated.
Crew time available is limited.
n.

No provision of commercialisation.

m-1.

No provision of commercialisation.

n-1.

0.

Limited capability, limited number, and limited o.
capacity of the communication channels.

No provision of commercialisation.

o-1.

p.

Lack of international commercial co-ordination p.
by the ISS Partners.
No customer service exists to address
q.
International commercialisation needs.
Exact resources available on the ISS are
r.
unknown to potential users.

Lack of coherency; Different national
interests.
Governmenlal regulations; Lack of
commercial vision
Not yet thoroughly defined.

p-1.

s.

Prices for users' access are unknown.

S.

Not yet defined.

t.

Unclear profit parameters.

t.

Non-existence of market demand.

U.

Benefits of the ISS are unknown to potential
users.

u.

Lack of marketing.

Improve resource limitations k.
and clarify priorities to
increase the commercial
potential of the ISS.
I.

m.

n.

F.
G.

Internationally co-ordinate
commercialisation efforts.
Attract paying clients who
want to commercialise the
ISS.

Pro~osed

Reasons for the Constraints

Constraints to Commercialisation

Objective

q.
r.

Limitation of space available on
the ISS (for crew, ISPRs, and external
payloads), impacting overall
productivity.
Available power severely limits
number of applications.

·-·

q-1.

Innovative Solutions

Use cost-effective maximised volume.

Rigorous payload ulilisation planning
schedule; Solar dynamic power
generation, and energy storage wheels.
Improve hardware control to minimise the
disturbances, torques, and forces; Use
internal robots for payload handling
activities.
Minimize EVA and maximize STS docking
time (12 people on the ISS up to 30 da~.
Upgrade communication hardware; Use
of Artemis I ORTS I commercial GEOs I
commercial LEO constellations in addition
to TORS; Burn COs for delivery of non"time critical" data.
UM Co. will co-ordinate commercialisation
internationally.
UM Co. is client oriented.

Reference
(within the text)
k-1. Chapter 2 - Section 2- § 2.2

1-1. Chapter 2- Section 2- § 2.4

m-1. Chapter 2 - Section 2 - § 2.4

n-1 . Chapter 2 - Section 2- § 2.6,
- Section 3 -_§3
o-1. Chapter 2 - Section 2- § 2.5

p-1. Chapter 3 - Section 2- § 2.2.4
q-1. Chapter 3 - Seclion 2 - § 2.2.1,
2.2.3, 2.2.5
r-1. Chapter 1 - Section 2- § 2.1
r-2. Chapter 3 - Section 2 - § 2.2.2

r-1. International co-operation is needed.
r-2. UM Co. will do a market activity, and pool
and bid the available resources to meet the
needs of commercial users.
s-1 . Chapter 3 - Section 4- § 4.1
s-1. Provide a clear pricing mechanism
Identify critical factors through a
financial analysis.
u-1. UM Co. will market benefits of the ISS
t-1.

----

--

t-1. Chapter 3 - Section 4- § 4.1
.

u-1. Chapter 3 - Section 3 - § 3.2
-
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To summarise, we have identified in Part one of this report, four chief constraints to
the commercialisation of the ISS and we have suggested recommendations to
overcome each of them. They are listed below.
1. The first chief constraint lies in the uncertain political relations between the ISS
Partners and the lack of a real political commitment to the commercialisation
process. For instance, political confrontation (e.g. 'trade wars') and internal
politics (e.g. budget restraints) have negative impacts on the ISS political
framework. Aside from those constraints, no clear political goals pertaining to
commercialisation of the ISS have been agreed on by the Partners, so there is no
coherent commercialisation plan that commercial users can rely on.

Recommendation: To foster good relations between the ISS Partners, by
showing them that co-operation pertaining to ISS commercialisation is in their
best interests. Therefore, a clear political commitment to the
commercialisation of the ISS has to be agreed on by the Partners and
promoted to the commercial users.
2. The second of those constraints is the complex and ambiguous legal and
regulatory framework that surrounds commercial ISS utilisation. Issues, such as
intellectual property rights and liability pertaining to commercial space activities,
are not defined enough in the existing space Law regime and the current ISS
agreements. The ISS Partners and the commercial users will need a clear legal and
regulatory framework, in order to make sure their respective interests are
protected.

Recommendation: To provide a clearer international legal framework for
commercial activity on the ISS. The international space Law regime should be
updated and new regulations should be created to address the specific issues
ofprivate space activities in outer space, including on the ISS.
3. A third major constraint to the commercialisation of the space station is the
existing technological limitations to ISS access. There are currently not many
options for transport to and from the ISS and the cost of transportation has
negative impacts on any commercial venture's business plan.

Recommendation: To utilise robotic and automative systems to maximise the
efficiency of astronauts onboard the ISS.
4. Finally, the unstable and uncertain business environment of the ISS is constraining
for any commercial utilisation ofthe station. The current ISS management
structure was not created to commercialise the Partners' assets and each individual
space agency has a different approach to promote commercialisation. Therefore,
the potential commercial users have to deal with each of the five ISS Partners'
administrations, where the commercialisation of the ISS is not yet a priority.

Recommendation: To create a private company, which would be a single userfriendly interface between the Partners and the commercial users on ISS. This
Unified Management Company would provide legal, financial and technical
consulting services to commercial users from all countries.
coordinate commercialisation activities and marketing of the ISS between
the Partners.
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Conclusion of Part One

Taken together, these recommendations form a new and integrated approach to ISS
Commercialisation. This new approach will be applied to both case studies in Part
Two, where it will be compared to the existing approach to ISS Commercialisation.
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Introduction to Case Studies

INTRODUCTION TO CASE STUDIES
In Part One of this report, new solutions were proposed to ease the political, legal,
technical and business constraints and were synthesised into a new, unified and
integrative approach to ISS commercialisation. In Part Two, this New Approach will
be compared with the Existing Approach through the application to two case studies.
Each case study will address the viability of a commercial application onboard the ISS
by a private company under these two scenarios. The main solutions offered by both
approaches are given in the Summary Table below.
The first case study, described in Chapter 1, is a private venture into satellite servicing
and repair called the International Space Satellite Servicing Station (l4S) , which uses
the ISS as a servicing platform. The second case study, described in Chapter 2, is in
the more developed (but not yet clearly successful) field of space-based Protein
Crystallisation.
Each case study is composed of six main sections. The first two are a brief
Introduction and a description of the Mission Concept. The third section, entitled
"Technology", outlines the technical basis of the study and proposes solutions to ease
the technical constraints of the study. Similarly, the fourth section, entitled "Policy
and Law", proposes recommendations to ease the key political and legal constraints
of the study. The fifth section, entitled "Business Overview", provides the twoscenario analysis of the study under the two different approaches to ISS
commercialisation described above. Finally, the Conclusion of each case study
summarises the impact of the New Approach on its commercial viability.
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Summary Table
Solutions
Issue

Constraints

Utilisation Rights

-~·-

ClO
CI>C..

Participation of
non-Partner states
Liability

..J

Business Risk
Access to and from
ISS
Accommodations
and Resources
Crew time and
EVA/IVA17

Utilisation Planning
Quality Control

cQ):

t/)
t/)

E
Q)

Q)C)

c: ~
·;; c:
~ ~

m~

Marketing

Existing Approach

New Approach

Contact space agencies of
different Partners
Consensus required by all
partners

Contact the UM Co. 15

Not solved for private
compan1es
Complex legal
framework
No clear protection
Tight regulation
of launchers
Limited availability for
commercial users
Limits crew time
available to the
commercial user.
High cost and high risk
MCB 1 ~ requires the
co-operation of the
five ISS Partners
Responsibility of the
individual Partners
By each individual
space agency

Interface with
commercial user

ISS Partners

Financing of
commercial ISS
utilisation

May be government
subsidised

Pricing

Unknown prices for
each ISS Partner

"C

c:
~

15

Apply directly to
the UM Co.
Cross waiver of liability
extended to private
companies
Clear and amended
leg_al framework
Clear IPR regulations
Private and
reusable launchers
More resources available
Increased crew time due to
increased automation and us
of robots to
minimise EVA
Conducted by the
UM Co. only
Companies audited
By UMCo.

UM Co., can tailor to needs
of commercial user
Government incentives
(e.g. "Zero-G, zero tax"),
new sources of
investment 19
Unified demand-based
pricing policy to be
determined by the UM Co.

United Management Company (UM Co.). See Chapter Three.
Intellectual Property Rights (IPR). See Chapter One.
17
Extra-vehicular Activity (EVA) and Intra-vehicular Activity (IVA). See Chapter Two.
18
Multilateral Control Board (MCB). See Chapter Three.
19
See Chapter Three.
16
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CASE STUDY ONE:
INTERNATIONAL SPACE SATELLITE
SERVICING STATION (14S)
6

Introduction

"All forms of communication need some kind of back-up or restoration processthat 's going to be the future of satellite communication"
(Ferster, 1999).
''Historically, satellites are lasting longer than projected. If a fuel replenishing
capability existed, satellites could remain in orbit even longer. On the other
hand, satellites become "outdated" soon after they are placed into orbit
because of rapid technological advances"
(Smith, 1996).
Previous missions of the US Space Shuttle have demonstrated the possibility of
satellite retrieval in space as with Westar 6 and Palapa B-2 (1984) or salvaging of
Intelsat 603 (1992). However, the efficiency of this system would be greatly improved
if a permanent satellite servicing station was developed, which could service satellites
whilst in orbit (Manouchehri et al. , 1993; Poplack, 1994; Sponable, 1984; Tetsuo,
1990; Tracey, 1987).
The ISS provides an ideal platform for a satellite servicing system, as it provides the
inherent flexibility of a manned base and offers storage capability for fuel and
hardware. The "International Space Satellite Servicing Station" (14S) could use the
ISS as an operational base for servicing satellites. It will permit refueling,
replenishment of degradables (such as batteries and solar arrays), replacement of
failed equipment and potential insertion of new technologies (MIT Lincoln
Laboratory, 1999). This service could be further facilitated by future spacecraft
designs with improved servicing capabilities.
The 14S system will adopt a staged approach, commencing with the servicing of
satellites in low Earth orbit (LEO). The initial service of refueling, servicing, and
orbital correction, will be feasible with Commercial Off-The-Shelf (COTS)
technology and will require only small modifications to existing satellites. An in situ20
re-fuelling service would also be immediately available, if satellites incorporated
further small design modifications (Pagano et al., 1993). Following developments in
technology (such as in satellite design and propulsion) and of a more autonomous 14S
system, the service could expand to include the servicing of satellites up to geostationary orbit (GEO).

20

At the satellite' s operational orbit.
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Moreover, this project may serve as a useful technology demonstration for future
commercial automatic satellite servicing systems, and as a first step towards on-orbit
spacecraft assembly.

7

Mission Concept

7.1 Services I Phases
The primary mission goal of this satellite servicing system is to provide re-fuelling,
refurbishment and upgrading of LEO satellites at the ISS or in situ. The potential of
re-boosting, or de-orbiting LEO satellites, plus the extension of the service to medium
Earth orbit (MEO) and GEO satellites will also be considered. Figure 4.1. provides a
visual representation of the concept.

Figure 4.1. The 145 Concept
The necessary hardware for establishing I4S consists of:
•

•

A space tug called " Aetos". This will be capable of navigating to the target
satellite, grappling it, interfacing with its fuel system, returning it to the ISS,
interfacing with the ISS and returning the satellite to its original orbit.
A Servicing Facility (SF) at the ISS, composed of:
An Anchoring Device and Refuelling Interface on the ISS (ADRI-I), to host
the tug (and retrieved satellite) during servicing.
Fuel Tanks, for storing the propellant to be fed into the satellites, fixed to
specific Tank Accommodation (TA) units.
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•

An Orbital Re-fueling System (ORS), tele-operated or operated by EVA
and capable of accommodating multiple end-effectors2 1 for interfacing with
the fill valve ofthe satellite.
A Satellite Grappling and Re-fuelling Interface (SGRI), to be added as a design
modification of a current satellite, capable of providing mechanical interfacing
with the grappling arm of the tug and possibly with the fuel system of the satellite.

Several generic mission phases for the re-fuelling, replacing or repairing of parts on a
satellite at the ISS can be identified and are presented below together with the major
operational problems to be solved within each phase:

A Satellite acquisitions:
a. Coasting (transfer of the tug to target satellite's orbit)
b. Proximity operations (rendezvous and grappling)
B. Satellite retrieval:
a. Coasting (transfer of the tug and the satellite to the ISS)
b. Proximity operations at the ISS (rendezvous, grappling and anchoring of tug)
C. Servicing at the ISS
a. Access to tanks or the parts to be replaced or repaired
b. Filling, repairing or replacing procedure
D. Re-orbit and separation of the satellite from the tug (or if the satellite is deemed
inoperable after all of the efforts, de-orbiting could occur for safety reasons)
E . Return of the tug to the ISS (or direct transfer to another satellite)
For the in situ re-fuelling, the mission phases will be simpler as the satellite to be
serviced must not be transferred to the ISS :

A Satellite acquisition
a. Coasting (transfer of the tug to target satellite's orbit)
b. Proximity operations (rendezvous and grappling)
B. Servicing in situ
a. Access to tanks or any other hardware to be serviced
b. Filling (or repair or refurbishment) procedure
C. Separation of the satellite from the tug and return of the tug to the ISS (or direct
transfer to another satellite).
For satellite re-boost, the mission phases will be as follows:
A Satellite acquisition
a. Coasting (transfer of the tug to target satellite's orbit)
b. Proximity operations (rendezvous and grappling)
B . Insertion of the satellite into the desired orbit, and separation of the satellite from
the tug (or, if the satellite is deemed inoperable after all of the efforts, de-orbiting
could occur for safety reasons).
C. Return of the tug to the ISS (or direct transfer to another satellite).

21
To interface with different satellites' fuel systems, the end-effectors will be developed in cooperation with the customers (operators or satellite providers) ad hoc for the unit to service.
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Figure 4.2 depicts the two different orbits of the ISS and of a satellite to be serviced.
The trajectory for the tug starts at the ISS orbit with a first engine bum to realise the
elliptical transfer orbit and a small change of the orbit inclination (co-planar orbit
transfer combined with a plane change). When the tug has reached the altitude of the
satellite orbit a second burn for the remaining change of the inclination and the
circularisation of the orbit is performed. The burns are commanded where the ISS
orbital plane intersects with the transfer orbit plane and where the transfer orbit plane
intersects with the satellite orbital plane (first bum and second bum respectively). A
rendezvous with the satellite is hereby achieved by choosing the inclination of the
transfer orbit and the time of the burns accordingly. In order to save propellant, the
transfer should be performed when the right ascension of the ascending nodes
(RAAN) of the two orbits are closest. This is always possible as, due to their different
altitudes, the two orbits recess at a different rate. Depending on the constellation, this
approach may, however, require a very good mission plan as waiting periods in the
order of 100 days (worst case) have to be taken into account before the actual transfer
can be performed. Appendix C shows in detail how a difference in RAAN between
the ISS orbit and the satellite orbit affects the overall transfer time (including the
waiting period, in which, "closer" satellites could be serviced).

AANISS

1.6

Figure 4.2. Typical Orbital Constellation for a Transfer from the ISS to a
Target Satellite (RAAN close together)
7.2 Evaluation of Alternatives
In order to provide a basic technical specification for the components of the I4S
system and to assess the economic feasibility of the project, the two main drivers for
the system architecture, the satellite constellations targeted for service and the tug
propulsion system will now be investigated.
Table 4.1 shows the main characteristics of Aetos for two alternatives of the
propulsion system: chemical and electric propulsion. A detailed mass breakdown of
the system for the baseline propulsion is provided later in Table 4.5. The two
thrusters chosen for the comparison are both available on the market. The chemical
hi-propellant engine is a Melnikov thruster with high total impulse and fueled by
nitrogen tetra-oxide (N204) and unsymmetrical dimethylhydrazine (UDMH).
Alternatively, the electric propulsion system uses a DASA-RIT35 ion propulsion
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engine, suited for a relatively low thrust cost (kW/N) and high thrust per unit
(Encyclopedia Astronautica, 1999; Tolyarenko, 1999).

Table 4.1 Aetos Characteristics in Relation to the Adopted Propulsion
System
Chemica/ (f)
Propellant
Specific Impulse [s)
Thrust [N]
Number of Thrusters
Total Thrust [N]
Total Mass of Thrusters [kg]
Total Power [kW]
Solar Arrays Mass [kg]
Dry Mass (including spacecraft propellant)
Propellant (tug including pressurants)
Wet Mass [kg]
<

1

>: Melnikov 110428

2

>: DASA RIT35

<

N204 I UMDH

Electric m
Xe

320
110
8
880
9
1
25
900
1050
1950

5000
0.02
5
1
200
35
247
1180
100
1280

Seven major satellite constellations are compared in Table 4.2, both for the in situ refuelling scenario and complete servicing at the ISS. The case of servicing GEO
satellites is also included. The approach for calculating the propellant mass is attached
in the Appendix C for the more complicated case of servicing satellites at the ISS.
The mass of propellant for the Attitude Determination and Control System (ADCS) is
assumed to be 5% of the wet mass of the satellite to be serviced and the orbital
manoeuvres are approximated as impulsive (only cases are considered where the
thrust to weight ratio is >0.05).
For the case of electric propulsion, the velocity change (LlV) required for the plane
change is assumed to be equal to the impulsive one, while a factor of two is used to
take into consideration the low thrust nature of the coplanar transfer maneuvers. For
this propulsion system, the time of flight (given in days) is evaluated using the
calculated total propellant consumed. A multiplying factor of two is then used to
compensate for the disuse of the electric thrusters during the shadow phase22 of the
orbit, as there is no energy storage device capable of maintaining the motor active,
due to mass limitations. In the case of chemical propulsion, the times of flight (in the
range of a few hours) are all rounded to 1 day, due to the impact of the satellite's
capturing and the berthing at the ISS.
The use of electric propulsion, although attractive in terms of fuel consumption,
results in exceedingly long servicing missions. This is due to its very low thrust level
and complex architecture of the tug and geometrical clearance at the ISS for the large
solar arrays resulting from the high power requirement. Therefore, although the
possibility of introducing electric propulsion in subsequent tugs will be considered in
view of future technology improvements, a chemical propulsion system will be used
for the initial tug of the 14S system.
22

The use of solar array generated power is limited to the portion of the orbit exposed to the sunlight.
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Table 4.2 Mission Parameters of Different Propulsion Systems Analysed
for the Servicing Certain Satellite Classes

In situ Re-fuelling Case
DV(8)
SkyBridg '
Orbcomrr
Globalsta
Leo One
ICO
FAisat
Iridium
GEO

Alt.(1) lnc.(1' Sat. Ma Ch. [m El. [m
1457
55
800
743 1438
785
45
43
949 1220
1414
52
450 493 1025
950
50
125 377 736
10355
45
2450 2729 5823
1000
83
100 NA
4558
780 86.4
689 NA
138
36000
0
1500 NA
10346

Fue l Mass (8)
DT(8)
Ch. [d El. [dd Ch . [kQl El. [kg]
1
41
484
51
1
34
670
46
1
29
284
41
1
23
204
38
1 191
8146
165
NA
143 NA
131
NA
153 NA
138
NA
394 NA
297

Servicing at the ISS Case

SkyBridg,
Orbcomrr
Globalsta
Leo One
ICO
FA isat
Iridium
GEO

l

1

DV (7
Ch. fm
743
949
493
377
2729
NA
NA
NA

El. fm
1438
1220
1025
736
5823
4558
4819
10346

DT (7)
DT(8
Fuel Mass (7)
Ch . [ddl El. fdd Ch. (d El. [dd Ch. [k~ El. (kg]
1
68
8 143 751
95
1
36
8
79 690
61
1
40
8
87 369
60
1
23
8
53 221
38
2 549
8 1105 25421
660
NA
156 NA
319 NA
254
NA
236 NA
479 NA
335
NA
817 NA
1641 NA
1079

>:I SIR. 1999

l

2

Fue l Mas:
Ch. [kg]
1458
1376
729
440
46524
NA
NA
NA

>:http://www .skybridg esatellite.com /inside/c

l3>:Jane's Space Directory, XIII ed. 1997-98, Jane's lnformati <4 >:/nternationaSate//ite Directory 1996. Desi
5
l >:T .Rudd ,

Leo One, Hotbird , Vo1.2, No.8, June 99, CEUT Global Satellite Res·

<S>: Iridium World Communications Ltd., 1998 Annual Report <7>: Fi ures for the worst case one wa t ri

fo

<8 >: Figures for the total servicing mission incl. tug refuelling a,.;.N.;;..A;_=...;..
N;..;..ot;..;.A.;.:;;P.:;.;PI;..;.
ic.::..:abrle;.....__ _.a.....__ ___.
Ch.= chemical propul! El.= electrical propuls ion

Alt.= Orbit Altitude

Inc .= Orbit In clination

Table 4.2 also shows that chemical propulsion systems have limitations. The potential
range of inclinations reachable (with a reasonable amount of propellant) by Aetos are
restricted to a few degrees around the ISS orbital plane of 51.6°, while the target
altitude is less critical. The maximum tank volume of the tug is designed taking into
account the limited propellant re-supply of the ISS logistic flights. It can be seen that
only SkyBridge, Orbcomm, Globalstar and Leo One are "serviceable" with a
reasonable propellant mass. The Orbcomm constellation might, however,
economically not be viable due to its simple and light satellite design, which favors
launch of a new satellite rather than refueling or repairing an existing one. It can also
be recognized that two satellites can principally be serviced with one mission (either
both in situ or the first in situ and the last one at ISS). The sum of fuel of a Globalstar
and a Leo One servicing at ISS (nominally 2 missions), as worst case for one mission
servicing two satellites, is less than the mass for servicing Skybridge.
The re-boosting mission will depend largely on the orbital parameters of the targeted
satellite. The problem should be addressed on a case by case basis, establishing the
feasibility of the mission after the customer request is known.
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Regarding the de-orbiting mission, the same constellations are considered in Table
4.3. The results are based on the hypothesis that Aetos will leave the satellite in a
circular orbit of 300km altitude, where the remaining lifetime of the satellite
(depending on the ballistic co-efficient and specific atmosphere condition) will be
between one and ten months (Larson, 1992).

Table 4.3 Mission Parameters of Different Propulsion Systems Analysed
for the De-orbiting of Certain Satellite Classes
IJe.atXting Oise

sa MJ:ssro

Alt ro
{Wij

Inc ro

Gr.[rrls]

B. [nts]

Gr.[cti]

B. [cti}

Gr.flfi

B. /J{J]

1457

55

800

1636

3216

1

74

100

785

43

2030

Z1'02.

450

1155

Z391
1814
11006

Iridium

10355
1COO
700

45
52
50
45
83
00.4

848
670

GEO

36000

0

SkyBridge
Orbconm
Globalstar
LEOone
ICO

FAist

1414
950

!1l:ISIR,

rJ

/J{J]

D.V

125

005

2450

$16

100

NA.
NA.
NA.

689

1500

tJ'

9980
9458

20978

Fuel Mass

34
45

'Z1

1
NA.
NA.
NA.

525
225
149

72E

447
'Z14
28933
NA.
NA.
NA.

46
69
46

680
346
264

1097

19:9

The specifications for dimensioning the system are intended to maximise the number
of serviced commercial satellites, given the mentioned restrictions imposed by the
impact on the ISS and by the logistics of the project.
Taking into consideration the system' s limitations arising from this analysis, the
technical boundaries will set the possible target satellites as follows:
•

Status and service:

Table 4.4. Status of the Target Satellite and the Service Provided
Status of the Satellite
End of mission lifetime due to propellant
consumption. All systems operative.
Total or partial failure of the satellite
mission due to defective deployment of
solar panel, antennae, etc.

Service Provided
Re-fuelling in situ or at the ISS to extend
the satellite mission lifetime
Repair or replacement of the failed or
malfunctioning part at the ISS.
(Possible in situ operation as future
development)
Erroneous injection of satellite due to Re-boost of the satellite to the transfer or
launch vehicle malfunction. Satellite in operational orbit.
nominal condition.
Extension of life of satellite not De-orbit the satellite.
worthwhile.
considered
Satellite
considered a threat to the ISS and/or other
space assets or Earth
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•

Orbit: LEO, with the maximum altitude depending on the mass of the satellite to
be serviced and/or the specific mission. Altitude can be traded for the plane
change with respect to the ISS orbital plane for both, the in situ and the retrieving
mission, while for the latter also the mass of the satellite plays a fundamental role.

7.3 Operations
While in transfer between the ISS and the satellite to be serviced, command and
control of Aetos will be performed by a ground station. The transmission of telemetry
and commands will be established using two omni-range antennae (S-band, 1 kbps
data rate) . For determining the trajectory to the satellite autonomously, precise
ephemeredes have to be transmitted to Aetos from the ground.
Aetos will be equipped with its own tracking hardware for approaching a satellite.
This has the advantage that the approach operation can be performed without the need
of several tracking stations distributed over the globe. NASA' s Tracking and Data
Relay Satellite System (TDRSS) could have also been used for tracking satellites in
LEO provided the satellites have standard Tracking Telemetry & Control (TT&C)
hardware onboard. However, this alternative has been discarded, as commercial
satellite constellations do not use standard TT&C hardware and thus, tracking a
satellite in higher orbits (potential future expansion of service) is not possible.
The approach to the satellite and the rendezvous will be performed autonomously by
the onboard tracking and ranging sensors. The grappling of the satellite as well as an
eventual in situ servicing will be conducted tele-operated from ground using a high
data rate Ku-band link for real-time video transmission (12Mbps data rate). In order to
obtain the continuous coverage required in this phase, the link will be established
using a commercial satellite telecommunication service, or the TDRSS.
For safety reasons, the control ofthe mission will be transferred to the ISS once Aetos
and the satellite are in proximity of the ISS. The tug carrying the satellite will
therefore be directed to the designated box to be grappled by the SSRMS and thus
placed on the ADRI. Tele-operations, or astronauts in EVA, will then connect the
fuelling arm to the filling valve of the satellite, thereafter completing the re-fuelling
operation in fully tele-operated mode. For the specific re-fuelling strategy, among the
possible alternatives (direct fuel transfer, tank exchange, and propulsion module
exchange), direct fuel transfer is used (Manouchehri et a!., 1993). For proximity
operations at ISS, Aetos will also be equipped with a UHF communication system.
After completion of the fuelling operation, the SSRMS will perform the release of the
tug and satellite from the ADRI. The control of the tug will remain at the ISS until the
· tug and satellite have reached a safe distance, thereafter being taken over by the
ground control center, until the repositioning of the satellite in its operational orbit is
completed.
After completion of the servicing mission, the tug will move directly to the next
satellite scheduled for service, or go back to the ISS if required.
The hardware that needs to be installed onboard the ISS will be brought to the Station with an
STS flight. Three tugs will be needed for the 9 years of the first operational phase (using the
ISS) of the 14S system . They will be launched by the US Space Shuttle. Soyuz will be used to
launch the Progress cargo vehicle with the consumable re-supply for the service. Both the
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propellants for the tug and for the satellites will be carried to the station in re-useable tanks
which , once emptied, will be replaced by new full ones. The handling of the tank on the ISS
(from the cargo vehicle to the ADRI) will be carried out either by the SSRMS or by EVA.

8
8.1

Technology
Aetas

To maximise the reliability and simplicity of the Aetos spacecraft and to minimise the
cost of the system, COTS components will be used to the maximum extent.
The Aetos design responds to the major requirements imposed by the I4S mission and
to the restrictions given by the boundary conditions in which it will operate. Aetos
should therefore:
•
•
•
•

•
•

Have the capability of autonomous navigation to diverse orbits
Possess fine attitude control for proximity operations (both in vicinity of the target
satellite and the ISS)~
Provide communication with ground (data for tele-operation, house-keeping and
commands)
Grapple the target satellite in tele-operated mode (under direct control from
ground) and provide possibility for re-fuelling in situ; only 3-axis stabilised
satellites are considered;
Transport the target satellite to the ISS (i.e. adjust its guidance and navigation
system to a different inertia matrix when the satellite is grappled);
Provide an interface to the SSRMS.

To satisfy these overall requirements, a 3-axis stabilised spacecraft with chemical hipropellant propulsion, low and high data rate communication, dimensions of
approximately 2.6 x 1.5 x 1.5 meters and total mass of approximately 1950kg (tug
propellant mass of 1050kg and a propellant mass for satellite re-fuelling of 100 kg) is
designed (see Table 4.5 for the mass breakdown). The structure is a simple box-like
configuration, divided into 3 distinct compartments. Figure 4.3 shows a 3D view of
the tug and Appendix 3 gives the corresponding isometric views.
The lower compartment contains the propulsion system, which is composed of the
tanks (plus the pressurising gas bottles), the liON thrusters for orbital transfer and the
ADRI on Aetos (ADRI-A). The latter facility is attached to the lower panels external
surface and will contain sensors to assist berthing operations at the ISS. The middle
compartment is the Aetos Bus Platform (ABP) and will provide the space required for
batteries and other subsystems. The outer sides of the ABP top panel will provide
support for the payload, the Aetos Servicing Platform (ASP) in the third segment. The
ASP hosts two re-fuelling tanks, the Aetos Grappling and Re-fuelling Arm (AGRA),
laser ranging equipment and other sensors to assist the approach and capture of the
target satellite.
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AGRA

Ranging
Sensor

Aetos Servicing Platform (ASP)
Propellant Management
& Transfer System

Bus Platform (ABP)
Ku-band anterma

f,i

Thruster Cluster

& UHF band antennae not shown)
Tank & Propulsion Module

Figure 4.3. A Preliminary Sketch of the Aetos Spacecraft

The AGRA, ASP and payload will be described separately as components to be
designed and built specifically for the I4S system, although even for these items,
R&D is minimised due to previous similar equipment being already studied and
realised (Hamilton, 1989; Manouchehri, 1993). The other subsystems make use of
COTS components.
8.1.1 Subsystems

•

Propulsion:
Provided by 8 hi-propellant thrusters (Melnikov 11D428), positioned in pairs at
the lower platform corners (associated with the ACS thrusters). This configuration
allows for sensitive manipulation of the thrust vector direction during the
navigation phase after capture of the target satellite. The 4 tanks for each
propellant, UDMH and N204, have together a capacity of 480 litres ( 682kg N20 4
and 379kg UDMH, with a mixture ratio of approximately 1.8), and are equipped
with a deformable metal bellows expulsion system, pressurised by nitrogen gas.
Approximately 26kg of nitrogen are contained in 8 pressurised bottles (each of 14
litres capacity, pressurised at a maximum of 190 bar). Refilling valves and
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connections are provided for the ADRI-A, while the helium gas is re-pressurised
within the bottles by compressors on the ISS.
•

Attitude & Orbit Control Subsystem (AOCS):
Attitude determination is provided using an Inertial Measurement Unit (IMU), as
well as Earth and Sun sensors, located on the ABP, where the corresponding
electronic equipment is also located. Eight clusters of UDMH-N20 4 propelled
thrusters, each located at a comer of the spacecraft, perform the attitude control.
Four ofthese clusters have tri-axial control capability (two on the lower and two
on the upper panel) and four are situated alongside the main propulsion thrusters
on the bottom panel. During the transfer of Aetos from ISS to the target satellite
(and vice versa), the IMU and a Global Positioning System (GPS) are used for
position and velocity determination, while a redundant processing unit will control
the autonomous navigation system (supervised from the ground via telemetry and
telecommand.
In order to minimise the propellant during a transfer with a grappled satellite, the
centre of gravity (CoG) of the satellite will be positioned as close as possible to
the line defined by the tug CoG and the thrusters. Any remaining offset between
the satellite CoG and the thrust direction can then be compensated by
corresponding (differential) commands of the 8 main thrusters.

•

Command and Data Handling Subsystem (C&DHS) :
Commands and data storage unit and processing electronics are hosted in the
ABP .

•

Communications:
The low data rate Ultra High Frequency (UHF) link for proximity operation at the
ISS and the S-band command and telemetry link with ground each use 2 low gain
antennae which are located on the two opposite side panels of the ABP not used
by the solar panels. Also the Ku-band link for real-time video transmission to
ground is located on one side panel. This link is established via a steerable high
gain antenna pointing to a data relay satellite for global coverage.

•

Thermal Control Subsystem (TCS):
It will consist of Multi-Layer Insulation (MLI), located within all the exterior
walls of Aetos, while heaters and thermostats are provided to the most sensible
elements (such as the re-fuelling tanks and the re-fuelling lines integrated in the
AGRA).

•

Power:
0.6 kW (EOL) of power will be required by all the systems of Aetos. Two rigid
solar panels (1.5 x 2m each) will provide a total power of 1.2kW (EOL), leaving
ample margins for recharging the four NiH2 batteries (500 Whr each), providing
power during eclipse periods. The "over-dimensioning" of the solar panel area and
the possibility of providing improvement of the solar aspect angle via proper
attitude control, permit the use of solar panels with one degree of freedom for sun
pointing. Power management and distribution units, as well as the batteries, are
located in the ABP.
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•

Structure:
Aetos will have a box-like structure, composed of four lateral columns plus three
supporting platforms (stringers reinforced where needed) and lateral skin panels.
The side opposed to the high gain antenna will host the SSRMS interface. The
interface to the fueling and grappling arm is locally reinforced to distribute the
loads generated by a grappled satellite during tug acceleration.

8.1 .2 Power and Mass Budget
Tables 4.5 and 4.6 report the overall power and mass budgets for the Aetos
spacecraft.
Table 4.5 Power Budget for Aetos

Subsystem

Assumption

Propulsion
Thrusters (during firing, proximity operation/orbit transfer)
Piping and control valves
AOCS
IMU
6 gyros
2 receiver
GPS
2 sensors each
Earth & Sun sensors
Electronics
C&DHS
Communications
Ku-band receiver &transmitter, antenna pointing mechanism
UHF band receiver &transmitter
S-band receiver & transmitter
TCS
Heaters (5% of operational power, [Larson 92])
Power
Electronics (SADMs, HDRMs)
Power management, & distribution unit
Battery recharge power
Structure
Harness losses
Payload
Robotic arm control electronics
Laser range finder & cameras

Total (proximity operation/docking)
Total (orbital transfer)
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Power [W]

llO

50
10

10

25
5
5
15
20

25
5
5
15
20

40
10
10

10

30

30

10 10
180 180
600 440
20

20

150 20

1200
880
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Table 4.6. Mass Budget for Aetos with Chemical Propulsion
Subsystem

Assumption

Propulsion
Tanks (including pressurant tanks)

135
(20x 1N, 8x 110 N)

Thrusters
Piping and control valves

Mass [kg]

30
10

AOCS
IMU
GPS

6 gyros
2 receiver
2 sensors each

Earth & Sun sensors
Electronics
C&DHS

5
2
8
10
15

Communications
Ku-band steerable antenna
UHF band antenna for proximity operation
S-band antenna (omni-directional)

15
10
10
30

Electronics
TCS
Heaters, Thermostats

15
10

MLI, stand-offs etc.
Power
2
2
Solar array (1.2kW BOL, 6m , 4kg/m )

25

Solar array drive mechanism

6

Hold-down & release mechanisms
Electronics
Power management, & distribution unit
Batteries (2000Whr, specific energy density 34 kWhr/kg).

4

Structure (including Harness)

5
10
60
170

!Payload
Robotic arm (6 hinges, 4 m, 5000kg payload capability)

150

Robotic arm control electronics
Laser range finder & cameras
ISS related grappling and docking tools
Tanks for spacecraft re-fuelling

15
20
20
10
Dry Mass

800

Max. VVetMass

1050
100
1950

Propellant
Tug (including pressurants)
For satellite re-fuelling (including pressurants)
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8.1.3 Servicing Module
The Servicing Module of the Aetos provides all of the means for grabbing the satellite
and making the necessary interfaces and connections for towing and re-fuelling it.
This module consists of the following parts:
•
•
•

Aetos' Grappling and Refueling Arm (AGRA)
Propellant Management and Transfer System
Carrier Assembly

Aetos will capture the target satellite through a berthing and grappling operation. As it
approaches, ground control should set Aetos in the appropriate position and attitude
for berthing. For proximity operations, a very precise distance measurement system is
required. The proposed system uses passive laser ranging with several high-intensity
reflectors on the target satellite. When Aetos and the target satellite are at zero relative
velocity and at an appropriate distance and attitude, ground control will perform the
grappling operation with the robotic arm.
The grappling and re-fuelling arm is a 4m long, tele-operated robotic arm with 6
degrees of freedom (three booms and three joints: the shoulder joints, the elbow joint,
and the wrist joints). The shoulder joints provide pitch and yaw motion, the elbow
joint provides pitch motion, and the wrist joints provide pitch, yaw, and roll. Since the
robotic arm also provides the re-fuelling lines, the roll motion of the wrist will be
limited to 45 degrees clock-wise and 45 degrees counter-clock-wise. The feed lines
consist of a thin elastic tube of a material compatible with the different propellants
and pressurants. In order to withstand the high internal pressure during the re-fuelling,
the tubes are surrounded by a metal sleeve (flexible mesh). When un-pressurised, this
arrangement does not produce excessive resistive torques and allows the movement of
the robotic arm via its hinge actuators. Lights and three video cameras provide the
required vision for the ground operator. One camera is located on the base of the arm,
one on the elbow and the third one on the wrist. The end effector provides the
mechanical connection, the engagement mechanism to mate with the satellite refuelling lines, and the data transfer interface with the satellite.
The mechanical connection will be rigid enough to enable the towing operation. When
the mission is an in situ re-fuelling of the satellite, the propellant line coupling system
(of the end effector) will mate with the satellite re-fuelling lines and perform the
refueling. The design of this arm is based on the design of the European Arm used on
the ISS with the provision of propellant feed lines and coupling interfaces (Hamilton,
1989; Manouchehri et al. , 1993; NASA JSC 2, 1997).
The serviced satellite should have a grapple fixture with a mechanical and propellant
coupling, as well as a data interface. These interfaces are standard and compatible
with the end effector of the robotic arm. The mechanical interface should have the
required structural stiffness for grappling, towing and moving the satellite. During refuelling missions, the propellant line-coupling interface will engage the propellant
feed lines of the arm with the re-fuelling lines of the target satellite. Since re-fuelling
of satellites with hi-propellant propulsion systems is also considered, the end effector
has two propellant engagement interfaces for the possible two re-fuelling lines of the
satellite and a interface for the re-pressurisation of the satellite tanks after filling. On
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the satellite side, the propellant line-coupling interface should also have the required
connection lines to each tank, compatible with the end effector.
The data interface transfers the operation and status data of the grappling and refuelling operation (such as the propellant gauge readings, possible leakage and
operational anomalies) via the arm to the Aetos communication system.
The operational status and data from the cameras, laser ranging systems and sensors
will be sent to the ground station via the Aetos communication system. The ground
control center will provide the operators with the required interfaces for operating the
arm and performing the re-fuelling operation. The interfaces include three video
displays (with graphic overlays), a command data panel with graphics display and
command menus, a hand controller for operating the arm, the control switches, and
the control computer, with its keyboard and monitor. As the commands and modes are
altered, the graphic displays and video overlays change and provide status
information, command menus and subsystem schematics. Operator errors and
anomalous events result in automatic cautions and warnings. During grappling andrefuelling operations, the sequence of events is displayed as a checklist for the operator.
Grappling and re-fuelling through tele-operation is a complicated and risky task.
Therefore, the operators should be highly trained and skilled. Use will be made of
comprehensive simulators for training and maintaining the skills of operators. The
software should be continuously upgraded and controlled.
The propellant management and transfer system consists of two fuel tanks, a
pressurant tank, control valves, interconnecting propellant lines (that pass through the
robotic arm), flow meters and the command/telemetry electronics associated with the
propellant transfer operation (Waltz, 1993). The operational steps for the tank filling
are then:
•
•
•

Depressurisation of the satellite tank via a relief valve on the tug;
Refilling of the satellite at low pressure;
Pressurisation of the satellite tanks via the pressurant line from the tug.

The maximum pressure in the pressurant tank used for the re-pressurisation of the
satellite tanks is 400bar (compared to the 190 bars in the pressurant tank of the tug
propulsion system, see 1.3.1.2). The filling pressure achievable with the pressurant
tank depends on the ratio of the satellite pressurant tank size to the size of the tug
pressurant tank used for refilling.
The Aetos Servicing Platform (carrier assembly) houses AGRA, the propellant
management and transfer system, and also provides as well the connections for the
data communication system with the Aetos bus. This assembly and its connection
interfaces will be standard, so that they can be easily assembled on other Aetos buses.
8.1.4 Anchoring Device and Refuelling Interface (ADRI)
The Anchoring Device and Refuelling Interface (ADRI) is directly located on the
External pallet (EP)-like structure that will be placed on the P3 truss segment of the
ISS (zenith-facing). This platform houses the fuel tanks for re-fuelling the target
satellite and for Aetos itself. The ADRI, on Aetos' lower panel external surface
(ADRI-A), will attach to the anchoring devices at the ISS (ADRI-I). The ADRI-A has

141

Part Two: Case Studies

mechanical, re-fuelling, data and power interfaces. These are basically power and data
interfaces, which will mainly be used for re-fuelling Aetos, preparing it for operations
and for providing data regarding the status of the fuel tanks and operations.
The operations of ADRI are controlled from within the ISS. The ADRI has the same
standard interface with the ISS truss as an EP, therefore few modifications will be
needed on the ISS truss. The propellant storage tanks (or PSMs) are transported via
logistics flights to the ISS and transferred from the supply vehicle to the ADRI by the
SSRMS. No additional piping will be needed on the ISS.
8.2

Modifications to Satellites' Design

As already mentioned, some modifications of a current satellites design are necessary
to implement the I4S concept. In its simpler form, these will include the reflecting
surfaces of the laser ranging system, the proximity sensors signal reflector and the
grappling "handle" for mechanical interfacing. In the case of in situ re-fuelling, the
necessary fluids' lines and data interfaces have to be provided. The specifications of
the interfacing elements will be agreed upon in co-ordination with the interested
satellite manufacturers, in order to assure the maximum level of standardisation and
the lowest impact on production costs. These standardisations should be in the areas
of the grappling handle, and the propellant and data interfaces. The thermal protection
system should provide thermal control of the propellant lines near the outside surfaces
of the satellite. The structure of the satellite might require local reinforcement to
withstand the operational loads introduced at the grappling handle.
8.3 Impact on the ISS
The impact ofthe I4S system on the ISS will be examined in five key areas: logistics,
hardware, operation, resources and the environment.

8.3.1 Logistics
The fuel for Aetos and the target satellite will be initially transported to the ISS in a
propellant storage module (PSM), with tanks attached to an EP-like adapter for
example. This adapter will be directly mounted onto a Payload Attachment Structure
(PAS) of the P3 truss (zenith facing). The adapter will be a tailored design to
overcome the launch limitation of a standard EP (only 1350kg payload capability)23 .
The PSM will enable the accommodation of fuel for Aetos (UDMHIN20 4) and the
target satellites (for up to four different types of fuel) for at least two servicing
missions taking place at the ISS, or 4 in situ missions. For the re-supply, empty tanks
are individually exchanged by the SSRMS. With the current servicing scenario, it is
anticipated that re-supply of propellant will take place once every three months.
The hardware that is initially needed for re-fuelling will be mounted on the same EP.
The mass of each module or pallet and the frequency of flights to the ISS is as
follows:

23

:

The hardware to be installed on this structure will have a total mass of 3000kg.
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Table 4.7. Mass of Propellant Storage Module (PSM) and External Pallet
(EP) and the Frequency of Flights to the ISS
Facility
PSM
EP
PSM (average for resupply)

Mass (kg)

Frequency to ISS

3000

1 over lifetime
1 over lifetime
4 per year

1375

2000

8.3.2 Hardware
As mentioned previously, the I4S system will require an Orbital Re-fuelling System
(ORS) and an ADRI-I. The interface between the ORS and the propellant storage
module consists of a system of pipes and pumps, which will fill and pressurise
propellant in the tanks of the target satellite and Aetos. Flow control devices (valves)
plus a tele- or EVA-operated robotic umbilical with a fluid connector interface for the
propulsion system of the satellite complete the system. The ADRI-I provides the
docking facility for Aetos while its propellant tanks are being refilled and the target
satellite is serviced. Being directly in contact with the ISS via the ADRI, Aetos can be
refilled without the need for a second robotic umbilical.
The installed hardware is operated via the utility interface (power and data) of the
Payload Attachment Structure (PAS). Operating electronics for the thermal control of
the tanks, the ORS and the ADRI-I (latching and release mechanism) are installed in
Standard Experiment Drawers (SED) for European Drawer Racks inside the ISS. The
current assumption is that two SEDs are required for re-fuelling using EVA and three
SEDs for re-fuelling by tele-operated fluid handling.

8.3.3 Operation
24

The transfer of hardware from an ISS Logistics Carrier to the PAS on the P3 truss of
the ISS is performed with the SSRMS. External hardware is assumed to require five
hours of SSRMS/IVA, while internal hardware would require two hours IVA,
including the verification of the relevant systems. Similarly, every re-supply of
propellant would require five hours SSRMSIIVA.
The I4S system will require five hours of IVA time for proximity operations, the
docking of Aetos with SSRMS and the operation of the ORS. One hour of EVA (or
IVA, in the case of a tele-operated umbilical connection) will be required to connect
and to disconnect the umbilical from the serviced satellite. Two EVAs (8h each) are
additionally needed per year for inspection and maintenance.
As stated in the mission scenario, command and control of Aetos, while in transfer
between the ISS and the target satellite, will be performed from the ground. Ground
control of Aetos activities (transfer and satellite grappling) would require six hours of
operation time per nominal servicing mission. The Aetos operation centre may be
cost-efficiently integrated into the ISS operation centre.

24

ISS logistics carriers include the US Space Shuttle, HTV, Automated Transfer Vehicle (ATV) and
Progress vehicle.
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8.3.4 Resources
Apart from the above mentioned crew time the ISS resources affected most by the
proposed service are power and volume25
Power is continuously demanded for the thermal control of the tanks. During service
operations, additional power is only needed for the operation of the tele-operated
umbilical. Once docked with the ISS, Aetos will provide its own power from its solar
arrays for operating the pumps and valves. The power is transferred from Aetos to the
Servicing Facility (SF) via an electrical interface integrated in the ADRI. The
respective mean power consumption is as follows:

Structure
Pumps and valves
Thermal tank protection
Tele-operated umbilical (if no EVA)

Power
lOOW

sow

400W

Duration
6h
permanent
lh

Of the 1.2 kW generated by the Aetos, only a maximum of about 600W will be
needed by the 14S system during peak demand (fueling operations and corresponding
battery charging). The excess power of 600W will be offered to the ISS, valued at
actual resource price, or as an in-kind contribution26 .
The area occupied on the truss by the SF is equivalent to a standard EP (2 x 3 m).
Internally, the ISPR volume occupied corresponds to the size of 2 SEDs (3 in the case
of tele-operated fluid handling.

8.3.5 Environment
The operations in the premises of the ISS will cause degradation of the microgravity
condition, and will thus have to be scheduled in order to avoid problems for the
quiescent periods. Anyway, due to the use of berthing procedures via the SSRMS, and
the subsequent operational scenario, the disturbances will not exceed those caused
normally by other crew activities (either IVA or EVA).
Another aspect to be considered is the possibility of having the satellite's solar arrays
shadowing the ISS panels, although the position of the SF should render this effect
minimal. A case by case approach to the problem will be necessary, taking into
consideration that the possibility to transfer power from the tug to the ISS would
mitigate the impact of this event.

Table 4.8 summarises the ISS resources required by the I4S system, with the
corresponding quantity needed and frequency. A comprehensive list of the resources,
in terms of cost-items, is given in section 5 of this chapter.

25

See section on Accommodation and Resources in Chapter Two.
:In the case of an existing Unified Management body (see section 2), the possibility to sell this power
to the ISS users through the facility provider would be assured (see section on business of this chapter)

26
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Table 4.8. Summary of the ISS Resources Needed by the 14S System
Item
ISPR
PAS
SSRMS

IVA<4 >

EVA

Quantity
1tiJ
1 t:t)
Sh
S hire-supply
S himission
Sh
Shire-supply
Shimission
1himission
12 h
(2himission

Power

sow

Comm.

(up to) Shimission

Frequency
Always
Always
Once
4 times/year<:s>
8 times/year<:s >
Once
4 times/year<J>
8 times/yeartJJ
8 times/yeartJJ
Once
8 times/year<3 >
Always
8 times/year<:s>

Motivation
System hiw (internal)
System hiw (external)
System set-up
H/w {supplies) movement
Aetos berthing
System set-up
Supply operations
Aetos berthing
Servicing
System set-up
Non-automatic servicing)
H/w (tanks) thermal control
Telemetry I control (1 kbps)

\IJ,

. Use of the ISPR mcludes the relative power, data and commurucat:J.on resources.
of the PAS includes the provision of the standard interfaces with the ISS systems and resources.
3
< >: The number of servicing missions (at the ISS) is supposed (for cost analysis) to be 4 the first year, 8
the second, and 10 from the third year on.
4
< >: The IVA time required to operate the SSRMS is here calculated as a separate resource from the
SSRMS time itself.
2

< >: Use

9

9.1

Policy and Law
Political Issues

The I4S project is a very ambitious and forward-looking venture. In order to make it
possible there are a number of political factors to be taken into consideration. They
will be present at different levels, from the Partners relations down to national
industrial policy.
The development of a facility to refurbish and refuel satellites in orbit will greatly
affect the satellite market and, indirectly, the whole space business. A longer life
expectation for satellites will change marketing strategies, financial analysis and
business plans, as well as the price of satellite-based services to the end users. The ISS
as the first international permanently manned platform can make this possible. This
revolution in the space sector will require an adequate understanding of the
importance of the ISS by policy-makers and will have to be supported by the
necessary political measures. Gaining the support of decision makers, at all levels and
in many different sectors, is therefore crucial to the successful development of this
project

9.1.1 The ISS framework
There is the need to create the necessary political climate between the Partners for I4S
to be based onboard of the ISS. It is instrumental to clarify the necessary legal
framework, as nothing specific to this regard is mentioned in the present legal
instruments ruling the relations between Partners.
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The very nature of the I4S project makes it a major undertaking that requires a
devoted reflection by the Partners. The drafting of international agreements between
the Partners is needed to clarify the conditions to which this service is submitted.
However, if the declared political will towards commercialisation exists, such a phase
should not present a major obstacle. This phase will involve talking and negotiations
between the Partners and probably some pro-active lobbying activity from the
promoters of the project.
Involvement of representatives from interested industries during the negotiations,
even in a consultancy role, might also be envisaged in order to develop a set of rules.
These rules should take into account the view of those who will have to adhere to
them.

9.1.2 Industrial Policy Considerations
The possibility to refurbish and refuel satellites in orbit might be perceived as a threat
to existing satellite manufacturers. Unless a considerable effort is spent to collaborate
with them in the venture, they might take an opposing position to the proposal. If the
whole satellite manufacturing industry decides to oppose the project, it might use their
weight with national authorities to jeopardise the establishment of the framework
needed. Under the influence of industries, some Partner states where the space
industry is well organised and powerful enough could hinder talks and prevent
decisions to be taken.
Another major consideration in terms of industrial policy is standardisation. The
effectiveness of the service could be improved significantly if desired modifications
are implemented by the satellite manufacturers. It will be therefore important that the
project backers seek the support of the main standardisation bodies in space products
(where they exist). Again, it is crucial that satellite manufacturers are involved in the
venture so that they become stakeholders and are ready to accept any change for the
sake of the service.
Alternatively, a promotional actiVIty can be carried out with potential satellite
purchasers so to convince them of the benefit of the service offered. They can then
force the satellite manufacturer to implement the necessary changes.

9.1.3 Foreign Policy Considerations
Nowadays, satellites are an important part in vital systems for many countries (vital
systems such as intelligence, defense, communication and observation). Whereas we
assume that a commercial venture is given free hands as far as customs are concerned,
the ISS Partners, who still remain the owners of the facility, might find it politically
inappropriate that a particular satellite is retrieved and refurbished at a given moment.
This problem might represent a major uncertainty factor and a commercial risk for the
I4S company. In order to reduce these to a minimum, provision should be made in the
enabling agreement between the Partners and the I4S Company. This is also to avoid a
single Partner from preventing the Company from servicing a satellite without the
consensus of the other Partners.
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9.2

Legallssues

9.2.1 Notification and Consensus Between all the ISS Partners
As mentioned in Chapter Two, Article 9 paragraph 3 (a) of the IGA, which imposes
the need for timely notification of any proposed use of a user element by a nonPartner entity or private entity, and consensus among all Partners through their cooperating agencies, causes a cumbersome compliance process. The process is not
made any simpler for the private entities of the Partners because the pattern of cooperation put in place through the MOUs has been described as the 'hub and spoke'
approach, similar to the pattern adopted for air transport in a number of countries. In
this instance, NASA is the hub and all of the other co-operating agencies are 'spokes '.
The consequence of such a pattern is, for example, that any major additional activity
on the ISS will affect the delicate balance of commitments made in the MOUs
transiting through NASA, which is party to all ofthem. Since NASA is a party to all
of the MOUs, mention should be made of the Implementing Arrangements, which are
subject to the MOUs (to which again NASA is always a party).
9.2.2 Jurisdiction and Conflict of Laws
Due to the very nature of the satellite servicing mission concept, it will be necessary
to deal with differing and conflicting jurisdictions especially when conflicts arise, as
stated in Chapter Two.
9.2.3 Liability
The resources of the ISS affected by the proposed serv1cmg include the abovementioned crew and facility time regulated by the utilisation and resources sharing
procedures laid down in Article , paragraph 3, of the respective MOUs, in addition to
power and volume. The issues that can arise from the use of astronauts in terms of
possible liability from damage caused and the consequent implications on insurance
will be discussed more explicitly in the course of this chapter.
Liability issues that could arise from carrying out the satellite servicing mission are
crucial. A commercial user of the ISS will necessarily need to take out very costly
insurance and cover against product, first and third party liability: liability that may
occur to parties that come within the exceptions to the scope of events covered by the
cross-waiver of liability provisions of the IGA in Article 16 paragraph 3 (d) discussed
herein before. The form of liability could include one or more of:
•
•
•

Liability towards the ISS and its Partners or any individual or facility thereof for
the activities carried out onboard or within proximity of the Station;
Liability towards the customer for the activities connected with retrieving,
servicing and re-orbiting the spacecraft;
Liability towards other spacecraft owners and operators for damages caused to
other satellites during I4S activities.

With regard to insurance, it is advised that the premium rate to cover the risk of losses
and liability should be as much as 25% of the cost of executing the service and should
also consider personal accident insurance for the crew members who will conduct
EVA.
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9.2.4 Intellectual Property Rights (IPRs)
IPR issues might represent a very sensitive area. A set of binding rules will have to be
worked out, in addition to the existing ones, in order to guarantee the spacecraft
owner vis-a-vis the satellite servicing company for the services. These rules should
also take into consideration the role of any other individuals (such as the astronauts)
sub-contracted to carry out specific tasks on the serviced satellites.
For the adequate protection of the IPRs the measures identified in the common issues
section are recommended and the following contractual issues have to be addressed in
the contract between the service provider and the utiliser:
•
•
•
•
•

The exact definition of the service to be rendered, whether it is re-fuelling,
refurbishing or repairing the spacecraft and to what extent these have to be done.
The exact point of transfer of risk and responsibility between the spacecraft
owner(s) and the service company
The responsibilities of the sub-contractors
The roles of the astronauts, especially when they are an international crew.
The liability of the service provider in case of being unable to perform the agreed
services

9.2.5 Orbital and Debris Issues
As was stated earlier, two kinds of missions are anticipated: satellite servicing at the
ISS or in situ servicing. One should stress that there-boosting mission raises peculiar
issues with regard to the renewal of the right to occupy and use an orbital slot that is a
resource which is not subject to appropriation of any kind. The acquisition and
retention of property rights to orbits (orbital slots) confer acquired rights to use outer
space or a part of it and does not confer a right to own the same.
Additionally, all satellites (both in the geo-stationary and non-geo-stationary orbits)
use the radio frequencies allocated to space services by the Radio Regulations. Their
adoption through international conferences of the International Telecommunication
Union (ITU) implies that arrangements will have to be made following the Radio
Regulations of the ITU to ensure that an orbital slot into which the satellite can be
injected upon boosting is readily available. Similarly adequate arrangements need to
be made regarding the availability of radio-frequency spectrum which again is a
scarce resource. Furthermore, during the course of this work, it has been stated that
there is an uncertainty due to the possibility of abandonment of liability from a deregistration process under the Registration Convention. The uncertainty makes it
difficult to determine whether it is the authorising or supervising state that has control
and jurisdiction over a satellite that has reached the end of its lifetime or an insurance
underwriter that bore the risk of failure by the satellite during its entire lifetime.
10 Business
10.1 Summary and Executive Overview

A main aim of this venture is to be the first in the satellite servicing market and to
propose a "one-stop-shop" concept, to recover a satellite considered as either a
constructive total or a partial in-orbit loss, to a customer.
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The important and distinct function of a satellite servtcmg mtss1on is that the
performance of service operations requires the use of the ISS as a "garage", a
servicing platform and the ISS crew members as an in-orbit workforce.
The mission enables engagement of a service provider for private satellite operators
interested in servicing satellites. Initially, the targeted customers are operators ofLEO
satellite constellations. Some of these constellations are scheduled for full operation in
the next 3-5 years, with a possible need for satellite servicing from 2005. There is also
a demand for servicing of GEO satellites injected into a wrong orbit.
This service is an option to decrease the average cost of deployment per satellite for
these satellite operators. Governmental space agencies should be treated as a potential
market (Uhran, 1999).
Market research has been conducted among existing (e.g. Iridium) and future (e.g.
Leo One, Ell ipso) LEO satellite constellations. It shows that there is a potential
market for a satellite servicing system in spite of the fact that the cost of building and
launching the satellites is less expensive and favours the use of a sparing program
(John, 1999).
The 14S venture should invite LEO satellite operators and satellite manufacturers as
major partners and investors. Assuming a servicing scenario as detailed earlier, the
venture will require US$834M to cover research, development and production costs
for deployment of the system and between US$224M and US$273M annually for
operations. The satellite servicing mission will be sold through a commercial
company that will design the mission and run all technical, legal, political, and
business issues involved. The venture will operate in the form of a limited liability
company and will be made up of experienced space industry professionals with
representatives of customers/investors in the Board of Directors. Some governmental
officials from the ISS Partners should be invited to the Board to ensure a political
contingent and accelerate the decision making process in providing the ISS resources
for a successful implementation of the venture.
Capitalisation is the greatest challenge for the 14S system. Funding should be obtained
in terms of equity financing from partners who would actually be engaged in the
activity. These partners could include satellite manufacturers, private satellite
operators, launch service providers, and insurance companies intending to participate
in the venture's activities. They would need significant convincing of its economic
viability and to be satisfied with the legal issues of operating with the ISS (Tudge,
1999). They should all receive stakes in the I4S company according to their future
involvement. In return, investors will be contracted by the venture. Private investors
and Initial Public Offering (IPO) should be considered as potential financing sources
if the venture passes the tests of start-up.
10.2 Marketing Plan
The increasing amount of commercial satellites gives the venture a unique market
opportunity. The breakdown of commercial satellite platforms that are currently on-
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order among manufacturers27, as shown below, details the current players in the
satellite manufacturing market and amount of satellites that might be served (ISIR,
1999).
LEO - 173 planned platforms were mainly from:
Lockheed Martin- 52: 40 LM-700, 6 TIROS-N, 4 AdvTIROS-N, 2 LM-900;
Space Systems/Lora!- 45 LS-400;
Boeing Space and Communications - 23: 17 Ellipse and 6 GPS-2F
Orbital Sciences Corp.- 20: 12 Ecco, 3 PeggaStar, 3 LEOStar, 2 FUSE.
GEO/ l\.1EO - 104 planned platforms were mainly from:
Hughes- 37: 6 HS-702, 4 HS-GEM, 27 HS-601 (HS-601-HP);
Space Systems/Loral- 20 FS-1300;
Lockheed Martin- 14 A2100 (A2100X);
Alcatel Space- 9 (8 Spacebus 3000 and 1 Spacebus 4000)
Matra Marconi Space- 7 Eurostar 2000 (2000+).
Systems that should be considered for in-orbit servicing (see Table 4.4 of this
chapter) are Leo One (with 48 LEO satellites), SkyBridge (with 80 LEO satellites
from Alcatel Space), and Globalstar (with 48 LEO satellites from Space
Systems/Loral).
According to the above companies, as well as prime contractors for these systems,
some are interested in this satellite servicing mission and would be able to redesign
satellites to include servicing possibilities as a part of their systems' architecture. If
there was a commitment to build this servicing function on the ISS, various
companies would definitely look into modifying certain aspects of their system
design28 to be able to use the service (Kavanagh, 1999).
The Commercial Space Transportation Advisory Committee (COMSTAC) predicts
that a total of 394 GEO satellites will be launched from 1999 to 2010, or an average
of thirty three payloads per year (Via Satellite, 1999). Among 23 commercial GEO
communication satellites launched in 1998, 10% were partially or fully lost due to the
following reasons (ISIR, 1999):
•
•
•

Failed solar array deployment (Echostar 4);
A control processor failure (Galaxy 4);
A battery charge controller failure (Palapa C1).

A recent example of a GEO satellite that has been injected into a wrong orbit, which
led to its total loss is the Orion 3 communications satellite launched by Delta 3 on 4
May, 1999 (ISIR, 1999).
Over the next 10 years, COMSTAC predicts 975 LEO payloads will be deployed (Via
Satellite, 1999). 12 Iridium LEO satellites among 88 in its constellation, (13%), have
been lost during their first months in orbit (ISIR, 1999).

27

28

:as of January 5, 1999
:mostly in the satellite design, as explained previously in a section 3.2 of this chapter
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During the years 1996-1998, satellite operators have claimed US$ 708 million on inorbit losses, which is a 3.5 times increase from the previous 10 years (InOrbit, 1999).
This shows a dramatic increase in the amount of money paid by insurance companies
to satellite operators due to in-orbit failures.
At least 10% of satellites either in LEO or GEO will be designated as non-operational
within the first year of their lifetime due to a variety of reasons. These satellites can be
potentially served to prolong their lifetime.
The I4S venture should focus its satellite serv1cmg on capturing high margin
customers (such as SkyBridge) that have a large number of satellites in their
constellations with a certain probability of failures.
This venture is not without competition. In coming years there is a probability that
some competitors intending to provide only in situ satellite servicing might also enter
the market, if assuming new reusable/expendable launch vehicles, capable of
delivering a space tug to a LEO satellite, evolve successfully. The I4S venture needs
to move ahead quickly in order to capture the business from its targeted customers.
In case changes occur to the propulsion technology used for positioning satellites (the
acceptance of ion thrusters for example) the 14S venture will need to shift from
initially assumed re-fuelling of satellites to service on-demand, such as repairing.
10.3 Financial Analysis
This section focuses on the cost/benefit analysis of the 14S venture, taking into
account specific revenue and cost elements over the project lifetime. The breakdown
of cost of development and operations is provided. The estimation of the future
revenues is also presented.
Cost estimating relationship that expresses the cost, as a function of design sizing,
performance variables is applied to compute cost estimates for the (Wong, 1992). It is
assumed that two Aetos units are needed initially 29, and the first flying item Aetos-1 is
launched by an STS vehicle. The cost breakdown structure consists of the space,
launch, and ground segments (see Table 4.7). Additionally, a prime contractor fee,
annual company expenses, and external legal and other consulting fees are added.
The space segment consists of four Aetos tugs (three flight models and one ground
verification model) with robotic, communications, and the ISS docking tools
payloads. The weights of the Aetos bus and payload subsystems and end oflife power
are the key parameter for the cost estimate. The Research, Development, Test, and
Evaluation (RDT&E) cost for subsystems' hardware (Aetos bus and propulsion
system) is based upon an assumption that its design basically exists. The robotic arm
payload is the largest system cost driver. Robotic arm RDT &E and production should
be subcontracted to a manufacturer already possessing the know-how for such an arm.
The Aetos software costs of US$8M are based upon 4 Thousand of Lines of Code
(KLOC) using Aida.

29

:

The other spacecraft (Aetos-0) will serve as ground test-item
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Ground equipment costs of US$27M are computed based on RDT&E and Aetos-0
hardware costs only. They include costs of test and support equipment needed for
assembly, development and acceptance testing and integration of Aetos subsystems to
STS and Progress M vehicles that will be used for logistics.
Program level costs, accounting for as much as 30% of hardware and software costs,
are added; these include management, systems engineering, systems testing and
evaluation, acceptance test, reliability and quality assurance costs.
Launch operations and orbital support costs, including costs for planning and
operations related to launch and orbital checkout of the Aetos-0 and Aetos-1, are
added.
A 95% learning curve is used for the production of the second, third, and fourth Aetos
units. The first Aetos-0 and second Aetos-1 units are produced before the deployment
of the system. Their production costs are US$5 1M and US$46 M, respectively. The
third unit Aetos 2 with a cost ofUS$44M is produced in 2006-2008. The fourth unit
Aetos-3 with a cost ofUS$43M is produced in 2009-2011.
This yields a total space segment cost to deployment of US$528M for the assumed
servicing scenario.
The launch segment to initially deploy the complete system requires the STS vehicle.
Space to accommodate Aetos-1 and additional ISS hardware (total mass 6,265 kg)
will be needed. A price of 28.5K/kg is used, assuming that the STS cargo bay is
utilised by other passengers to the maximum extent possible. A launch insurance cost
of 15% of the hardware value is added to the launch price.
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Table 4. 7 Deployment Cost
Costs to Deploy the In-Orbit Satellite Service (US$ M)
Space Segment Costs
Aetos Space Segment Costs
RDT&E
Production
Production
Aetos-0
Aetos Subsystem
Aetos-1
1. Bus
17
2
S tru ctu re
2
TCS
24
4
4
35
4
4
AOCS
C&DHS
28
3
3
27
Power
3
3
44
2. Prop ulsion System
5
5
3. Payload
Robotic Arm
65
7
6
ISS Docking Tools
ll
1.
1.
272
32
Total hardware costs
29
4. Software
F light Software
5
Ground Software
3
5. Aerospace Ground Equipment
27
6 . Program Level
98
11
10
7. Launch 0 perations & 0 rbital Support
8
7
405
Aetos Space Segment Costs
46
ll
Total Aetos Space Segment Costs
501
ISS Additional Hardware Cost
RDT&E Product io n
ISS Additional Hardware Cost
I7
3
Program Level
6
I
Total ISS Additional Hardware Costs
27
Total Space Segment Costs to Deployment

528

Launch Segment Costs
STS I vehicle

6,265kg*US$ 28.5K

179

15%
Launch insurance
Total Launch Segment Costs to Deployment

27
205

Ground Segment Costs
Development
Program level
Total Ground Segment Costs to Deployment

35
12

47
780

Total Space, Launch, Ground Segment Costs
3%
4

Prime Contractor Fee
Annual Co mpan y Expense Bud get
Years to deplo yment = 5
Legal and Co n sulting Fee

23
20
10

834

Total Costs to Deployment

The ground segment consists of a single ground control centre (station). The ground
segment development and program level costs are estimated at US$4 7M (assuming
the development of a new, dedicated operation centre).
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As a possible source to reduce development and operational costs for the ground
control of the system, existing tracking, telemetry and command network of a satellite
telecommunications operator should be leased. It will require some modifications by
the operator, but it should save I4S up to US$40M in ground segment costs (Inmarsat,
1999).
The Prime Contractor for the system deployment and later operation and maintenance
will be chosen among participating parties. It will be paid with a fee of 3%.
The commercial I4S company will be set up in 2000 to market and later run the
project. It will have an annual expense budget of US$4M. It will spend US$ 1OM on
external legal and consulting services in 2000-2004.
Finally, all costs are summed to yield total costs to deployment of US$834M.
Annual operational (recurring) costs include the following:
•

Costs of US$1.1M to operate and maintain the ground segment where eight
contractor personnel are assumed starting from 2005 till2015 (see Table 4.8).
Table 4.8. Ground Segment Annual Expenses
Ground Segment Annual Operations
And Maintenance Cost (US$ M)
8 Contractor Personnel (US$100K/Yr)
Maintenance
Total annual cost

•

0.8
0.3
1. 1

Costs of US$ 4M to maintain the company's office, market and sale the service
starting from 2000 till2015 (see Table 4.9).
Table 4.9. Annual Company Expenses
Annual Company Expense Budget (US$ M)
Office maintenance
18 StaffPersonnel (US$100K/Yr)
6 Executive Personnel (US$200K/Yr)
Total Annual Cost

1

1.8

u
4.0

•

Launch costs ofUS$160M that will rise to US$ 198M for the years 2008 and 2011
when Aetos-2 and Aetos-3 will have to be launched in addition to quarterly resupply flights. It is assumed that annually the company will book four SoyuzProgress M logistic flights to the ISS (five flights for years 2008 and 2011) to
deliver 2000 kg of propellant and spare parts to the ISS on each flight. The launch
service provider should sell remaining payload capability to commercial users of
the ISS in order to attain a launch price ofUS$20K/kg used in calculations.

•

Costs ofUS$28M to pay for usage of the ISS resources .
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Total annual operational (recurring) costs range between US$244M and US$273M
from 2005 until 2014 with the major cost factor being the launch costs to the ISS.
A typical servicing mission that is used for calculations of operational costs is one to
either refuel or repair a satellite of the planned SkyBridge constellation either on the
ISS or in situ.
The overall project lifetime of 15 years is used for the financial analysis with the
following servicing scenario: during the first six years no revenue is generated.
Revenues are generated over 9 years starting in 2006 when 4 re-fuelling missions are
provided on the ISS. The next year, in 2007, four re-fuelling on-ISS and 4 re-fuelling
in situ missions are done. Over the next 6 years, from 2008 to 2009, four re-fuelling
on-ISS and 6 in situ re-fuelling missions are done annually.
The SkyBridge constellation is chosen as a benchmark for the analysis. It costs
US$52M for SkyBridge to deploy a satellite in-orbit (see Table 2 of this chapter). The
satellite has an in-orbit lifetime of 5 years. The return on assets ratio for SES Astra,
providing broadband services similar to SkyBridge is equal to 10%. Therefore, a
SkyBridge satellite should generate a net income of at least US$ 1M per year and so
US$11M in annual revenues. Assuming that re-fuelling will prolong the satellite's
lifetime up to 3 years, the additional revenues generated can be estimated as US$31M
(in present values). SkyBridge should take this figure as the opportunity cost of losing
its satellite. The service should be charged (priced) for less than US$31M to be costeffective for SkyBridge.
Real Option Valuation method used for the financial analysis shows a breakeven price
of US$60M for the project to be undertaken by the company. This price of U$60M
should be the minimal one charged by the company for its re-fuelling/repairing
services. The price is more than the opportunity cost of losing the satellite for
SkyBridge. Therefore, it is more cost-effective for SkyBridge to deploy its new
satellite than to refuel its 5-years old satellite.
If the improvements indicated in Open for Business as key solutions to the constraints
hindering the commercial exploitation of the ISS (see Table of "I4S Scenario
Analysis") are implemented, a reduction of the operational costs will be expected.
This reduction, however, decreases the breakeven price only slightly, to US$57M, and
the service remains to be not cost-effective for SkyBridge.
A solution to significantly reduce a break-even price for Aetos operations is to deliver
propellant and spare parts to the ISS for much less cost than is now possible. The
satellite servicing company should use logistics flights to the ISS that are already
planned and that offer a possibility to accommodate payloads for an average price of
less than US$20K/kg.
The following graph demonstrates the impact of the launch costs and the cost of ISS
resources and operations on the breakeven price of the venture. It can be seen that for
the assumed servicing scenario launch costs of 10 000$/kg or less are needed to
achieve a breakeven point equal to or lower than the opportunity cost for SkyBridge.
It should also be noted here that changing the assumptions on the servicing scenario
(more in situ servicing and less servicing at the ISS) a breakeven point matching the
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SkyBridge opportunity cost could also be achieved with higher launch costs. In fact
the breakeven point meets the opportunity cost even for the currently assumed launch
cost if only in situ servicing is considered.
Parameters: Launch Cost per kg vs. Cost of Access to ISS
OOOOOOOOr-------------------------------------------------------~
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Figure 4.4. Sensitivity Analysis

Since the launch cost is the dominant cost item for the I4S venture, the impact of any
decrease in ISS-specific costs (such as communication, power/thermal, volume, and
maintenance: see Figures 4.8 and 4.10) is not significant. If the launch costs are
decreased, however, the breakeven price can be pulled down significantly. This
observation leads to the fact that, even if the space agencies can decrease ISS-specific
costs for the I4S venture (in the form of a government subsidy, for instance), it will
not effect the profitability significantly.
10.4 Timeline
The I4S project has been studied to be in accordance with both the ISS development
and operations, also taking into account the possible forecasted temporal layout of
successive satellite generations' life cycles30 . The Figure 4.5 shows a graphical
representation of the general guidelines of the long-term, overall calendar.

30

in relation to the design modifications already mentioned in this chapter
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Figure 4.5. Overall Timeline of the 145 Project

During the very first years after the I4S venture's establishment, a comprehensive
study of the system, and the contact and co-ordination with the satellites' operators
and providers will be established. This will allow definition of the specific design
variations necessary to make future satellites compatible with the grappling arm (see
section 1.3 .2 of this chapter) of the Aetos tug. During this period the basis for the
long-term co-operation, to achieve full serviceability, will be set forth, starting for the
immediate option of providing the satellite with the interface for in situ re-fuelling.
This phase ofl4S system setup, allowing the industrial partners to start the production
of the first generation of serviceable satellites, will last approximately 6 years. The
RDT&E activity for the Aetos tug will include the production of an Aetos-0 prototype
for ground testing, and thereafter the first flying unit Aetos-1 . In 2006, the I4S
hardware for the ISS (the Servicing Facility will be mounted on the fully assembled
station) and Aetos-I will be delivered in-orbit, to coincide with the beginning of the
orbiting of the first satellites.
The flight demonstration of the concept will therefore initially take place offering reorbiting to spacecraft having suffered erroneous orbit injection, as well as general
servicing. The re-fuelling service will be offered immediately, although the major
demand will probably appear only in four to five years, when this first generation of
serviceable satellites will begin to run out of their propellant. The test unit, Aetos-0,
will serve as backup spacecraft in this period, in case of failure of the flying model,
Aetos-1 .
During the first period of three years, of nominal operational life for the Aetos
spacecraft (2006-2008), the third unit Aetos-2 will be produced and launched in 2008,
in order to replace Aetos-1. Aetos-1 will be de-orbited and then destroyed re-entering
the Earth's atmosphere. The contemporary development of further modifications in
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the satellites will permit an enlargement of the I4S, with an increased impact in
replenishment of degradables and upgrading of technology, a scenario with which the
new tug will be compatible.
During 2009-2011 the fourth unit, Aetos-3, will be produced. At the end of the
operational life of Aetos-2, in 2011, Aetos-3 will be launched. It will enter the service
with an ever increasingly serviceable class of satellites, now achieving a degree of
modularity in the design such that in situ servicing begins to include exchange of
hardware.
The end of the operations for Aetos-3 in 2015 also coincides with the nominal end of
life for the ISS if one does not consider eventual extensions. At this point, the I4S
concept will possibly evolve towards a completely automatic service, consisting of an
orbiting servicing platform and automatic tug operations. The option value of the
satellite servicing investment on the ISS captures the value of this future flexibility.
Once the technology for Aetos is developed, it can be applied to future orbiting
platforms.
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Figure 4.6. Option Value and NPV of the 145 Venture under the Existing
Approach

Figure 4.6, above, shows the difference between the two methods of financial
analysis used in this case study. The breakeven price of US$60M causes the mean of
the NPV to be very close to zero, while the mean of the option value is around
US$41 OM. The difference between these values is due to the factors described in the
Section 5.3 of this case study.
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The serial production of the tugs raises the issue of whether it would be better to build
the spacecraft in a dedicated plant, or to use existing competence via a (commercial)
company already involved in a project of the same kind (ATV, HTV).
10.5 Scenario Analyses
The following two scenarios demonstrate the difference between the I4S Company
starting its business in today's environment, versus starting its business in an
environment where the solutions presented in Part One of Open for Business have
been implemented. A description of the process to get onboard the ISS, as well as a
financial analysis of each scenario is presented.
10.5.1 Business Process: Existing Approach

In the current environment, the CEO of the I4S Company, hypothetically based in
Australia, would use the ISS in order to start this new business. As was previously
described, the business plan calls for a small amount of astronaut time, not an
excessive amount of space on the Space Station, and a place for the satellite servicing
tug to dock on the Space Station (ADRI-I). The CEO would have an idea of the costs
for developing the tug, but no idea of how much the ISS part of the plan would cost.
In order to find more information, the CEO (or a subordinate) would, hypothetically,
first search the internet for information on who to contact to learn how to become a
commercial user of the ISS. Although this investigation may find many symposiums,
conferences, and pretty pictures on the ISS, it is difficult to find an office or a single
place to contact with specific questions (constraint "n" in the Summary Table found in
the Conclusion to Part One of Open for Business).
This I4S Company would then hire expensive industry consultants in order to learn
that there is no central ISS commercialisation agency and the I4S Company will have
to go through one of the ISS Partner space agencies. After some expensive legal
consultation, the I4S Company would discover that it cannot do anything on the Space
Station until the I4S Company is approved and licensed by its own government. Also,
while in the registration process, the I4S Company lawyers explain how there are
currently no provisions for liability claims on the Space Station (constraint "c" of the
same Summary Table as mentioned in the above paragraph). In case something
unfortunate happens, the Australian government would be held responsible. To
protect itself, the Australian government would require the I4S company to purchase
third party liability insurance (constraint "d" ofthe Summary Table).
In the current environment, the 14S Company would have to contact each of the ISS
Partner space agencies individually. Consider one individual example: the I4S
Company contacts a NASA Center in the US. This NASA Center would re-direct the
I4S Company to NASA's new ISS Commercialisation Center at the Jet Propulsion
Laboratory (JPL), in California, US. Easily accessible information on the existence of
this new ISS Commercialisation Center at JPL is currently scarce, if non-existent.
Hopefully this ISS Commercialisation Center would be willing to help the Australian
I4S Company, but would be forced to explain that there is currently no pricing or cost
information available (constraint "s" of the Summary Table in Part One). The ISS
Commercialisation Center would have to explain to the I4S Company that the I4S
Company must compile information on the accommodations, resources, and desired
crew time before negotiating with the ISS Commercialisation Center for the
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acquisition of these items. Additionally, the I4S Company would eventually discover
that since it is not an American company, in order to work with NASA it must find an
American company to partner with. NASA would then present the I4S mission
concept to the other Partners in an attempt to receive unanimous consent for the
project (constraint "o" ofthe Summary Table in Part One).
The above process could take years to accomplish, and would likely prevent a
business owner (who wants to start making money) from bothering with such a
venture until a more "user-friendly" environment exists. However, in order to
compare scenarios, it will be assumed that the I4S Company is able to get onboard the
ISS using the tool explained previously in the finance section (see Section 5.3 of this
Chapter). The financial situation for the IS4 Company in this scenario looks like this:
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Figure 4.7. Net income for the 145 Venture under the Existing Approach
(given the breakeven price, US$60M)

The trend of the net income can be observed in Figure 4. 7. The development,
construction and deployment costs of the tug cause negative values in the first seven
years. Finally, with the start of the servicing in 2006, positive cash flows are
observed. The negative values in the last few years of operations are due to the
con'struction and launch of new tugs.
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An examination of Figure 4.8 shows the cost breakdown for the Existing Approach.
Clearly, launch costs are by far the most significant cost item (58% of the total cost of
the I4S). Cost of development, and cost of overhead and insurance also have
significant magnitudes. ISS-specific costs (communication, power/thermal, volume,
and maintenance) constitute less than 10% of the total cost.
Conclusions
The above process is long, tedious, and difficult for a businessperson to work through.
Although the lack of legal protection, jurisdiction, prices, information, and customer
support are merely constraints, they are all potential project-stopping obstructions to
the I4S Company.
10.5.2 Business Process: New Approach

In the proposed environment, the CEO of the I4S Company would know the pertinent
information about the proposed I4S venture. However, the CEO would be unsure of
the process to get government approvals, the prices to start leasing, or purchasing the
necessary ISS accommodation, resources, and crew time Gust as in the beginning of
the Existing Approach).
However, the CEO, in this New Approach, when gathering information about the ISS,
would notice the advertisement in Space News about the new, Unified Management
Company (solution "u-1" in the Summary Table of Part One). The advertisement
would show an approachable, customer-service oriented company that is ready to help
other companies get onto the ISS.
When a representative of the I4S Company contacts the UM Co. the representative
would learn that the UM Co.'s consultants can provide assistance, not only with the
government requirements, but with the entire process of getting onboard the ISS,
including consulting on the feasibility of the business and technical plans (solution "t-
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1" in the Summary Table of Part One) (see Section 2.2 in Chapter Three: Business
and Management). The I4S representative could book an appointment and send the
preliminary business plan for review by the UM Co. prior to the appointment.
When the I4S representative arrives for the appointment, a short one month later, the
UM Co. would have reviewed the I4S concept. The Urn Co. consultants would
provide the I4S representative with information on the feasibility of the I4S technical
plan, and make any relevant suggestions to ensure that the I4S tug is compatible with
the ISS. The UM Co. would make any technical suggestions to enhance the I4S
concept, if possible. The UM Co. consultants would develop a schedule of times over
the next year to show when the tug, Aetos, could dock with the ISS to avoid
disrupting the currently planned experiments and other ISS utilisation plans. The UM
Co. works on the actual power requirements of the I4S project, and arranges for the
I4S Company to only purchase the power requirements needed. The UM Co. could
also search for opportunities to barter with other ISS users to decrease some costs.
The UM Co. consultants would draft a contract, specifically stating the party
responsible for the different liability issues, and determining jurisdiction for
intellectual property rights (solution "c-2"), showing that the I4S Company can be
minimally covered through a new international bond for commercial users of the ISS,
established by the Partners (solution "e-2"). However, the UM Co. would recommend
insurance for any potential damages above and beyond the amount of the bond. The
UM Co. would also give suggestions on how to draft the contract for the I4S
Company's own satellite servicing customers, to ensure minimum liability for the I4S
Company.
Finally, the UM Co. consultants would put together a package of ISS resources, which
would provide all the requirements for the I4S business. They would have matched
this package with the requirements listed in the I4S Company's business plan. The
UM Co. would offer a single price for this package of accommodations, resources,
and crew time.
Using the New Approach, with the UM Co., the finances of the business would look
like this:
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The trend of net income, seen in Figure 4.9, is very similar to the net income in the
Existing Approach, with the exception of a slight decrease in the development costs.
The decreased ISS-specific costs in this New Approach do not have significant
impacts on the net income.
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An examination ofFigure 4.10, and considering the reasons described above, the cost
breakdown of this scenario does not change significantly from the previous scenario.
The decreased ISS-specific costs and overhead result in a relative increase in launch
costs, since this item remains constant.
Conclusion
With the UM Co., the I4S Company has to deal with only one interface. The UM Co.,
with consultants possessing knowledge and skills relevant to the I4S Company's
business plan assist the I4S Company in an otherwise confusing and difficult process.
The UM Co. also removes the legal and political uncertainty with contracts that
protect the I4S Company's business interests, as well as the governments' assets. In
working together to only pay for the resources the I4S Company needs, the I4S
Company is able to save costs. Compared to the huge launch cost, these savings
remain, however, only marginal.
Table 4.10, in the following section, summarises the differences between the Existing
Approach and the New Approach for the I4S case study.
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10.6 14S Scenario Analysis
The following table summarises the principal components of the scenario analysis.
This table demonstrates the impact of the solutions provided in Part One of Open for
Business on the major cost and revenue items of this case study.
Table 4.10. 14S Scenario Analysis

Existing Approach

ISS Resource
Re_qui rements
EVA
IVA
SSRMS
Power
Volume on ISS
Communications
Total Price for ISS
Resources (annual)
Profit Margin for ISS
Partners!UM Co. on
ISS resources
Insurance premium
for ISS operations
Launch
Price per kg

Launch
Insurance
Premium
Other
Fees for legal and
other consultancy
Ground
Center

Operations

14S Prices
Breakeven price (per
service)
Maximum price (per
service) that can be
charged

New Approach

10 hrs first year, 6 hrs second year, 8 hrs
per year for the rest of operations
49 hrs first year, 56 hrs second year, 68
hrs per year for the rest of operations
45 hrs first year, 50 hrs second year, 60
hrs per year for the rest of operations
440 kwhrs per year
0.5 International Standard Payload Rack
1 Payload Attached Structure
576,000kbps per year through TDRSS
US$28M

6 hrs for first year

15% for Space Agencies
(cost-based pricing)
25%

5% (divided between UM Co. and Space
Agencies) due to UM Co.'s demand-based
pricing policy and bartering
20%

Soyuz-Progress M
Mean Price : US$20K/kg
Standard Deviation: US$1.5kg
ST S Mean : US$28.5K/kg
Standard Deviation : US$2K!kg
15%

Soyuz-Progress M
Mean Price : US$20K/kg
Standard Deviation : US$1.5K/kg
STS Mean : US$28.5K/kg
Standard Deviation : US$2K!kg
15%

US$10M for first five years, included in
the overhead for the remaining
operations
US$47M deployment,
US$1.1M annually for operations

US$5M for first five years, included in the
overhead for the remaining operations

25 hrs first year, 30 hrs second year, 40 hrs
per year for the rest of operations
45 hrs first year, 50 hrs second year, 60 hrs
per year for the rest of operations
440 kwhrs per year
0.5 International Standard Payload Rack
1 Payload Attached Structure
576,000kbps per year through_TDRSS
US$23M

Can be leased through the UM Co. from a
satellite telecommunications operator or
from ISS Ground Control, US$7M for
modifications, US$0.5M annual fee

US$60M

US$57M

SkyBridge is used as a benchmark,
US$31M for a repairing/refueling service
which would extend the service life for 3
years

SkyBridge is used as a benchmark,
US$31M for a repairing/refueling service
which would extend the service life for 3
years

Notes on Table : Due to the uncertainties involved in the calculations, the Coefficient of Variation (CV) is set to 7.5% for critical parameters (which are launch
prices per kg and price per satellite servicing). The CV is calculated as (standard
deviation/mean) x 100. Ninety five percent of the time, the actual values will be
within two standard deviations of this mean. The impact of Open for Business's
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solutions on the overall profitability ofthe I4S Company's commercial venture can be
assessed by examining the minimum and maximum prices in each scenario.
11 Conclusions

The I4S case study shows that a satellite serv1cmg m1ss10n, using the ISS as a
platform, might be rendered a preferable option to the current practice of discarding
satellites that have exhausted all onboard propellant.
From a technical point of view, the service is currently limited to LEO spacecraft in
orbital planes close to the ISS's inclination (51.6°). This is due to the large delta
velocity required (see Tables 2 and 3) for large plane changes (LEO) as well as large
altitude changes (GEO). For conventional chemical propulsion systems, this delta
velocity translates into large amounts of propellant needed by any transfer vehicle,
such as Aetos. With current satellites not being designed for in-orbit servicing, a
servicing scenario would transport satellites to the ISS for servicing by means of
EVA. In this case, extensive EVAs may be required (for instance, multi-layer
insulation has to be cut and later repaired) to get access to the filling and draining
valves of the tanks. In addition, Aetos will have to perform two transfers for one
satellite servicing mission (Aetos to satellite, both to the ISS, return satellite to orbit,
Aetos back to the ISS). Consequently, this servicing scenario is unattractive from a
cost point ofview.
Depending on the availability of future technologies and the implementation of
modifications in the satellite design (such as the re-fuelling interface), more attractive
scenarios may be conceived. The recent development of robotic technologies for
refueling spacecraft in situ (as for NASDA ETS-VII) may enable a more efficient use
of Aetos and a subsequent reduction in cost.
The advent of advanced operational electrical propulsion systems could lead to a
reduction of propellant mass required by Aetos. This mass reduction promotes a
concomitant decline in cost impact as the propellant mass of Aetos is directly related
to launch costs. Due to the low thrust produced by current electrical thrusters, the
orbital transfer time of Aetos is, however, much longer if power levels are kept at a
reasonable level. Any improvements in the power efficiency of electrical thrusters
would be beneficial in this respect.
From the business perspective, the proposed I4S service is not economically viable
with the current assumptions (4 servicing missions at the ISS, 6 in situ missions). The
main reasons for this are the high cost for any re-supply brought to the ISS and the
high development cost, assuming a standard space program development approach
with conservative cost assumptions.
Comparing the individual cost for a Skybridge in situ and a servicing mission at the
ISS (US$31.5M compared to US$95M, respectively), it is apparent that an in situ
mission is already economically feasible with today's launch costs (due to the lower
propellant requirement: lower by a factor of three).
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Following a "faster, better, cheaper" approach for the tug development could increase
profitability. A 50% reduction in the development cost results in a breakeven point of
US$22M for the in situ service and US$66M for a service at the ISS. For the in situ
service, such a breakeven point is well below the US$31M opportunity cost for
Skybridge, leaving margin for real profit. Means to achieve these reductions in the
development cost are seen in:
•
•
•
•
•
•

Responsibility transfer to private industry without agencies being involved m
reviewing detailed design issues;
Short development schedules;
Streamlined management with a minimum number of subcontractors;
Streamlined design, manufacturing & verification approaches (concurrent
engineering, lean documentation);
Maximum use of COTS components;
Maximum re-use of already designed hardware.

The possibility of reducing the ISS utilisation cost by a streamlined management such
as the proposed UM Co., leads to a reduction of the operational cost directly related to
the ISS. Due to the dominant impact of the launch cost, the benefit of the considered
improvements remains only marginal.
In order to start the implementation of a profitable satellite servicing mission on the
ISS, the following key recommendations would have to be undertaken:
•

•
•
•
•
•
•
•
•

•
•
•

Establish strategic partnership between the I4S Company and its customers.
Satellite operators should request satellite manufacturers to redesign satellites in
such a way at to allow their servicing in-orbit. An ultimate goal should be to
design satellites completely serviceable by robots (modular design) with a robotic
assembly of the new spacecraft in-orbit followed;
Involve participated parties (satellite operators, manufacturers, launch service
providers, insurance companies) in financing of the venture;
Initiate specific modifications to the existing ISS configuration;
Define detailed design of Aetos with maximum use of COTS components;
Define a standard grappling arm interface for implementation of the docking
between Aetos and the satellite;
Provide a docking interface, free of charge to customers (to promote its adoption);
Develop further robotic technologies to allow for in situ remote satellite servicing
without EVA interaction or return of the spacecraft to the ISS;
Provide a clear pricing schedule, regulations and rules for service (together with
guarantees);
Use logistics flights to the ISS with a possibility to deliver propellants and spare
parts with a lower price, as compared with the price that is currently charged for
commercial users;
Maximise the number of in situ servicing missions as servicing at the ISS is
currently only economically viable for very expensive satellites;
Reduce development costs by following a "faster, better, cheaper" approach or,
alternatively, share development costs with a governmental institution;
Take advantage of any new developments in launch technologies, potentially
reducing the cost for launching I4S re-supplies to the ISS.
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CASE STUDY Two:
PROTEIN CRYSTALLISATION
1

Introduction

Proteins are one of the most important classes of biological molecules. Present within
all living organisms, proteins constitute over half of the total dry mass of a cell
(Alberts et al. , 1994). Proteins are fundamental to cellular maintenance, growth, and
development. They are essential to all bodily functions, such as accelerating chemical
reactions, providing cellular structural frameworks, and regulating all systems of the
body (for example, the nervous system, digestive system, and circulatory system).
The malfunction of just one protein, out of an estimated 60,000 essential proteins that
exist in the human body (Alberts et al. , 1994), can have catastrophic consequences.
For example, the lack of a functional form of dystrophin, a structural protein within
muscle tissue, can result in muscular dystrophy. There is no known cure for muscular
dystrophy and the expected lifetime of individuals with a variant of this disease is
only twenty years. A greater understanding of dystrophins' structure could assist the
development of medical treatments, especially those that act at the molecular level.
In order to analyse and relate a protein's structure to its function, the protein needs to
be examined in its folded state, which is the form at the protein that exists in the
human body. Thus, an atomic level analysis of a protein's folded three-dimensional
structure enables investigators to better understand the molecular basis of the function
of this protein in the body. A common method to determine the three-dimensional
structure of proteins is to perform x-ray analysis of protein crystals.
Protein crystallisation is the process of growing protein crystals from solution. These
crystals can be exposed to x-rays, where the lattice structure within the crystal
diffracts the x-rays to give a characteristic diffraction pattern. This diffraction pattern
can then be used to construct an electron density map of the protein molecule. In tum,
this electron density map can be used, in combination with information on the
components ofthe unfolded protein (the protein' s primary sequence25) , to construct a
three-dimensional structure, or atomic model, of the protein. This technique is known
as x-ray crystallography and has been used on Earth since the 1950s to determine the
structure of biological molecules (Alberts et al. , 1994).
The degree of structural resolution obtained using x-ray crystallography is highly
dependent upon the properties of the protein crystal examined, especially the
regularity of the internal lattice structure of the crystal. A key factor affecting lattice
structure is gravity. Protein crystallisation on the ground is continually exposed to a
unidirectional gravity pull of lg, which can disrupt regular lattice structure (DeLucas,
1999). The higher the disruption of the lattice structure, the lower the resolution of the
x-ray diffraction pattern obtained via x-ray crystallography, and consequently, the
25

A protein's primary sequence is the sequence of building blocks, called amino acids, within that
protein. All proteins are composed of several to thousands of amino acids, linked together by chemical
bonds.
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lowers the accuracy of the final three-dimensional atomic model of the protein. It is
therefore optimal to obtain the highest quality protein crystal possible when using xray analysis to examine proteins.
The micro gravity environment of the ISS will enable protein crystallisation over long
periods, with the near-absence of a unidirectional gravitational pull. This is expected
to enable the growth of high quality protein crystals. Applications of protein
crystallisation onboard the ISS will build upon previous research conducted onboard
the space station Mir (ESA ESTEC, 1999) and the US Space Shuttle (DeLucas, 1999).
This case study will assess the potential of protein crystallisation on the ISS as a
commercial venture. The key constraints and difficulties of this venture will be
identified and the solutions of the New Approach26 will be applied and compared with
the Existing Approach2 .

2

Mission Concept

The commercialisation of protein crystallisation on the ISS will be undertaken by the
Protein Crystallisation Company (PCC), a hypothetical company from the UK that
specialises in the co-ordination of space-based protein crystallisation27 . The customers
of the PCC are research and development divisions of other pharmaceutical
manufacturing companies. These companies will pay the PCC to develop protein
crystals from solutions provided by the companies, and return either the sample
crystal (in scenario 1) or information on the structure of the protein (in scenario 2) as
a final product. This case study will suggest a framework for the commercial
utilisation of protein crystallisation facilities onboard the ISS. With its assumed
knowledge and expertise, the PCC will provide the following services to its customers
with the help of the UM Co. :
•
•
•
•
•
•
•
•

Identify which ISS facility is the most suitable for the protein to be crystallised;
Identify which is the most efficient method of protein crystallisation for each
specific protein;
Ensure safe delivery of protein samples to space for crystal growth;
Manage the process of protein crystallisation on the ISS;
Ensure safe return of protein samples to the Earth;
Analyse protein crystals (on the ground or in space) using x-ray crystallography;
Provide data on three-dimensional protein structure;
Provide value-added services (such as imagery of the atomic model, statistical
analysis, and identification of important epitopes28 ) .

This mission concept is summarised in Figure 5.1.

26

See the Introduction to Part Two.

27

Space-based X-ray crystallography is described later in this chapter.
Epitopes are specific regions of the three-dimensional structure of proteins.

28
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Figure 5.1 Mission Concept
3

Technology

This section will provide a description of the existing technical protein crystallisation
facilities on the ISS and an outline of the key technical constraints to commercial
utilisation of these protein crystallisation facilities. This section will then propose
solutions to these key technical constraints.

3.1 Methods of Crystallisation
There are four major methods of protein crystallisation:
•
•
•
•

Batch;
Vapour diffusion;
Free Inter-phase Diffusion (FID);
Dialysis.

Batch crystallisation29 is the oldest and simplest method, where the protein solution is
combined with crystallisation-promoting agents, at the required concentrations, prior
to crystallisation.
Vapour diffusion involves the equilibration of a protein solution drop with a reservoir;
the reservoir contains a solution of crystallisation-promoting agents at a higher
concentration than that of the drop. Equilibration proceeds by diffusion of the drop
and reservoir solution until the vapour pressure in the drop equals that of the
reservoir. In this manner, the reservoir acts to gradually concentrate the protein
solution drop, leading to crystallisation. Vapour diffusion, together with the batch
29

Batch crystallisation typically requires 50 fll to several ml of protein solution per crystal; the microbatch method requires only 1-2 fll of protein solution.
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method, are the most commonly used methods of protein crystallisation on Earth due
to the simple procedures involved.
In Free Inter-phase Diffusion, the equilibration between the protein solution and the
reservoir proceeds by diffusion of both solutions through a capillary tube. The
optimum conditions for protein crystallisation are achieved at a certain location along
the diffusion gradient. Slower diffusion of the solutions through the capillary tube
results in slower-forming crystals. Crystals that are formed more slowly tend to be
more regular in their lattice structure, and would thus be more optimal for x-ray
analysis. Microgravity is known to cause low diffusion rates, and FID has, therefore,
been suggested as the most appropriate method of protein crystallisation for spacebased research (Chayen, 1999b).
In the dialysis method, the protein solution is separated from a reservoir by a
membrane. This membrane is only permeable by molecules up to a specific size.
Therefore, the protein molecules cannot diffuse out of the sample compartment,
whereas smaller molecules can diffuse into the sample compartment and thus promote
crystallisation.
Figure 5.2 provides a diagrammatic summary of these principle methods of protein
crystallisation.
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Figure 5.2. The Principal Methods of Protein Crystallisation
(a) Batch, (b) Micro-batch, (c) Vapour Diffusion, (d) Free Inter-Phase Diffusion
(FlO) and (e) Dialysis [Source: Journal of Crystal Growth]
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3.2 Role of Microgravity
Due to convection currents present on the Earth, and the Earth's unidirectional
gravitational pull the protein crystals formed can have an irregular crystal structure. In
the microgravity environment of space, the absence of fluid static pressure, and the
reduction in convection and sedimentation enable the production of protein crystals of
greater regularity (see Figure 5.3) (Chayen et al., 1998).

-

a

b

Figure 5.3. Protein Crystal Growth

a. Protein crystal grown on Earth and b. in space [Source: NASA]
3.3 Planned ISS Facilities
Three protein crystallisation facilities are definitely scheduled for installation onboard
the ISS, each to be located in a different module:
•
•
•

The Protein Crystallisation Diagnostics Facility (PCDF) located in the Columbus
module;
The Solution Protein Crystal Growth Facility (SPCF) located in the JEM;
The Advanced Protein Crystallisation Facility (APCF) located in the US
Laboratory module.

The planned launch dates and the various parameters of each facility are compared in
Table 5.1.

Table 5.1. ISS Protein Crystallisation Facilities

PCDF
4

Facility
SPCF
4

APCF
48

30
90
14-30

30
60
4-40

30
600
8-30

Batch and Dialysis

Dialysis

2003

2002

Vapour Diffusion,
FID and Dia!J'sis
2000

Parameter
Number of
Reactors
Mass (kg)
Power (W)30
Temperature
Range (°C)
Crystallisation
Method
Launch Date

30

Maximum available power
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The PCDF and SPCF include a process chamber with four reactors. This process
chamber will accommodate a lower number of protein crystal samples compared with
the APCF (which contains 48 reactors) and, therefore, they may not be ideal facilities
for the commercial user who requires a large number of protein crystal samples. The
SPCF consists of two major units, the Protein Crystallisation Research Facility
(PCRF, see Figure 5. 4) and the Solution Crystallisation Observation Facility (SCOF,
see Figure 5.5).
The APCF (see Figure 5.6) will contain three types of crystallisation reactors,
enabling three types of crystallisation methods: vapour diffusion, FID, and dialysis.
This wide choice between crystallisation methods may be an attractive feature for a
commercial user.
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Figure 5.4. The Protein Crystallisation Research Facility (PCRF)
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Figure 5.5. The Solution Crystallisation Observation Facility (SCOF)
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Figure 5.6. The Advanced Protein Crystallisation Facility (APCF)
3.4

Constraints and Solutions

As stated above, there are three protein crystallisation facilities scheduled for use on
the ISS. However, there are several technical constraints to the commercialisation of
protein crystallisation activity on the ISS, especially when compared with alternative
ground-based facilities. This section focuses on the key technical constraints to such
commercial activity, including:
•
•
•
•
•
•
•

Gravity levels;
Sample number of protein crystals;
Time of crystallisation;
Time-to-results31 ;
Method of crystallisation;
Human operator fault;
Access to and from the ISS.

3.4.1 Gravity Levels
The User's Overview showed that the level of microgravity onboard the ISS will
range from 1.8x l0-6g at the centre of mass (within the US Laboratory module) to
3x 10-6 g at the periphery (near the Columbus module and the JEM) during quiescent
periods32 . Therefore, cet paribus, the selection of the ISS module for protein
crystallisation may affect the quality of the protein crystal produced. It is possible that
the APCF, located in the US Laboratory, is in the best position within the ISS
configuration for obtaining microgravity-grown protein crystals.
This raises the issue of access to the appropriate facility if the commercial user is not
a national of the Partner state that owns the module. Furthermore, IPR laws applicable
to the module are those of the state owning the module, which may not be the state of
the PCC.
Gravitational perturbations will take place during otherwise quiescent periods due to
g-jitter33 (ESA ESTEC, 1999) and the gravity level onboard the ISS can increase to as
much as I0-3g during non-quiescent periods (NASA JSC, 1997). Although this gravity
31

This is the time elapsing from the submission of a proposal to the receipt of results or data.
See Chapter Two
33
for example, g-jitter (gravity-jitter) can be created by equipment or crew activity
32
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level is not "zero gravity", it is still significantly lower than the 1g level present
during protein crystallisation processes on the Earth.
All proteins successfully crystallised on previous space platforms (such as the Space
Shuttle and space station :MIR) with higher microgravity levels could withstand the
above considerations without problems. The commercial interest for the PCC lies in
already identified proteins for which longer crystallisation growth periods are needed
or better microgravity levels are desirable.
Finally, the protein crystals grown onboard the ISS would be exposed to a minimum
of 3 to 4g during re-entry into the Earth's atmosphere. Although gravity levels greater
than 3g can damage certain delicate protein crystals, others can tolerate up to 1Og
without damage (NASA MSFC, 1999a). Furthermore, it has been suggested that
buoying of protein crystals in oil (see Figure 5.7) can prevent damage to protein
crystals during their return to Earth (Chayen, 1999b).

Figure 5.7. Oil Suspension of Protein Crystals
[Source: Physics World, 1998]

3.4.2 Sample Number of Protein Crystals
A space-based protein crystallisation study may require several missions before an
optimal sample number can be defined. The first mission is often a trial investigation,
where several parameters are varied, such as protein concentration ( 4 or 5 different
concentrations), salt concentration, temperature range (6 to 20°C, for example) and
method of crystallisation. The decision would then be made as to which method was
best and this method could be used on the next mission.
All of the facilities of the entire ISS will accommodate approximately 1200 protein
samples (NASD.A, 1998). This feature may be particularly attractive to the
commercial user, given that the Spacehab locker of the US Space Shuttle can only
accommodate 500 protein samples (NASA MSFC, 1999b).

3.4.3 Time of Crystallisation
The typical time available for protein crystallisation onboard the US Space Shuttle is
a maximum of two to three weeks (NASA KSC, 1999). The ISS provides a longer
period of microgravity for protein crystallisation, with a quiescent period of about
thirty days.
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Since 1987, protein crystallisation studies have been performed on space station Mir.
The time periods used for crystallisation of a variety of proteins (such as catalase,
human growth hormone, luciferase and neuraminidase) ranged from 5 days to 2.5
months. The crystals grown were larger (up to 2 mm) than corresponding controls
grown on Earth, and were of better structural characteristics (Chayen et al., 1998).

3.4.4 Time-to-Results
The time taken, from the decision of the commercial user to use protein crystallisation
facilities on the ISS to the commercial user receiving the results, is relatively long
compared to protein crystallisation processes on Earth. It includes the:
•
•
•
•

Application for ISS utilisation;
Integration of the payload into the launch vehicle;
Performance of the application onboard the ISS;
Return of the protein crystal to Earth.

The long time-to-results represents an important constraint to space-based protein
crystallisation and could be reduced by a streamlined application process.
. The Existing Approach to space-based protein crystallisation is to grow crystals in
orbit and to conduct x-ray crystallography on the ground. This has been mainly due to
the high weight of x-ray equipment and to the imposed safety constraints. However,
actual x-ray analysis of protein crystals onboard the ISS would significantly decrease
the time-to-results for the commercial user.
This onboard analysis may become possible using lighter and more compact
equipment, such as the X-ray Crystallography Facility (XCF) developed recently by
the University of Alabama (DeLucas, 1999). The XCF consists of the following
components:
•
•
•

•

An x-ray source (12kg mass);
A power source (15kg mass, using a power of 150W);
A goniometer (70kg mass, using a power of 30W), used to rotate the protein
crystal within the line of the X-ray beams;
A control rack for the goniometer (40kg mass, using a mean power of 200W).

The XCF as shown in Figure 5.8 is compatible with the ISS, as the above mass and
power figures do not present any significant problems to integrating this facility onto
the ISS. In addition, the radiation level is reduced to insignificant levels by a shutter
mechanism, thus preventing harm to the ISS crew.
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Figure 5.8. The X-ray Crystallography Facility
(Source: Bede Scientific)

Furthermore, two hardware systems are presently under development to operate
concomitantly with the XCF. The first is the High-Density Protein Crystal Growth
(HDPCG) system, which can hold a total of 1006 samples within its incubator and is
designed for operation by a crew member or by a robotic system. The second is the
Video Command and Monitoring (VCM) system, developed to allow automatic
observation of protein crystals from the ground, therefore minimising crew
involvement in scanning large numbers of protein samples. The x-ray crystallographic
data obtained would be downlinked to the regional centres, to which the proposed
PCC would need access.
3.4.5 Method of Crystallisation
Microgravity based protein crystallisation has yet to deliver results that are a clear
improvement upon those achieved with ground-based alternatives. This may have
been due to the previous focus upon the vapour diffusion technique, which may not be
the most appropriate technique for microgravity, even though it is the most commonly
used technique on Earth (Chayen, 1999a).
It is, therefore, possible that a shift of focus toward the FID and dialysis methods
onboard the ISS could result in significantly superior protein crystal growth (Chayen,
1999b). An increase in data and hard evidence supporting the superiority of spacegrown crystals would greatly increase commercial confidence and consequently
increase commercial use ofthe protein crystallisation facilities ofthe ISS.

3.4.6 Human Operator Fault
Although each protein crystallisation facility has a certain level of autonomy, there is
a risk of human operator fault in space or on Earth (by astronauts or personnel on the
ground). The astronauts are required to handle protein samples to initiate the crystal
growth process, and to transfer protein crystals to a return vehicle or to a diagnostic
apparatus such as the XCF.

To address this risk, the commercial user could be provided with a certain level of
autonomy over the payload (ideally, in real time). Tele-operation and tele-robotic
techniques could also be implemented for the operation of protein crystallisation
facilities.
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3.4. 7 Access to and from the ISS
The US Space Shuttle, H-11 Transfer Vehicle (HTV) or the Progress supply vehicle
would be the main transportation systems for protein samples to and from the ISS.
The Space Shuttle missions to the ISS are currently planned for four to six flights per
year. Transportation racks, compatible with the ISS facilities, will be used for protein
transportation. In addition, there is the option of using a return capsule to return the
samples to Earth, where the gravitational force experienced during re-entry would be
approximately 4.5g.

4

Policy and Law

All commercial ventures utilising protein crystallisation facilities onboard the ISS will
be carried out within the current international legal framework comprising the United
Nations treaties on space activities, the 1998 IGA and the associated MOUs that are
specific to the ISS. There are a number of issues that should be addressed before such
commercial activity takes place onboard the ISS.

4.1 Intellectual Property Rights (IPRs)34
In the context of commercial protein crystallisation activity onboard the ISS, the most
significant legal issue concerns the patent rights pertaining to the protein solution, and
the intellectual property rights (IPRs) of the downlink data from the XCF facility sent
from the ISS in the New Approach (see section 5.4 of this Chapter).
Article 21 , of the 1998 I GA., states that activities occurring in a particular module will
have occurred in the territory of the country furnishing the module (except for the
ESA registered elements, where each of the 11 member states can claim the activity to
have occurred in its own territory). Therefore, for a company acting through the PCC,
the IPR laws ofthe country in whose module the experiment is conducted, will apply.
Therefore, the drug manufacturing company is constrained to use IPR protection of
the relevant state. However, in the case of ESA, the commercial user can choose the
IPR regime of one of the 11 member states of ESA that are taking part in the ISS
program.
As a solution to commercialise the ISS, it is suggested that a pharmaceutical
manufacturing company, through PCC, should have the right to decide which patent
laws would apply to their protein solution. Since it is hypothesised that the PCC is a
British company, the PCC would likely choose its own IP laws because of they are
the most flexible in Europe.

4.2 Technology Transfer
Technology transfer occurring onboard the ISS is an important issue relating to
protein crystallisation. If a commercial user aims to perform protein crystal growth in
a particular facility located in an ISS module, the country that owns the module may
want to impose some restrictions on such a transfer for security and policy
considerations. As suggested earlier, the patent will protect the pharmaceutical
manufacturing company through the PCC. If the drug manufacturing company wants
34

See also Chapter One of Part One.
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to exploit the invention commercially, they can give a license to other drug
manufacturing companies that will be protected by a confidentiality agreement
between the two companies. There should be no interference from the country in
whose module the experiment is conducted.
4.3 Confidentiality
The pharmaceutical manufacturing company interested in carrying out ISS-based
protein crystallisation through the PCC may want to have exclusive control and rights
over the information of the protein crystal structure that is grown in space. They will
not want any unauthorised person to have access to the information.
Article 11 (2) of the 1998 IGA proposes to develop a Code of Conduct for the ISS
crew, which will contain provisions regarding the responsibility and liability of the
crew members to deal with the data of experiments. Article 12(4) of the 1998 IGA
states that:

"Each Partner shall respect the proprietary rights in the confidentiality of
appropriately marked data and goods to be transported on its Space
transportation system. "
The crew and the persons who will supervise the flow of data relating to the
experiments will be bound by the Code of Conduct and the confidentiality agreements
respectively. This means that they cannot disclose data or any other information to
unauthorised parties. In case of violation they will be liable under criminal and civil
proceedings. If, as suggested previously, the XCF is used to transmit x-ray
crystallographic data to the Earth from the ISS, the commercial user will want to have
the data be confidential. The proposed XCF is compatible with NASA standards for
security of data transmission.
4.4 Liability
According to the 1998 IGA, a private company of the Partner states is covered under
the term "entity of the Partner states" and is therefore protected under the crosswaiver of liability entered into by the Partner states. However, this cross-waiver of
liability would apply only on the activities occurring out of the protected space
operations. Protected space operations means all launch vehicle activities, Space
Station activities and payload activities on Earth, in outer space or in transit between
Earth and outer space. It excludes activities on Earth, which are conducted on return
from the ISS to further develop a payload product or process for use other than for the
Space Station.
The liability affecting the life or safety of a national or causing damage to the
elements of the ISS, are dealt with according to Article 22 "Criminal Jurisdiction" of
the 1998 I GA. The Partner states who have suffered loss can request compensation or
engage criminal suit against the perpetrator if it is not satisfied that the perpetrator has
been dealt with by the competent authorities within a 90-day period or, as otherwise
agreed upon between the Partner states.
Although the IGA gives a solution for the liability issues, it is not clear to what extent
the drug manufacturing company will be protected. Will the company be held liable
if the experiment goes wrong on the ISS or if there is a wilful misconduct while the
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experiment is taking place? It is suggested that the Partner state should be liable and
not the drug manufacturing company to attract commercial user experiments onboard
the ISS. It is also suggested that the drug manufacturing company should acquire first
party and third party liability insurance.

4.5

ISS Access by Non-Partner State Entities

The other important issue to consider is whether or not non-Partner states can gain
access to the ISS; and if so, what conditions will be imposed by the Partner states. The
non-Partners will also be interested to know about the conditions laid down by the
Partner states. The political relations between the Partner and non-Partner states are
also a major factor.
Private companies from non-Partner states can get access to the ISS through their
respective space agencies or by themselves, but in either case the permission of their
national governments is obligatory. In this case, the Partner state through which the
non-Partner state entity accesses the ISS will be responsible for the conduct of
experiments of the non-Partner state.

5
5.1

Business Issues
Summary and Executive Overview

New protein structures facilitate the design and modelling of specific drugs to combat
a multitude of human conditions, for example glycoprotein 120 to treat Acquired
Immune Deficiency Syndrome (AIDS), dystrophin to treat Duchenne's muscular
dystrophy and f3-amyloid precursor protein to treat Alzheimer's disease.
However, the detailed three-dimensional structure is known for only 1% of protein
molecules. Therefore, there remains a high potential for research in this area. As a
company that would facilitate the discovery of these structures, the PCC has a
potential for profit.
The proposed company would specialise in using the ISS as a commercial research
and development facility for protein crystallisation. It would sell protein structure data
to the research and development divisions of pharmaceutical companies. This data
may be in a variety of forms :
•
•
•

Processed protein crystals only;
Protein crystals and data of protein structure;
Data of protein structure only.

Each service would have a different price to the customer, since the requirements for
ISS resources and the transportation to and from the ISS are different in each case.
Commercial protein crystallisation is not a new development in the space arena.
However, the duration and frequency of space flight have been limited in the past.
The ISS offers a new opportunity for long-term and continuous protein growth in
microgravity.
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5.1.1 Product I Service Plan
Space-based protein crystal growth is not necessarily a replacement for the groundbased alternative, but is meant to complement it. Currently, ground-based protein
crystal growth is an integral part of the discovery process for new pharmaceutical
drugs that target human proteins. Introducing ISS-based protein crystallisation into
this process can reduce the time and increase the probability of successful drug
development.
The key problem of space-grown crystals is the time-to-results and the time from
proposal to experiment. The requirements of PCC should be clear: regular and
continuous access to and from the ISS, a fast response, and a high performance/price
ratio.
The existing research and development in protein crystallisation generally takes place
on the ground as follows:

identification
of protein

The PCC will move the protein crystal development phase into space as follows:

....··..

Client takes over
............. ··········-·········.............

••..,. ....-

New drug
···...\
development
\.....
............. .
··............_,..,.................... ·-

With the protein structure data gained from analysing the crystals grown in space, the
PCC's clients can go on to develop new pharmaceutical drugs. The PCC's
responsibility ends with the successful transfer of either protein samples or the protein
structure data to the client, and does not extend to the development of new drugs.
Pharmaceutical companies do not necessarily have the expertise to manage a spacebased research segment for their business. In the past, these experiments could be
done only through the scientific programs of the space agencies. The PCC will add
value by managing the space-based segment of pharmaceutical companies' research
programs.

5.2

Marketing Plan

5.2.1 Target Market
The target market for our venture is pharmaceutical companies with total annual
revenues in excess of US$ 1B, or with annual research and development expenditures
ofUS$200M.
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The services that the PCC provides are high-cost and high-value services. They are
intended to complement an existing ground-based research program. Therefore, the
PCC's clients must have sufficient need and resources to take on the extra level of
quality provided by space-based research. Of the potential research and development
services mentioned above, the PCC assumes no more than 10% will be devoted to
high-end research service.
Companies such as Bristol-Myers Squibb, DuPont Merck, SmithK.line Beecham,
Sterling Winthrop and Upjohn are already involved in this sphere. Certain companies
such as Johnson & Johnson have been rather cautious of getting involved in spacerelated pharmacology (Aviation Week's Space Business, 1999). However, Glaxo
Wellcome has recently formed a collaboration with Imperial College London to
develop a new protein crystallisation apparatus, which can accommodate 1000 protein
crystal samples (Chayen, 1999b). In collaboration with Eli Lilly & Co., The
Hauptman Institute of New York is using space-based data of the human insulin
protein to design a drug that will be used to treat diabetes mellitus (NASA MSFC,
1999b).

5.2.2 Competitors
The PCC's business is dedicated to the commercialisation of protein crystallisation in
space. The main competitors in this industry are either involved in ground-based
research, or assist pharmaceutical companies in getting payloads in space, but are not
specifically focused on space-based protein crystallisation itself
The main competitors will be existing companies (such as Spacehab, Instrumentation
Technology Associates (ITA), New Century Pharrn, Inc. and Diversified Scientific,
Inc.) already involved in similar ventures and are advertising protein crystallisation as
a service to commercial users.
For example, ITA has pursued agreements with NPO Energia for launches to the
space station Mir. Spacehab has commercial rights to deal with the Space Shuttle
facilities and theoretically, each Partner space agency could give exclusive rights to a
subsidiary company (such as the UM Co.) to manage the commercial users of each
ISS protein crystallisation facility. In turn, a company interested in protein
crystallisation may have to obtain the utilisation rights for each protein crystallisation
facility from these subsidiary companies. Therefore, the PCC may find difficulty in
providing a competitive price for its clients, compared with ground-based
alternatives 41 .
Further competitors could be the pharmaceutical companies themselves, which may
apply independently to the ISS Partner space agencies to perform protein
crystallisation studies on the ISS.

5.2.3 Capacity Issues
The opportunities available for commercial activity using ISS protein crystallisation
facilities are strictly limited. Assuming approximately 30% each of the three protein
crystallisation facilities on the ISS is commercialised around 2200 samples can be
grown annually. One of the main cost drivers is the rental fee that will be paid either
41

See finance section of Chapter Three.
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to the space agencies or to the UM Co. for ISS resources. The rental fees are payable
to the space agencies in the current Existing Approach and to the UM Co. in the New
Approach (for more details see the scenario analysis in the Section 5.4). Using the
rental space in the most efficient way will decrease the cost per protein sample. For
this reason, the number of protein samples to be transported to the ISS, the number of
stored protein samples onboard and the X-ray crystallography capability of the XCF
all have to be optimised.

5.2.4 Time
Another significant constraint is that it takes too long to get a payload onboard the
ISS. The government safety rules that apply to experimental and crew activity
associated with the flight certification of hardware, software and sample material is a
major impediment to commercial utilisation ofthe ISS. The Spacehab carrier situation
is a good example: preparation and approval time duration is about 18 to 24 months.
The clients of the PCC need the structural data of proteins quickly in order to
capitalise on market opportunities. For example, even while they get approval from
the government, they may need to change the protein sample if they identify another
protein where new structural data will offer a higher market potential.

5.3 Organisational Structure
The PCC, as shown in Figure 5.9, will consist of a director, researcher, operator, a
data analyst as well as general and sales staff.

186

Case Study Two: Protein Crystallisation

Director

Researcher(2)

Technical Manger(Researcher 1)

General Manager

Operator (1)

General staff (1)

Data Analyst (2)

(Lawyer, accountant)

h

Sales staff (1)

(Sales Contractor)

Figure 5.9. Organisational Structure of the PCC
This organisation is very flexible. Although each staff member is responsible for a
separate activity, in accordance with progress each person could be re-allocated to
another division in which activity may be at a peak. For example, during the operation
phase, researchers will assist an operator. During the research phase, the operator will
assist the researchers. The researchers will compile an experimental process book,
which can clarify the detailed experimental process and specifications.
This process book would answer the following questions:
•
•
•
•

Which protein crystallisation method is the most suitable for the next experiment?
Which facility is suitable for this experiment?
How long should the experiment be carried out onboard the ISS?
What kind of operation and maintenance are necessary during the experiment?

During the time of the experiment on the ISS, there is a need to oversee this activity,
which will be performed by the operator from the ground. If the experiment has
problems, the operator will analyse this and direct mission control to deal with the
problem. The operator can also confirm that the experiment data obtained is within
normal limits.

5.4 Scenario Analyses
The following two scenarios examine the differences between the PCC company
gaining ISS in the current situation versus a scenario in which the proposed solutions
from Part One have been implemented. The constraint letters and solution numbers
below refer to the main constraints and solutions described in the Summary Table of
Part One. In addition, a series of graphs are presented to emphasise the difference
between the New and Existing Approaches.
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5.4.1 Existing Approach
The management of the PCC, a British company, has the desire to become the premier
space research firm for protein crystallisation. The primary focus of the PCC is the
advancement of human health through the application of protein crystallisation on the
ISS.
The paucity of knowledge in how to proceed to place a payload onboard the ISS
2
would be viewed as a serious obstacle (constraint nt . To address this constraint, it
would be possible for the PCC to contact the ESA's User Information Centre at
ESTEC (constraint j). Although the PCC would be informed that there is currently no
procedure for direct ISS access, submission of a proposal to the European Utilisation
Board (EUB) may prove an alternative solution. In principle, a proposal would not be
required to undergo a merit evaluation and would have full intellectual property right
protection. However, the proposal would be submitted to the Manned Space Program
Board as well as the Partner Utilisation Plan, co-ordinated at the international level
(ESA ESTEC, 1999). When enquiring into the cost of a proposal, the PCC would be
informed that there is no pricing policy available (constraint p ). Then, the PCC will be
in a position to fly its experiments.
The costs that the PCC could expect to incur include the hiring of lawyers and
consultants (constraint "d") to assist registration and to obtain approval through Her
Majesty's Government of Great Britain and Northern Ireland. In addition, there would
be a need to hire a consultant to analyse the insurance requirements of the PCC
(constraint "e").
After these procedures, and many months, the PCC would be considered for an
experimental application on the ESA Columbus module, but not the US Laboratory
module or the JEM, as they would be unavailable for the PCC during this process
(constraint "m"). Figure 5.10 shows the procedure by which the PCC will get access
to the ISS in the Existing Approach.

·: -. .
8

M-

so~uuon l~

Proretn

.

.

;,..._ - .

:'u~:;'n ~~
CSA
ESA

lj

Protetn

CMndge

·. ·•.}..

NASA7 .

NASDA
RSA

crystals

~
~
_

Cartndge

CSA
ESA

~-

~= ~

e·...-...

,·.
\
'- ~~
~~
NASA ~~ PCC ;
ISS
NASDA
.
.../
RSA
-. .-

'~Q(..,.;

~

Figure 5.1 0. PCC Operation under the Existing Approach

The PCC may have preffered to select whichever facility best suited its client's needs,
however, using the Existing Approach it has been shown that restrictions would only
allow use of the Columbus module (and therefore only the PCDF).
The financial analysis ofPCC operations under the Existing Approach is graphically
represented below in Figure 5.11.
42

For all constraint references, see the Summary Table of Part One.
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Figure 5.11. The Net Income of the PCC under the Existing Approach

One of the most obvious implications of this chart is the extreme fluctuations in the
net income. This is due to the infrequent access to the ISS and the low volume of
processing capability on the Columbus module. Sustaining such an unstable cash flow
would be very problematic.
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As shown in Fig. 5.12 the US$25,300/sample price is barely sufficient to keep the
company in business. It is interesting to note that, while the NPV is distributed
symmetrically around zero, the option value is skewed and attains its minimum value
at zero. The difference between these two results for the same scenario is due to the
factors described in Chapter Three. The breakeven price is 5 to 6 times higher than the
prices currently available in the market.
Total Cost: $11.3 M for 11 years of operations
(Base year 1998)
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Figure 5.13. The Cost Breakdown of the PCC under the Existing
Approach

Figure 5.13 gives the cost breakdown structure ofthe PCC in scenario 1 according to
which the overhead of the company is the most significant cost item. Even though
there might not be processing capability onboard the ISS, the PCC has to maintain its
personnel on the ground. Launch cost is not a very important cost item, since around
200 samples per year is assumed to be the commercial capacity in this case (400
samples can be launched in a package of30 kg).
5.4.2 New Approach
The Unified Management Company (UM Co.) will be established to promote ISS
utilisation to private investors, with its focus being a point of contact between the ISS
and commercial users (solution "p-1 ").
The UM Co. would determine the resources of the PCC that are needed for a
commercial venture into protein crystallisation on the ISS, in terms of finance and
human resources. It would also assess the possible reduction in cost by use of the
XCF through the reduction in time-to-results, created by analysis of protein crystals
on the ISS and down-linking of the data to Earth, instead of returning the sample,
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(solution "o-1"). All concerns oftechnology transfer issues43 and data security would
be addressed in pre-agreements. The UM Co. would make a contract to identify
liability issues 14 (solution "c-3 ") and provide legal and consulting services tailored to
the needs of PCC, thus saving time and money searching for outside lawyers and
space consultants. In addition, the UM Co. could enable the PCC to use all three
modules of the ISS, not just one, as in the Existing Approach (solution "l-1 ").
The technical solutions suggested by the UM Co. would be:
•

•
•
•

•

Using gel or oil to buffer the protein crystals from external forces (both in orbit
and during re-entry for clients that need returned samples) along with external
"dampers";
Maximise the available volume of protein solutions;
Using an alternative spacecraft for access to and from the ISS44 ;
Performing x-ray in situ crystallographic analysis onboard the ISS using the XCF
and transmitting the x-ray diffraction data to the clients as the final deliverable,
instead of the crystal itself;
Greater automation of facilities, while maintaining the option of human
intervention in experiments when needed.
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Figure 5.14. PCC Operation under the New Approach
UMC - Unified Management Company; PCC- Protein Crystallisation Company

In the New Approach, as shown in Figure 5.14, the UM Co. would obtain the
specimen from the protein crystallisation company and deliver it to the relevant space
agency. Once again, the space agency would grow the crystals in the processing
facilities, however, in this scenario, the data obtained from the XCF would be
transmitted to the PCC (through the UM Co.) for analysis. The PCC, in tum, would
deliver its "finished" product to its customer, a pharmaceutical company.

43
44

See Chapter One
See Chapter Two
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5.5 Timeline
The UM Co. would provide a timeline for the operations of the PCC in accordance
with the ability of the ISS to support the PCC's activities. Table 5.2 shows this
timeline.
Table 5.2. Timeline of the PCC's Operations
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Using the UM Co.'s suggestions, the financial analysis of this proposed solution is
presented here:
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Figure 5.15. The Net Income of the PCC under the New Approach

In the New Approach the net income of the PCC can attain a stable value as shown in
Figure 5.15. This is due to increased commercial capacity and more frequent
launches. After a brief period of fluctuating values, by the year 2005, with operations
in all three modules, a constant revenue stream is generated.
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Figure 5.16. Option Value and the NPV of the PCC under the New
Approach

As shown in Figure 5. 16 the US$5,200/sample price is due to increased capacity and
decreased marginal costs for processing. According to the NPV, at this price, the
company breaks even. Note that the option value is much higher in the New Approach
due to increased volume of business.
Total Cost: $90.8 M for 15 years of operations
(Base year 1998)
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Figure 5.17. The Cost Breakdown of the PCC under the New Approach
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In this scenario, as seen in Figure 5.17, launch costs constitute the largest portion of
the total cost. In order to utilise the increased capacity, which is approximately 2200
samples per year, more launches are needed. Even then, the XCF will help to decrease
the launch cost since not many launches from the ISS are needed after the XCF is
installed aboard the ISS. The relative share of overhead has decreased compared to
the Existing Approach since the human resources requirements in both cases are
similar.

5.5.1 Pricing Issues
Given the funds required to get access to ISS resources and the transportation costs to
and from the Space Station, the breakeven price offered by the PCC per protein
sample is calculated as US$5200. Compared to ground-based prices per protein
sample, which are around US$30 to US$100 per protein sample (NASA MSFC,
1999a) this figure seems to be very high. When compared to the existing microgravity
services, such as $4000/protein sample by Spacehab, the breakeven price put forward
by PCC starts to become competitive. This is especially true when the capacity of
Spacehab will be reduced due to the majority of Space Shuttle flights becoming
completely devoted to ISS flights.
Introduction of the onboard analysis capability of the XCF and decreasing marginal
costs per protein sample can constitute the basis of a sound business strategy. Even
though the launch costs and the access to ISS resources are inevitable cost items,
minimising the required IVA time, using advanced robotics and substituting the XCF
for the return Space Shuttle flights, further decrease the breakeven price.
When an examination of this price is made, two conclusions emerge:
•
•

The breakeven price is higher than potential customers willingness to pay
approximately US$1000/protein sample (NASA MSFC, 1999a);
The unique nature of the PCC's services has to be emphasised to convince in
potential clients. If initial attempts are successful, cautious customers may gain
confidence in the PCC and begin to start to use the PCC's services.

To assess the risk of this commercial venture by the PCC, a sensitivity analysis was
conducted and is graphically represented below in Figure 5.18:
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The impact of the two major cost items, launch costs and cost of ISS resources and
operations, on the breakeven price can be observed in Fig. 5.18. Various "What If?"
questions can also be answered with the help of this graph. For instance, if both of the
cost items described above are halved, the breakeven price decreases to around
US$3 ,000.
In summary, Table 5.3 compares the principal components of this venture between
the Existing Approach and the New Approach. It demonstrates the impact of the New
Approach on the major cost and revenue items ofthis case study.
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Table 5.3. Scenario Analysis for PCC Operations:
Comparison of the Existing Approach with the New Approach
Parameter
ISS Resources

Existing Approach
Operations (2004-2014);
Only use ofPCDF

IVA

20 hours per year
(2 experiment campaigns/ year)

SSRMS/other robotics
Power

NA
50 KW hours/ year
1 Mid-Size Locker
(1/8 ISPR) used for
4 months/ year
(2 experiment campaigns/ year)

Volume

Data Management
Communications

Total Price for ISS
Resources (annual)
Profit Margin for ISS
Partners!UM Co.
on ISS resources
Insurance premium for
ISS operations
Price per kg

Launch Insurance
Premium
Legal Consultant Fees
Breakeven Price
(per protein sample)

Benchmark Price
(per protein sample)
45
46

100 Mb for processing,
1 Gb for storage
10 000 kbps per year through
TDRSS
US$0.9M
15% for space agencies
(cost-based pricing, no barter)

25%
Space Shuttle
(to and from the ISS)
Mean ofUS$42 750/kg
(+/- US$3,200/kg S.D.)45

15%

New Approach
Operations (2001-2014);
Potential use of
SPCF and APCF;
Use ofXCF (2004 to 2014)
26 hours per year
(6 experiment campaigns/
year)
More automation planned
428 KW hours/ year
1 Mid-Size Locker (1/8
International Standard Payload
Rack)
XCF for 2-3 weeks/year (XCF
fits in a single ISPR)
700 Mb for processing,
6 Gb for storage
32 144 kbps per year through
TDRSS
(XCF data transmission)
US$2.95M
5% divided between
UM Co. and space agencies
(demand-based pricing policy,
bartering)
20%
Space Shuttle
(to and from the ISS)
Mean ofUS$28 500/kg
(+/- US$2000/kg S.D.)
(flexibility to use other
expendable launchers)
15%

US$500,000 per year
US$200 000 per year
Mean ofUS$5200
Mean ofUS$25 300
(+/- US$400 S.D.)
(+/- US$ 1900 S.D.)
(if 30% of Columbus capacity is (if 30% of Columbus, JEM and
US Lab is used)
used)
US$4000 (Spacehab )'+()
US$4000 (Spacehab price) 11

See Transfer Vehicles section of Chapter Two
See Chapter Three
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Notes to Table 5.3: Due to the uncertamt1es involved in the calculations, the
coefficient of variation (CV) is set to 7.5% for critical parameters (which are launch
prices per kg and price per sample). The CV is calculated as standard deviation
(S.D.)/mean x 100. 95% of the time, the actual values will be within +/- 2 S.D . of this
mean. The impact of the innovative solutions on the overall profitability of the
commercial venture can be assessed by the minimum and maximum prices within
each scenario.

6

Conclusion

Upon evaluating this case study, various innovative solutions were found to help
alleviate constraints on the commercialisation of protein crystallisation facilities.
However the key financial indicators show that the PCC would not be financially
successful. Using the suggestions provided in this report, the costs for this service
reduce from a prohibitively expensive US$25,000 per crystal to a high-end price of
US$5200 per crystal. According to the information on the market, this reduced price
is still 25% more than the nearest competitor's (Spacehab) price. With this
information in mind, the relative benefits ofusing the ISS (such as extended period of
time for protein crystal growth), are not enough to warrant a competitive business
market for this service.
However, there are several considerations outside the scope of this financial analysis
that could have an affect on this market.
Firstly, protein crystallisation has a priority in governments' commercialisation
agendas, as demonstrated by past experience and the capacity currently allocated for
these facilities. This political will could encourage a reticent market to develop.
However, this parameter is extremely difficult to quantify.
Next, the dramatic impact of economies of scale demonstrates that the price per
sample could be decreased even further if more than 30% of the capacities are
allocated for commercial activities. In the foreseeable future, though, a maximum of
30% is expected.
Also, the low mass required for launches of protein samples leave the possibility for
certain government incentives (such as piggy-back launches) which can significantly
reduce one of the major cost items resulting in further decrease in the final price.
However, in order to analyse a fully commercial project, government incentives were
not included.
These considerations show that there is a huge range of possibilities for future
developments. However, within the scope of this case study, the current commercial
demand for protein crystallisation services does not justify such an investment.
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Conclusion
The application of the New Approach to ISS commercialisation to each case study
demonstrated significant benefits, both to the commercial user and to the space
agencies of the ISS Partners. The solutions proposed by Open for Business can ease
the legal, technical, and business constraints to ISS commercialisation, paving the
way for future commercial users. However, clear economic potential onboard the ISS
has yet to be demonstrated. For example, in the case study 14S, launch and
development costs are both prohibitively high. It is clear that extensive space agency
co-operation and support would be necessary to ensure economic success of ISS
commercialisation. Perhaps the greatest value of studying the two case studies was
finding the difference in basic constraints evidenced in the final analysis.
In the case of the 14S, it was found that the commercial feasibility was not proven.
Only if all missions are in situ and the development cost of Aetos is decreased by
50%, will the service break even. One of the most expensive components ofi4S is the
development cost of Aetos. In light of the high cost and ongoing struggle to develop
aerospace vehicles in general, it is unlikely that a single private enterprise could bring
Aetos to market and still have remaining capital to operate the 14S business. Of
course, Aetos would have many secondary applications as the frontier of space
expands, but only governments can wait the extended time needed to recover such an
important investment.
Dropping launch cost is a threat to this business, as it makes launching new satellites
more cost effective. When measured against launch, re-supply and development cost,
the positive effect of solutions for the variety of other constraints is marginal. Even if
a significant market exists, increased robotics, in situ servicing and barter
arrangements are not likely to dramatically ease the cost constraints affecting this
enterprise. It is uncertain that 14S would survive the development process without
significant public involvement. In spite of the opportunity to serve the only large,
successful industry sector in space, interested parties should choose a more feasible
project that shows a greater chance of demonstrable success to kick-start
commercialisation. Public opinion and tight budgets demand it.
Protein crystallisation in space has been successfully demonstrated as a scientific
application for some time. It has been suggested that larger, higher quality protein
crystals can be manufactured in space in 45% of cases. The ISS provides longer
duration opportunities and greater capacity that expands the breadth of research
possibilities.
In spite of the potential of protein crystallisation commercialisation, compared with
other ISS applications, it still has not been proven a commercial success. When the
Protein Crystallisation Company establishes its business at competitive market rates,
utilising the new XCF and maximising the use of robotics, data transmission and other
technologies, marketable products will not necessarily result.
Since space-based protein crystallisation does not replace ground-based research, it
can add time, expense and a high level of risk to the process of pharmaceutical
manufacturing. The economic motivation for pursuing risky research in space is
questionable. It would take increased evidence of successful space research, and
decreased time in development to equal the economic results of corporate mergers. As
long as protein crystallisation research has been pursued in space, no significant
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market opportunity has been discovered. Clearly, no overwhelming economic driver
exists to fuel the finding of solutions to the constraints operating on protein
crystallisation commercialisation.
Protein crystallisation may yet prove to be a major commercial success in outer space.
It is unlikely, however, that the pharmaceutical industry will ever be strongly
motivated to pursue it for the sake of demonstrating the viability of space commerce.
The opportunity for space agencies to uncover a "gold rush" application that would
energise commercialisation still exists. Once the opportunity is uncovered, the
pharmaceutical industry is one industry with the resources to pursue it in a
competitive environment. Again, public-private co-operation is the key to progress.
As shown in the summary table of section 3, various innovative solutions were
applied to both case studies. However, not all solutions provided for the current
constraints apply equally. For I4S, although solutions were applied to current
constraints, the most important one is access to ISS. Even if this constraint is eased,
the development cost of Aetos is the factor deciding whether I4S is profitable or not.
Overall, the innovative solutions to the legal, political, technical, business and
management constraints were helpful, they did not show a significant benefit to
profitability, when applied to the two case studies. Although, the introduction of the
UM Company eases many of these constraints, the viability of commercial ventures
on ISS is still in doubt. Nevertheless, the indirect economic benefits realised by the
Partner space agencies as a result of these solutions could have positive long-term
effects on ISS commercialisation.
A Look at the Future

Although solutions to the legal, technical and business constraints on
commercialisation seem to improve the environment which might make private efforts
successful, it is no guarantee that the road to commercialisation will be smooth or that
the journey will even begin. In the current multinational political climate, the unified
will to effect these changes is just beginning to emerge. In fact, the space agencies are
running away from ever increasing costs. It is entirely possible that the
commercialisation movement is merely a government smokescreen to appease
taxpayers.
If the agencies did put whole-hearted, supportive and enabling actions and energy
behind the ISS commercialisation effort, it could ensure that successful commercial
activity onboard the ISS occurs. Regardless of the variety of solutions suggested in
Open for Business, high launch and operating costs of the ISS remain prohibitive. As
John Logsdon of the George Washington University Space Policy Institute states,
"Politics always win - but economics trump" (Logsdon, 1996). In other words, if a
significant economic driver exists, it will energise the political will to overcome the
legal, business and technical constraints to ISS commercialisation. It is likely that a
number of strong economic drivers must exist before full commercialisation becomes
reality. In order to make ISS commercialisation a success, a significant commitment
on the part of both public and private interests is necessary. A three-stage approach to
total future ISS commercialisation is recommended below.
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Early Utilisation to 5 Years
In this phase, the government space agencies lay the foundation for close publicprivate co-operation. This is the level necessary at the beginning to ensure that
commercialisation is a smooth, progressive process. At this stage,
"commercialisation" is still a government-owned, government-operated activity. The
following features should characterise this phase:

• Learn from the Past:
1) Incorporate the Russian experience in space operations into present plans.
2) Review all commercialisation studies from the last ten years. No new ideas on
how to proceed are necessary.
3) Governments and space agencies begin to think like customers who adapt to
commercial offerings rather than control and depress markets that might be
commercialised.
•
•

•

•
•

•
•
•

Provide economic stimulation to encourage investment, enlarge markets and
identify potential economic drivers.
Establish a Private Sector Advisory Board to guide the ISS Partners in smooth
commercialisation policies. Each board member should have hands-on
commercial space experience.
Establish a Space Council to . provide oversight of the process. This ensures
fairness for all participants, including the interests of science who risked being
squeezed out by a total commercialisation effort.
Establish a unified legal regime to enable the commercialisation process.
Emphasise protection of intellectual property rights.
Establish the Unified Management Company with limited goals to begin
communicating with the industrial marketplace. Incorporate consortia behaviour
so that no one partner dominates the new relationship. Activate marketing plans
but do not transfer any resources until the affected governments, nations and space
agencies have an opportunity to fully recover large initial investments in
infrastructure.
Establish a comprehensive outreach program to reuse public awareness and
showcase potential opportunities.
Enforce reasonable time frames for decision-making and contract review.
Establish media coverage from the first days of early utilisation. Getting the
general public involved can only energise the commercialisation process.

Mid Life Utilisation: 6 to I 0 Years
In this phase, the governments should actively encourage transition of goods and
services to the private sector, wherever a commercial market exists or can be
developed, and then buy from these commercial sources. This is a government-owned
and partial company-operated stage as commercial interests begin to assume operation
of certain functions. The Unified Management Company assumes greater
responsibility and a larger role in applications where viable markets exist. The
following features should characterise the second phase:

•

Showcase a successful commercial enterprise fostered in the first phase to
stimulate interest in expanding business onboard the ISS. "Edutainment"
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•
•

(entertainment and education) and other multimedia activities may be the first
commercially successful enterprises on the ISS.
Continue economic incentives to investment in commercial use of the ISS.
Space agencies continue to adapt to available commercial products and services to
meet their needs rather than insisting that industry meet specifications.
Government learns to become an educated consumer in the commercialisation
process.

Late Life Utilisation: 11 to 15 Years
In this phase, the full transition to commercialisation is made. The government still
has full ownership of the ISS but full operational responsibility is given to private
interests. Government focuses on other development projects and leaves commercial
interests in charge of ISS operations. Ideally, the same successes realised by the
Unified Management Co., in earlier phases, will be seen in ISS operations. This, then,
is the state of commercialisation described earlier by NASA in the introduction of
Open for Business. This phase should:
• Evaluate productive applications and facilities beyond the projected lifetime of the
ISS.
• Extend the lessons and structures of commercialisation of the ISS to space
enterprise in general.
• Adapt the ISS capabilities and activities to different and expanding mission
possibilities (Mars missions, LEO colonisation).

Commercialisation should be a gradual, orderly process. It will be characterised by
pilot programs between space agencies and commercial firms who will create
effective alliances among themselves as economic opportunities are revealed
(Doetsch, 1999). The first steps to establish the process are just being taken. In order
to advance the process to its full conclusion, the space agencies must firmly commit to
close co-operation with business and industry.
The status quo is definitely not acceptable for ISS commercialisation. If the ISS
Partners work closely together with the private sector, in an organised,
multidisciplinary and phased approach, then commercialisation of ISS might become
a reality.
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Appendix A: Quantum Computers

APPENDIX A:
QUANTUM COMPUTERS
1

Introduction

The concept of a quantum computer was proposed as a theoretical concept more than
a decade ago (Benioff, 1982; Feynman, 1986). It is a machine that makes use of the
superposition principle47 of quantum mechanics to perform certain types of complex
calculations.
In a classical computer, according to the laws of classical mechanics, the exact
physical state of the system can be determined at any time. In a quantum computer,
according to quantum mechanics, the physical state of the system is not definite and
the properties of the system are not defined until the state is measured. In both
computers, a single bit (0 or 1), called a qubit for quantum computers, is represented
by a physical system that can exist in two states (e.g. the electronic states of an atom
or an ion). The benefit of a quantum computer is that the system can be in a
superposition of both states (0 and 1) and may thus perform operations on both states
simultaneously. As the number of qubits used in a quantum computer increases the
benefits in either speed or hardware resources increase exponentially.
These benefits are only for certain types of operations that can take advantage of the
parallel computing capabilities of quantum computers, such as searching and
factoring. When performing a search a quantum computer can essentially try all of the
numbers at once, instead of one after the other. This benefit can also be exploited
when factoring large numbers, as illustrated by Table A.l.
Table A.1. Exponential Benefit of Quantum Computers in Factoring
Large Numbers (Preskill, 1998)
Conventional Computer

Quantum Computer

Factor 130 digits in one month

Factor 130 digits in one month

Factor 400 digits in 10 billion years

Factor 400 digits in 3 years

This table assumes that the clock speed (i.e. operations per second) of quantum
devices does not lag too far behind that of their classical counterparts.

47

The superposition principle states that a quantum system can be in all of its possible
states at one time
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As current encryption techniques are based on the difficulty of factoring large
numbers, a quantum computer would make current cryptography systems obsolete
and could be used to develop new encryption techniques (Hughes et al. , 1997). The
use of quantum computers will allow more efficient storing of data as well as more
efficient searches of those databases. Quantum computers will improve current fast
digitising techniques.
Where the benefits of quantum computers are great, the difficulty of putting this
theory into practice is equally as great. The quantum world that these physical states
exist in must remain completely isolated from the normal world. Any "observation" of
these quantum states immediately causes decoherence, where the system is described
by only one of the possible states that it can be in, instead of all of them. If this
happens before the final operation is reached, the benefits of quantum computers
would be lost. So the challenge is to isolate the system from observation, while still
being able to perform operations on it and retrieve the results at the end.
Current techniques for achieving this are:
•

•

•

Linear Ion traps: The internal energy levels of trapped ions can be used as qubits.
Currently, 2-3 qubit ion trap quantum computers exist. Practical and theoretical
considerations suggest (Hughes et al., 1996) a theoretical limit of 4 7 qubits and
4.0 x 105 operations;
Cavity Quantum Electrodynamics (Cavity QED) (Domokos et al. , 1995; Turchette
et al., 1995). The different photon modes of an optical cavity are the physical
states that make up the qubits. This technique has been used successfully,
although scaling up to more than 2 or 3 qubits will probably be very difficult;
Nuclear Magnetic Resonance (NMR): In a slightly charged liquid, such as
chloroform, atoms can be isolated from the outside world. The surplus of charge
can be manipulated, operated on, using magnetic fields without losing the
coherence of the quantum state. This method has been successfully used for 2-3
qubits. Estimates of the largest number of qubits that can be realised with N1v1R
quantum computers range from 6 to 20 (Warren, 1997).

Two further ideas are quite similar and have the principal attraction of being solid
state devices, where the physical state of the device does not change during use. They
are still under development and have not yet been as quantum computers. However,
once realised, the scale up to large numbers of qubits should be relatively
straightforward. Their main drawback is that they will be in contact with their
environment that may make decoherence an insurmountable problem, as the local
environment could observe the quantum system:
•

•

Superconducting Quantum Interference Devices (SQUIDS): The discrete levels of
flux in a superconducting circuit would be exploited to give two level quantum
systems (Bocko et al ., 1997; Rosen, 1997; Rouse et al., 1995).
Quantum Dots: Quantum dots are regions of artificial abnormalities in a crystal,
which can be placed in a controlled manner. They can be used to trap single
electrons, whose spin orientation can be used as qubits (Barenco et al., 1995).
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Before quantum computers will reach the useful stage, the number of qubits and logic
gates must be scaled up by several orders of magnitude. To achieve this, new
techniques will probably need to be developed (Preskill, 1998).

2

Why the ISS?

In a search for these new techniques, this report considered space as a possibility. The
ISS naturally offers a very isolated environment that was originally thought to be able
to help isolate these quantum systems from the rest of the world. For example, it was
thought that laser cooling of atoms in microgravity was more effective than on earth.
The Atomic Clock Ensemble in Space (ACES) on the ISS takes advantage of the
microgravity environment and therefore offers the possibility to increase the accuracy
of atomic clocks by an order of magnitude or two (Salomon, 1996; Salomon, 1996).
Quantum computers and atomic clocks have very much the same needs. The more
precisely atoms can be manipulated, the more useful they are as quantum qubits. So
an increase in the accuracy of atomic clocks was thought to be able to translate into a
similar improvement for the capabilities of quantum computers.
Of the different techniques for developing quantum computers on the ISS, the one that
was thought to benefit the most from microgravity was the ion trap quantum
computer. When the idea was originally proposed, linear ion trap quantum computers
were to be developed using the ion trap atomic clock that will be in the ACES. It was
later discovered that the cold atom caesium clock was the only one of the ACES that
would benefit from the rnicrogravity environment (Salomon, 1996).
At this point, it was still thought that the laser cooling benefits of space could be used
to develop quantum computers on the ISS. It was then discovered that laser cooling is
not more effective in microgravity. With this realisation, the ISS could not be shown
to offer any benefits to the development of linear ion trap quantum computers.
Gravitational effects are not important for cavity QED, NMR or SQUIDS and so ISS
is not thought to benefit them. As microgravity is being used to develop larger more
homogeneous crystals, the quantum dot technique could potentially benefit from ISS.
This avenue has not yet been explored, as it was discovered too late in the timeframe
of this project.
Another motivation for quantum computers on the ISS is to space them. NASA and
other space missions could benefit from the secure communication, key distribution,
faster decision making, faster digitising (i.e. video) and more efficient memory of
quantum computers on board their spacecraft (Hughes et al., 1999; NASA-JPL, 1998).
3

Business Considerations

3.1 Funding Sources
Currently the quantum computer field is entirely in the research phase. It is assumed
that the same funding sources for earth based quantum computers and space-based
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versions will be the same. Funding sources for earth based quantum computer
research are research institutes (including universities and governments), military
grants and computer companies (CQC, 1999).

3.2 Best Case
If the ISS could be used to develop quantum computers, with the benefits being able
to be brought down to earth, i.e. mass market, the company who does this stands to
make more than enough money to cover the costs of sending such a project to the ISS
The computing industry is currently a $250 billion USD/year hardware industry and
$150 billion/year software industry [Futron, 1999]. Although the processing power of
computers has been doubling every eighteen months (Moore's law), by the year 2012
(Ball, 1999) microchips will have become so small that they can' t be made any
smaller, preventing any future improvements on computing speed.
Companies such as ffiM and Hewlett Packard (CQC, 1999) currently are undertaking
research in the field of QC. The company which becomes the first to develop a
working useful quantum computer and take it to market could expect to gain a large
share of the overall computing market (hardware or software), as they would have a
monopoly on the fastest computers.

3.3 Worst Case
Even if the benefits of the ISS for QC could not be brought down to earth, it could
still be profitable to use the ISS to develop a quantum supercomputer. This quantum
supercomputer would then be run on the ISS and would sell services to earth or
spaced based users. Computing time could be sold directly to research institutes, for
instance that are studying quantum physics or running large simulations, to companies
looking to generate computer animations, and cryptography services.
Although the size of the entire market is difficult to determine, an example of the
price tag on a new supercomputer 10 times faster than currently available shows the
value of such a quantum computer. The US department of Energy has a $I Billion US
supercomputer project including a deal (1995) with Intel to build the computer for $46
Million US (Intel, 1999).

4

Legal and Policy

Before a quantum computer could be developed on the ISS there are a few legal and
policy constraints that would need to be overcome. The marketing strategy for these
computers relies on being the first to market the computer. This means that when it is
put on the ISS, its competitors should not know. Also, could there be a deal for
exclusive quantum computing rights to the ISS? When the quantum computers are
actually made, the company involved would need to have appropriate patent laws to
protect its investment through its market share.
The ISS is designed for peaceful purposes. There does not however seem to be any
restrictions on dual use technology. As quantum computers are great for cracking
codes, the military is very interested in them as well. Military is a big financial
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contributor to earth based research, and would be interested in the results of space
based research. This raises a few policy questions, such as: Would the military be able
to sponsor the idea? Would the idea be allowed to fly, due to its military applications?
Would a cryptography service be able to sell service to military? If not, how would
the service be regulated and by who.
Legality of encryption - There are currently no restrictions on the use of encryption
technology within the United States, though the Clinton administration, citing
National Security, has long prohibited US firms from selling their best products
overseas (Froonkin, 1998).

5

Contribution to Overall Report

Although the idea of developing a quantum computer with the ISS could not be
shown to be useful, there were several benefits of studying this idea for this project.
The technical problem that arose raised a number of management issues. When
deciding who gets on the ISS, the question of whether or not a technical assessment of
the idea needs to be performed had not been addressed. Will the management
structure do any technical assessment? Offer technical consultant services? It had
been assumed that anyone paying money to go on the ISS would ensure that their idea
was technically. This issue has now been included in the management structure.
As the ISS policy on utilisation for peaceful purposes only is quite clear and the
question of what constitutes military utilisation seemed quite clear, the question of
dual use technology was not raised . The dual use nature of quantum computers raised
this question and the issue has now been addressed in the common legal and political
issue section.
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8:

ADVERTISEMENTS

The International Space Station-

Reaching out, looking up.
n the second quarter of next year, the new Unified
Management Company of the ISS opens its doors for
business. The Partners have gotten together, pooled
their interests and resources, penetrated the regulatory
jungle and created the one-stop-shop for which the
space industry has been asking.
Along with a new spirit of cooperation and
openness onboard the ISS goes a media outreach
campaign to describe it. In addition to traditional
aerospace groups, the UMC will be addressing its

I

message to the pharmaceutical and telecommunications
industries as well as the general public. Watch the
trade publications and your local news.
he new UMC of the ISS is reaching out
to the world and looking up to the
future . Whether you are an old hand at
space or have new ideas and questions, the UMC of the
ISS wants to talk to you. Contact the regional office
nearest you today.

T

Unified Matlll!!ement Company
oflbe ISS

Philadelphia

Barcelona

St. Petersburg

Cairo

Hong Kong

Calgary

Rio de Janeiro

Tokyo

San Diego

Kiev

The International Space Station-

Where new ideas crystallize.
hen Roger Vickers of PCC, the leader in
space-based pharmaceutical research, first
came to the UMC, protein crystallization
in space was pretty routine. Growing larger, more
uniform crystals had proven possible about 45% of
the time. Protein crystallization was not yet
profitable for several reasons, however- the small
number of facilities available and the limited
duration of most micro-gravity opportunities made
ongoing research difficult. Long mission lead times
kept progress and industry interest at a minimum.

W

PCC wanted to know if a start-up enterprise serving
the pharmaceutical industry could work smoothly
and efficiently with the new resources of the
International Space Station. Early client interest
suggested that PCC would need to satisfy the
industry on a number of key issues vital to
expanding space-based research on protein
crystallization.

showed Roger how his idea to serve the
pharmaceutical industry's interest in space could
take shape. Use of a number of facilities among the
Partners' modules made high volume service to his
clients possible. UMC smoothed out all the liability,
technology transfer and confidentiality issues.
Critically, UMC showed Roger how new technology
could keep launch costs down, improve quality
control and reduce turn-around time to his clients.
Finally, UMC provided Roger a clear-cut pricing
scheme that gave his financial backers confidence in
the project. Today Roger Vickers and PCC are
earning a healthy share of the pharmaceutical
industry's $20.6 billion annual R&D budget.
f you have a business plan that might be applied
in micro-gravity, give the Unified Management
Company of the ISS a call. You'll get the
information, advice and support that can turn your
idea into crystal clear profits.

I

The Unified Management Company of the ISS

Unified Mantll!ement Company
offhe ISS

Philadelphia

Barcelona

St. Petersburg

Cairo

Hong Kong

Calgary

Rio de Janeiro

Tokyo

San Diego

IGev

The International Space Station-

Under new management.
hrough dozens of years and changes, lots of fits and
several false starts, the International Space Station
project has struggled into existence. Even once
assembly began, the tangled web of multinational rules,
regulations and restrictions on doing business made
enterprise, much less commercialization, seem impossible.

T

Those days are gone. In the second quarter of next year,
2001, the new Unified Management Company of the
International Space Station will open its doors for
business. The Partners have gotten together, pooled their
interests and resources, penetrated the regulatory jungle
and created the one-stop-shop for which the space industry
has been asking.
If you thought doing business in space was too risky, too

confusing or too expensive to go it alone, the UMC has
new solutions for you. The UMC is organized to get the
exact information you need quickly. New launch
technology and flexible scheduling mean quicker
turnaround for your projects. Innovative pricing and
barter arrangements put space within reach of industry
groups unable to fly in the past. The UMC will even find
joint venture partners to help stretch limited resources.
ou' ll find a new spirit of cooperation and openness
onboard the International Space Station. The
UMC wants to change your mind about doing
business in space. Whether you 're an old hand at space or
have new ideas and questions, the new Unified
Management Company wants to talk to you. Contact the
regional office nearest you today.

Y

Unified MlliUll!ement Company
offlte ISS

Philadelphia

Barcelona

St. Petersburg

Cairo

Hong Kong

Calgary

Rio de Janeiro

Tokyo

San Diego

Kiev

The International Space Station-

your uplink to the future.
rom low Earth orbit to the frontier of the Red Planet,
the telecommunications industry has pushed man ' s
ability to manage and explore his universe. Now
that the International Space Station is firmly established
on-orbit, the Unified Management Company of the ISS
challenges the industry to maintain that leadership.
magine a telecom environment that enables
greater technologies, spawns greater
economies, and pushes the frontiers of
improved communication to the edges of the solar system
and beyond it. Can satellite technology be improved to a
state of complete reliability? Will new methods ensure
the conservation of current resources while blazing more
efficient paths to the future? What would it be like to ride
faster and faster data streams throughout the galaxy?

F

I

f you have thought about the future of the
telecommunications business in outer space, the
Unified Management Company of the ISS wants to
talk to you. UMC is organized to get the exact
information you need quickly. New launch technology and
flexible scheduling mean quicker turnaround for your
projects. UMC will even help find joint venture partners
to stretch limited resources.
hether you are concerned with greater
efficiency for existing technologies or
pushing the envelope of the possible
to the limit, the UMC will assist your uplink to the futu re.
Contact the regional office nearest you today.

I

W

Unified MQIUlJ!ement Company
oflhe ISS

Philadelphia

Barcelona

St. Petersburg

Cairo

Hong Kong

Calgary

Rio de Janeiro

Tokyo

San Diego

Kiev

The International Space Station-

Open for business.
n the second quarter of next year, the new Unified
Management Company of the ISS opens its doors for
business. The Partners have gotten together, pooled
their interests and resources, penetrated the regulatory
jungle and created the one-stop-shop for which the space
industry has been asking.
Along with a new spirit of cooperation and
openness on board the ISS goes a media outreach campaign
to describe it. In addition to traditional aerospace groups,
the UMC will be addressing its message to the

I

pharmaceutical and telecommunications industries as well
as the general public. Watch the trade publications and
your local news because the new UMC of the ISS wants to
change the way you think about outer space.
ot only is the UMC open for business but
open to it. Whether you are an old hand
at space or have new ideas and
questions, the UMC of the ISS wants to talk to you.
Contact the regional office nearest you today.

N

Unified MllJUlJ!ement Company
ofthe ISS

Philadelphia

Barcelona

St. Petersburg

Cairo

Hong Kong

Calgary

Rio de Janeiro

Tokyo

San Diego

Kiev
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AND CALCULATIONS
1

!1V and Time of Flight Breakdown for Test Cases

The following table shows the velocity increments and the time to complete the
orbital transfer for the example satellite constellation considered in the I4S case study.
The velocity increments are divided into the in plane change (taking place at the
perigee of the transfer orbit), and the combined plane change at the apogee (the suboptimal orbital change strategy assumed). The time of transfer columns show both the
case in which no difference in right ascension of the ascending node exists (Ll T), and
the worst case scenario of a 180° difference between the plane of the ISS and the
target satellite orbit. The difference in the velocity of precession of the lines of nodes
of the ISS and the target satellite is used to achieve coincidence of the mentioned
lines.

Skybridge
Orbcomm
Global star
LEO-one
ICO

In Plane
(perigee)
[m/s]

Combined
(apogee)
[m/s]

!1T
[h]

!1T for n
change
[day_s]

258
91
248
134
1465

485
858
245
243
1264

1
1
1
1
2

102
113
68
46
107

This latter case, as already mentioned in the mtsston description, shows the
importance of proper planning of the servicing mission to avoid long precession
times. For a small difference in n, depending on the particular satellite, a plane
change on the line of nodes of the two orbital planes (limited to small angle), and the
natural differential precession of the lines of nodes render the servicing mission
feasible in an acceptable time interval. All the figures refer to a one way trip of the tug
to the satellite.
2

Propellant Mass Calculation

As mentioned in the I4S mission scenario, to bring a satellite to the ISS, Aetos is
detached from the anchoring device on the ISS and transfered from the orbit of the
ISS to the orbit of the satellite. Then, Aetos rendezvous with a satellite, grabs it, and
brings it back to the ISS. Therefore, for the calculation of the propellant mass two
mission legs are considered: first, from the ISS to the satellite (Aetos only) and
second, from the satellite back to the ISS (Aetos and the satellite). The total propellant
required for the mission is the sum of the propellant required for the first leg and the
propellant required for the second leg that is being carried as payload in the first leg.
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For the calculations, first the propellant mass of the second leg is calculated using the
rocket equation:

Where,
mprop2, [kg] :
mn, [kg]:

The propellant mass for the second leg of the mission
Aetos dry mass plus its residual propellant and the satellite
mass
Velocity increment required for a combined orbital plane and
altitude change from the orbit of the satellite to the orbit of the
ISS
Specific impulse of the Aetos propulsion system
Gravitational acceleration of the Earth at sea level

Then from

the propellant mass required for the first leg of the mission is calculated, where:
mpropl, [kg]:
mn, [kg] :
L1v1, [m/s]:

The propellant mass for the first leg of the mission
Aetos dry mass plus mprop2
Velocity increment required for a combined orbital plane and
altitude change from the orbit of the ISS to the orbit of the
satellite
Specific impulse of the Aetos propulsion system
Gravitational acceleration of the Earth at sea level

The total propellant mass required for the mission is:
mprop = (mpropl + mpropz)xl.l
considering a 10 percent propellant mass margin.
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3

Aetos Drawings

Aetos side view 1

Aetos side view 2
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Aetos top view
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