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_______________________________________ Abstract

The Google Lunar X PRIZE (GLXP) is causing a paradigm shift in space exploration. The
GLXP is conceptualized and designed to spur private sector investment and initiate their
leadership in space exploration. In 2014, if successful, the teams participating in the GLXP
will have executed a privately funded and administered mission to the Moon.
The very conduct of the GLXP raises several opportunities, challenges, and constraints for
the teams, the X PRIZE Foundation (XPF), space agencies, United Nations Committee on
Peaceful Uses of Outer Space (UNCOPUOS), scientific foundations, and other players with
interests in space. A ‘Stakeholder Matrix’ was devised to better determination who would be
most affected by the GLXP and better understand the issues that pertain to them. The report
provides an analysis of the functional areas that the stakeholders must consider, and provides
recommendations from which the stakeholders can benefit.
The report begins with a philosophical overview of humanity’s inspiration in exploring outer
space and then provides the reader some of the lessons learned from earlier missions. It
documents the outreach initiatives the stakeholders will need to undertake in creating and
sustaining interest in the competition. All future missions should be environmentally
conscientious to retain public support, and the report conducts an analysis of the
environmental impacts on the Earth, Moon and space. The report then examines the
technical challenges the teams face, the legal issues that arise from the GLXP, and the
business opportunities that should result. Finally, the document reviews the long term
implications of space exploration. The ultimate goal of this report is to act as a compendium
for GLXP stakeholders and provide them with a concise overview of the pertinent topics
and recommendations on how to maximize the opportunities present in the Google Lunar X
PRIZE.

vii

_________________________________ Faculty Preface

"If you want to build a ship, don't drum up people to collect wood and don't assign them tasks and work, but
rather teach them to long for the endless immensity of the sea."
- Antoine de Saint-Exupery (French author and pilot, 1900-1944)
Longing is a very strong emotion - longing for home when being away from beloved family
and friends, but also longing for fame, wealth or just for exploring the undiscovered. During
all eras of human history, when crews and ships were searching the unexplored corners of
the Earth, they were looking for such fame, wealth, and knowledge. Usually it was the
governments of nations or empires that sent the first expeditions as a means to increase their
political influence and for their financial benefit - unfortunately, not always for the benefit of
the discovered regions and their inhabitants. In any case, governmental investment paved the
way for private entities to also take advantage of the new markets. Later on small groups lead
by single persons, often quite strong characters, took the individual and financial risk to fill
the last open gaps in the global map.
Since the launch of Sputnik I in 1957, space is the new sea of humankind. During the last
five decades governmental space agencies have sent probes to the Moon, planets and their
satellites, and to small bodies of the solar system. The Google Lunar X PRIZE should widen
the field of space exploration for private entities and individuals through competition. The
competition is limited in time but its results are anticipated to provide a basis for a sound
strategy to enable long-term effects and benefits for humankind. To create a world-wide
involvement in space exploration an interdisciplinary analysis in engineering, business, law,
philosophy, outreach and other aspects had to be performed.
Thirty smart and motivated individualists from nineteen different countries and five
continents with quite diverse backgrounds and who were supported by experts from all
around the world took the challenge and formed Team Noumenia - a truly interdisciplinary,
intercultural and international experience. The team project was part of the 2008
International Space University (ISU) Space Studies Program (SSP) which was held during
July and August in Barcelona, Catalunya, Spain, at the Universitat Politècnica de Catalunya.
We, the TP faculty, had the pleasure and honor to work, to suffer, to celebrate and finally to
succeed with such an outstanding, intelligent and dedicated team. We highly commend the
team members and their report and especially its recommendations to the identified
stakeholders, as well as to all who are interested in lunar exploration.
We are still at the beginning of our journey, still standing on the quay of our only harbor,
Earth, looking outwards and trying to witness the tiny simple ships, our space probes, leaving
to far targets to uncover the unexplored. We wish all the best to the team members on their
personal journey to the undiscovered places in their lives on Earth and maybe in space.
"Never doubt that a small group of thoughtful committed citizens can change the world. Indeed, that's the only
thing that ever has."
- Margaret Mead (American anthropologist, 1901-1978)
Barcelona, Catalunya, Spain, Summer 2008
René Laufer
TP Chair
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________________________________ Student Preface

In recent years there has been a renewed and worldwide interest in the Moon and its
exploration. Various nations have already sent or are planning to send robotic missions to
the Moon. Human missions to the Moon are also on the horizon.
On September 13, 2007, the X PRIZE Foundation and Google Inc. announced the Google
Lunar X PRIZE (GLXP), which was developed as an international, privately funded
competition with the objective to win a robotic race to the Moon.
Our team has taken the challenge to build on the GLXP competition to ensure that the
current momentum of returning to the Moon is not seen as a single event, but as a new era
of space exploration. Our report, Noumenia (ancient Greek for new Moon), contains a set of
recommendations that we hope will maximize the long-term benefit from the GLXP by
creating a worldwide involvement in the competition. We envisage that these
recommendations will broaden humanity’s perspective and enable a new era of socially
responsible, sustainable, and intercultural lunar exploration. This will ensure that humanity
benefits from this endeavor, and foster the concept that space is an inherent part of people’s
lives.
The scope of our project reflects the interdisciplinary nature of the International Space
University (ISU), covering space sciences, engineering, policy and law, business and
management, and ethics and society. The Noumenia team was composed of thirty members
from nineteen different countries with diverse academic backgrounds. While managing such
a large and diverse group was a challenge, working with people from all over the world was a
wonderful experience. Each member was able to make a unique contribution through his or
her different cultural and academic background. In hindsight, it is clear that this had the
effect of enriching not only the project itself, but also the individuals in it.
We would like to acknowledge all of the people who helped us make this report a reality.
Many thanks to our Chair René Laufer and Teaching Associate Lauren Fletcher, the ISU
Faculty and staff, and all the people who made this possible.

The Noumenia Team
ISU, SSP 2008
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______________________________________Chapter 1

1 Introduction

Noumenia — a name originating from Ancient Greek, denotes the festival of the new Moon.
Noumenia was an important event to the Greeks, signifying both “the end and the
beginning of things.” Other civilizations placed great emphasis on the Moon, in legends and
mythologies that have inspired and awed. Our own civilization looked up in wonder when
the first humans walked upon it. Since then, interest in the Moon has waned.
Humanity is at the dawn of a New Moon.
The long silence since the race to the Moon has ended, and human missions are once again
on the agenda of various national space agencies. It is therefore no surprise that the X
PRIZE Foundation (XPF) has chosen the Moon as the destination of the world’s first
privately funded space exploration mission competition, the Google Lunar X PRIZE
(GLXP).
The effects of the GLXP will not end with the landing of robots on the Moon, and the
roving of 500 meters over the lunar surface. Regardless of the outcome of the GLXP, this
historic event will generate ripple effects felt in various areas of human society for years to
come. The tracks left behind in this truly global activity, one that involves the creative
participation and collective ingenuity of private individuals from all over the world, will leave
as deep an impression on human society as did Neil Armstrong’s footsteps.
A new era in the exploration and utilization of space is before us.
Who stands to benefit from this historic endeavor in space activities, and what are the
obstacles along the way? How do we ensure that this and future space activities enjoy the
participation of all of humanity, regardless of where they live, and regardless of their spacefaring capability? How can we pursue space activities to be a truly international effort,
socially responsible and sustainable? These and other issues will form the basis of the analysis
and recommendations below.
It is not our objective to take part as a team in the GLXP. Instead, as a team project of the
International Space University’s 2008 Space Studies Program, we have analyzed how the
GLXP will usher in changes in the fields of science and technology, and we reviewed the
legal considerations and business implications of the competition. We considered how the
competition will create prospective benefits for increased and effective global education and
outreach. We — a group of some 30 members from 19 different countries with diverse
professional and academic backgrounds — hope the pages that follow will have a profound
impact on the thinking and planning of key players in the space sector.
It is our firm belief that the GLXP holds great potential to fulfill ISU’s mission to improve
the lives of people throughout the world and to advance humanity's voyage into space. This
coincides with our vision that one day all of humanity will view space as an inherent part of
people’s lives, and appreciate the many benefits that space activities bring.
A new phase of the Moon is about to begin…
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1.1 Defining the Google Lunar X PRIZE
On September 13, 2007 the X PRIZE Foundation and Google Inc. announced the Google
Lunar X PRIZE, a privately funded, international, robotic race to the Moon. To win the
prize, a team must safely land a robot on the surface of the Moon, travel 500 meters over the
lunar surface, and send images, videos and data back to the Earth. Additionally, the team
must be at least 90% privately funded. The first team to land on the Moon and complete the
mission objectives will be awarded $20 million (M). The second team to succeed will be
awarded $5M. Another $5M is available to be won in bonus prizes. The full first prize is
available until December 31, 2012.
The X PRIZE is based on the idea of the famous 1919 Orteig Prize that rewarded the first
non-stop flight between New York and Paris. Like other aviation awards, the X PRIZE
program was conceived and designed to foster developments and breakthroughs through
competition. The XPF has already succeeded in pushing back the boundaries of human
spaceflight through the successful Ansari X PRIZE, the first step in private human
spaceflight.
At the time of this report, 12 teams have registered for the competition.

1.2 Mission and Vision Statements
The Noumenia Mission Statement captures what the team has set out to achieve. It is our
objective to:
Develop a set of recommendations that will initiate new involvement in
lunar development and maximize stakeholders’ benefit from the GLXP, by
creating global activity in the competition and beyond.
A number of stakeholders stand to gain directly or indirectly from the GLXP and its
outcomes. Private enterprises may wish to prove how entrepreneurial spirit and resources can
change the way space missions are planned, developed and conducted. National space
agencies may have an interest in acquiring technologies developed by GLXP participants to
streamline costly public space projects. The United Nations Committee on the Peaceful Uses
of Outer Space (UNCOPUOS) may be concerned whether activities in outer space and on
the Moon are conducted under the existing international legal framework. To address and
highlight these and other issues, a number of recommendations based on challenges, existing
or predicted and related to the GLXP, will be made. The Mission Statement will ensure that
the scope and focus of the report is continually relevant.
The Noumenia Vision Statement clearly relates to the Mission Statement described above
and outlines the future we prefer to imagine, based on our analysis. Thus,
We envisage that these recommendations will broaden humanity’s
perspective and enable a new era of socially responsible, sustainable, and
intercultural lunar exploration. This will not only ensure that humanity
benefits from this endeavor, but will also foster the concept that space is an
inherent part of people’s lives.
A future where access to and benefit from space and lunar activities becomes an inherent
right — instead of the privilege of a few space-faring nations as is currently the case — is
Noumenia’s ultimate vision. In the process of making the potentials of space universally
understood and accessible, space endeavors should be undertaken for the sake of both
present and future generations. A number of guiding principles are therefore crucial. The
future of space activities must depart from any historical experience on Earth. These have all
too often been marred by selfish greed, wanton destruction, ad hoc developments, and driven
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by the desire to “claim and tame” whatever land and resources explorers encounter. This is
not acceptable in the future exploration and utilization of outer space and celestial bodies.
Instead, space activities should be a combined effort under the scrutiny and direction of
interested parties throughout the world. Space activities should not be one-off adventures to
prove the technological achievements of the one or a few with the capability to do so.
Rather, activities should be planned, coordinated, and whenever possible involve the
participation of a wide variety of public and private, commercial and non-commercial
entities from across the world. There must be consideration for the long-term future and
recognition that outer space is a ‘common of mankind’. Sustainability implies that space
activities be economically self-sufficient. This means that space activities should become an
industry that can drive its own development and finance itself. The protection of the
environment and regard for the benefit and use of succeeding generations should be borne
in mind. Only then can the whole of humanity benefit from a truly universal phenomenon.
Despite the international nature of the GLXP, there are problems in engaging much of the
world. Many people have little or no access to the technologies and resources needed to be
informed about this world event, let alone be a part of it. Noumenia believes potential future
developments on the Moon, such as the prospect of lunar in-situ resource utilization, MoonEarth communication systems and long-term settlement, will transform the way humanity
perceives itself, and the way countries and peoples interact. To avoid a great ‘space divide’
occurring between different nations and cultures, extensive education and outreach programs
should be in place to ensure the creation of a truly global activity. Examples of initiatives for
new involvement in space include outreach programs that target youth and the ‘Diversity
Rover Project’ – an innovative method to help the GLXP become a global event.
Values for Space and Lunar Exploration
In 1714, the British government offered awards to individuals able to devise a simple method
for the determination of the longitude. The prize money was substantial, but the innovative
outcomes from private individuals managed to forever revolutionize the navigation of the
seas. For centuries, Britain maintained its naval prowess and the results of the Longitude
Prize are still being felt and used.
Noumenia believes that the GLXP too can have a similar, if not even more extraordinary,
impact on human society and history. This unique prize competition is a result of the XPF’s
belief that the synergy between “public interest, entrepreneurial spirit and cross-disciplinary
innovation” can generate radical outcomes that will transform the way in which individuals
think, work, and bring benefits to humanity [X PRIZE Foundation, 2008b]. Furthermore,
with the sponsorship of the world’s primary Internet search engine, the GLXP is also infused
with Google’s mission to “organize the world's information and make it universally
accessible and useful” [Google Lunar X PRIZE, 2008a]. With “Don’t be evil” as their
informal corporate slogan, Google has further made it a priority to conduct business using
the “highest possible standards of ethical business conduct” [Google Lunar X PRIZE,
2008b].
Noumenia’s vision of the potentials and outcomes of the GLXP coincide largely with the
values described above. The new era of space exploration and utilization must be grounded
in the active involvement of all of humanity and only innovative and cooperative energies of
individuals around the world can achieve this. Furthermore, space must no longer be a
distant dream, but must gradually become universally accessible and beneficial. It will take an
innovative and engaging event, such as the GLXP, to prove the age-old human dream to
“reach for the stars” can be a reality for the common person.
The GLXP will set a precedent for the future of space activities. Therefore any attempt at a
lunar launch will be under the scrutiny of present and future generations. Actions today will
have short and long-term consequences to future human ventures in outer space. It is
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Noumenia’s desire that space can one day be the ultimate frontier of humankind, where the
common values of peace, unity, cooperation and principled action become the guiding forces
in space travel and in people’s lives.
It is the Noumenia vision that the exploration and utilization of outer space in general, and
of the Moon in particular, be conducted under conditions that have been enshrined in
numerous international space treaties, and repeatedly affirmed. These include the principles
that space is:
1. The “province of all mankind” and not subject to appropriation by any State, entity
or individual [OST, Art. 1 and 2],
2. Used for exclusively peaceful purposes [OST, Art. IV],
3. Used for the benefit and in the interest of all States, taking into account the needs of
Developing Countries [GA Res. 51/122].
Under this legal framework, the future of lunar and space activities can contribute to social,
educational and scientific developments, and better standards of living for all in greater
freedom [UN Charter, 1945].
A multidisciplinary framework of thinking and working is essential in today’s global
environment, in which borders between countries and ideas are increasingly being blurred.
An international and multicultural approach will ensure that the philosophies, concerns and
values of peoples from different countries and backgrounds are respected and advanced.
Only then, can the exchange of ideas and experiences result in groundbreaking initiatives that
will revolutionize human history.

1.3 Stakeholder Matrix and Analysis
The main objective of this report is to provide a set of multidisciplinary recommendations to
targeted stakeholders to maximize the long-term benefit from the GLXP competition.
A concern to whom? Analyzing the stakeholders of the GLXP.
As with any other large-scale and influential project, there are a series of stakeholders who
will be interested in the effects of the project. The GLXP is no different. With the
aforementioned Mission, Vision and Value Statements in mind, an analysis was undertaken
to identify parties with an interest in the GLXP, and the opportunities and challenges that
result from it. The following stakeholders were identified to have a significant interest in the
outcome of the GLXP:
X PRIZE Foundation – As the organizer of the competition, the Foundation has a vested
interest in the long-term commercial development of the Moon. As well, “the mission of the
X PRIZE Foundation is to bring about radical breakthroughs for the benefit of humanity
[…] by creating and managing prizes that drive innovators to solve some of the greatest
challenges facing the world today” [X PRIZE Foundation, 2008a].
X PRIZE Participants – These are the competitors seeking to win the prize purse. There are
12 official teams [X PRIZE Foundation, 2008a], and at least 9 that are ‘unofficial’ (White
Label Space, 2008). It is likely that more will enter, and some will exit, as the event matures.
It is also possible that some of the teams will merge or combine forces [Spear, 2008].
Space Agencies – Space agencies represent the space science goals and the political will of
their respective nations or a collection of nations. There are 19 large to mid-sized programs
and approximately 35 smaller national space programs.
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Foundations (Scientific and Environmental) – This stakeholder represents the many different
scientific and environmental programs throughout the world. It is important that scientific
foundations be aware of the GLXP’s possible impact, though each foundation must
determine its own response to the competition. Likewise, environmental foundations must
be aware of the physical impact that GLXP teams will cause on the Moon and of future
environmental issues of the Earth-Moon-space system.
Academia – Academia represents the many formal institutions that are engaged in seeking
new knowledge and transferring that knowledge to the next generation.
Mass Media – This stakeholder has the task of “telling the story”. As progress/catastrophe
happens along the way toward winning the competition, the media will report what is
happening (or not) and will guide us as the story unfolds. Their role appears to be passive,
but is in fact a necessary precursor if the Noumenia Mission is to succeed.
United Nations Committee on the Peaceful Uses of Outer Space (UNCOPUOS) – This is
the committee that reviews “[...] the scope of international cooperation in peaceful uses of
outer space [...]”, devises “[...] programs in this field to be undertaken under United Nations
auspices [...]”, encourages “[...] continued research and the dissemination of information on
outer space matters [...]” and studies “[...] legal problems arising from the exploration of
outer space” [UNCOPUOS, 1999].
Commercial Space Sector – Those companies that produce, manufacture, support, or
operate “any good, service, facility, vehicle, or piece of equipment in space, or for the testing
of space-related technology” [Wiki, 2008].
Although Google is the sponsor, it is not a long-term stakeholder in the success of
commercial missions to the Moon. While expansion of new information and ease of access
to all information is the central tenet of Google, lunar exploration specifically is not core to
their business.
What concerns? The issues and challenges of the GLXP.
Each of the various stakeholders has different concerns. A national space agency may pay
attention to a broad array of policy, scientific and business issues, while a scientific
foundation may be interested only in the scientific results that flow from the GLXP. Thus a
core number of subject matters have been selected that are likely to be affected by the GLXP
competition. These issues include social and outreach matters, costs and benefits, insurance
and liability, as well the need for global involvement and engagement.
Pairing up stakeholders and issues: The Stakeholder Matrix
The Stakeholder Matrix combines the identified parties with their potential concerns. The
horizontal axis lists the stakeholders that have been identified to have a major interest in the
GLXP and its outcomes. The vertical axis displays the issues and subject matter that may
concern the various stakeholders. Read together, it is possible to determine what issues are of
greatest interest to which stakeholder.
Global outreach initiative: a worldwide survey
To aid in the identification of the potential stakeholders and associated interests in the
GLXP, it was essential to encourage an international and cross-disciplinary approach. An
online survey polled what people think about the future of space exploration and use. This
effort fulfils Noumenia’s mission to actively engage and involve the general public.
Participants in the survey could select what subject matter areas correspond directly to the
interest of a particular stakeholder. These participants included senior officials from space
agencies, astronauts, space industry professionals, academics and students. The results of the
survey helped shape the content of the final report and ensured that the recommendations
remained relevant and applicable. The results of the Stakeholder Matrix appear in Table 1.1.
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Table 1.1 – The Stakeholder Matrix

In addition to the Stakeholder Matrix, many of the respondents also submitted comments.
These comments have been included in Appendix D.
Project Requirements
The scope of the report was largely driven by the project requirements as stated in the ISU
SSP08 Program Handbook. The Requirements Compliance Matrix below (Table 1.2) clearly
demonstrates that all project requirements are addressed in the report. As well,
recommendations provided by the ISU SSP 08 Internal Review Board, external advisors, and
team members have also shaped the direction and focus of the final report.
Table 1.2 – Requirements Compliance Matrix

Project Requirements
1- Assess the technical and non-technical challenges the GLXP teams
and organizers face.
2- Determine how Space Agencies or other governmental institutions
can benefit from the competition and how to create a X PRIZE friendly
environment.
3- Examine and analyze possible spin-offs, follow-ups and side effects of
the competition in different areas (e.g. policy and law, marketing,
alternative launch vehicles, commercial exploration, infrastructure,
educational and public outreach).
4- Examine and analyze additional justifications and motivations, as well
as potential supportive areas (science, exploration, technology
development, etc) to foster participation, especially from non-traditional
space-faring countries, in order to create a true international activity.
5- Develop a long-term strategy with benefits and enabling effects for
the space arena and the society beyond the competition and its duration.

Compliance
Chapters 4, 6 and 7
Chapters 3, 4, 5, 6, 7, 8
and 9
Chapters 4, 6, 7 and 8

Chapters 2, 4, 8 and 9

Chapters 3, 4, 5 and 9

Timeframe
The recommendations in the report are categorized based on a timeline index as follows:
Immediate: Now until the contest is won
Short-term: When the contest is won until 2014, the end of the contest.
Intermediate: 2014 to 2025, the end of the space agencies’ long term lunar visions
Long-Term: From 2025 to 2050
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2 Philosophy

2.1 A Renewed Interest in the Moon
The human race is witnessing the beginning of a new phase of lunar exploration and
development. For the first time in thirty years, space agencies are creating new programs to
explore our natural satellite to be executed within the next twenty years. In January 2004, the
U.S. President, announced a new Vision for Space Exploration program on human
exploration of the Solar System. NASA, in May of 2008, also announced plans to spearhead
the International Lunar Network (ILN), a coordination of the international effort to place
scientific nodes on the Moon [NASA, 2008]. The Chinese lunar exploration program,
consisting of robotic and manned missions, is currently defined by three milestones: orbiting
the Moon (accomplished with the Chang'e-1 mission), landing on the lunar surface and
finally a sample return [CNSA, 2007]. In 1994, the Space Activities Commission of Japan
developed a long-term vision for going to the Moon, the result of which is the Selene
project, which includes one orbiter (Selene 1) currently orbiting the Moon, and a second
orbiter (Selene 2) in proposal phase [JAXA, 2008]. In September 2008, the Chandrayaan-1
lunar mission will be launched from India, and a second mission is currently in the planning
phase. These programs indicate long-term interest in the Moon [Earthtimes, 2008] and
demonstrate that this decade signals the beginning of a new era of scientific advances in the
exploration of humankind’s closest celestial body.
In such a climate, it is no surprise that The Planetary Society designated this decade as the
International Lunar Decade. It is hoped that this pronouncement, like those of the
International Geophysical Year (1957-58) and the International Space Year (1992), will also
spark great strides in space exploration.

2.2 Why is the Google Lunar X PRIZE the First Step in a
New Era of Global Cooperative Exploration?
The GLXP has singled out the Moon as the destination to initiate a new era in space
exploration. The XPF’s mission is to bring benefits to humankind through initiatives like this
competition. Historical experience has shown that similar prize incentives have helped entice
private ingenuity and entrepreneurship that otherwise would never have been discovered, let
alone fully exploited. Examples like the Longitude Prize or the Orteig Prize have radically
changed the way people travel, live and work. Similarly, the GLXP is expected to transform
the way people approach space activities by infusing new energy and ideas from the private
sector.
Traditionally, space activities have been the preserve of publicly-funded missions conducted
under the constant scrutiny of public opinion. Private entrepreneurship is often driven by the
search for commercial opportunities allowing much room for experimentation and possible
breakthroughs. The making of the steam engine, the invention of the telephone, and the
rapid expansion of the Internet have all been tangible outcomes flowing from private
enterprise. Similarly, the GLXP presents the world with a challenging situation that will
stimulate private individuals to think beyond traditional parameters. What potentials are
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there in improving launch capability? What revolutionary ways of inter-space communication
are there? How will private enterprise try to bypass problems such as the restrictions on
technology transfer? What innovative ways of international partnership will result from a
competition that rewards diversity? The answers to these questions will signal a paradigm
shift in the conduct of space activities in the present and near future.
Moon 2.0, the alternative name for the GLXP competition, will start a new period of space
exploration. It will not be lead by government space agencies, but instead is an initiative that
comes from the private space sector. It will require both political will and public support
from around the world, and this can be done by "rekindling international excitement for the
permanent human return to the Moon" [Strong 2003].

2.3 What is Valuable up There?
Recent reconnaissance missions have revealed evidence of water resources and valuable
minerals in the lunar regolith [Space Resources Roundtable, 2001 and 2004; Sanders and
Duke et al. 2005]. The potential in-situ utilization of the Moon and its resources will certainly
generate benefits to the whole of human kind by creating an entirely new industrial base and
generating entrepreneurial opportunities. The Moon may also serve as a solution to Earth’s
thirst for energy. Indeed two of the suggested solutions to provide clean energy to humanity
are space solar stations and fusion. These two solutions may be implemented on Moonbased facilities. Space solar stations on the Moon would require less energy to transport them
outside of the gravity well of the Moon. Fusion-based energy production may benefit from
the huge quantities of Helium-3 present on the Moon.
Not only can the Moon help humanity’s future, it also serves as a window into the past. The
Moon is like our planet’s “childhood attic, a rich repository of what the early terrestrial
geology might have promised prior to the advent of life” here on Earth [Foing 2005]. The
composition of our natural satellite and its geological history could give us important clues
on the origin and formation of our planet. The Moon can also serve as an astronomical
observatory free from atmospheric interference or magnetic distortions [Lowman and Lester
2006], which will allow humanity to look at the possible origins of the universe itself.
Renewed interest in the Moon, and a return to it, will fill the gaps in our knowledge and
demonstrate technological advances. The relative proximity of the Moon makes it an ideal
testing ground for the technology needed for long-duration habitation on other planetary
surfaces. The continued fascination and interest in exploring the Moon will serve “as a
catalyst for future human missions”, and as a stepping stone expanding human presence
further in the Solar System [ILEWG, 2003]. Taken together, the Moon can serve as a
springboard for the human race to leave our home planet and settle elsewhere.

2.4 Private Enterprise
The GLXP has the potential to revolutionize the way space activities are funded and
conducted. The GLXP is paving the way to demonstrate that technological developments
will provide cost-efficient means for private space companies to operate on the surface. The
crucial issue, however, will be to use these capabilities with responsibility. A private company
usually responds to its shareholders in terms of benefits, but not in terms of ethics. We will
need laws and ethics concerning activities on the Moon.
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2.5 Long-term Survival of Mankind
In the long run, mankind is endangered by many global threats like viruses, asteroid impacts,
climate change, etc. that could wipe out humanity from the surface of the Earth [Petnarek,
2007]. All these threats may have individual solutions. A possible solution that pertains to all
of them is not to rely on a single planet. Therefore, becoming a real space-faring species
would protect us from possible catastrophic disasters [CNN, 2007]. The goal of freeing
humanity from its reliance on planet Earth for survival needs to be pursued by concrete
actions to expand our capabilities of extraterrestrial exploration. The GLXP is such an
initiative. It encourages private initiatives in exploration outside of Earth’s orbit and initiates
major private capabilities.

2.6 Children's Vision
The 6,000 student’s responses to the Kids to Space survey revealed that most of them see
space as risky but as an inevitable adventure for mankind. [Krone, 2006] They are convinced
space is not the final frontier, but the beginning of a journey leading us to amazing
discoveries that will benefit all of humanity. They see space as a way to solve our Earth's
problems. In this sense, the GLXP meets the expectations of the young generation by trying
to expand our capabilities in exploring Earth’s closest neighbor, the Moon. Armstrong’s
footprint not only left an imprint on humanity’s ability to realize ambitions, but also left an
imprint on the lives of the young people who went on to study sciences, engineering and
mathematics that influenced society’s growth and direction. Renewed achievements on the
Moon will similarly inspire the young.
The GLXP should ensure that a well-strategized outreach plan is adopted in order to
connect to all interested stakeholders and to build new support in communities not reached
by traditional outreach programs. Inspiring people with the achievements and current
challenges of space activities is the most important mechanism to ensure the long-term
viability of space exploration.
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______________________________________Chapter 3

3 Lessons Learned

3.1 The Value of Understanding Lessons Learned
Space travel is still a relatively new activity in human experience. Because of its high cost,
risk, and uniqueness, almost all missions of space exploration have been conducted by a
small number of nations. These missions have resulted in numerous successes, but have also
experienced mission and subsystem failures. The lessons learned from these missions can
provide a wealth of knowledge to the Google Lunar X PRIZE (GLXP) participants,
commercial space ventures, and emerging space nations in future space missions. To make
best use of them, the lessons must be carefully examined.
Three key questions discussed in this section are:
•

Are the project managers of future space exploration missions aware of the value of
the lessons learned obtained from past missions?

•

Will GLXP participants have resources dedicated to analyzing and incorporating
lessons learned?

•

Are the GLXP participants willing to apply these lessons to increase the success of
their mission?

Some observations and insights related to these questions are presented in the following
sections.

3.2 Risk Methodology and Analysis
The National Aeronautics and Space Administration (NASA), the Russian Space Agency
(ROSCOSMOS), the European Space Agency (ESA), the Japan Aerospace Exploration
Agency (JAXA), and the Chinese National Space Agency (CNSA) have together designed
over 200 missions that have explored the Moon, the planets and the solar system [Williams,
2007]. A significant number of these missions have resulted in partial or even complete
failure. Most of the past mission failures were due to technical issues, lack of experience, and
limited data about the real mission environment, such as the atmosphere or physical
structure of the Moon, planet or solar system body. Even with better technology and
experience, failures continue to occur.
To help make future missions successful, project managers must use experience gained from
past failures. Insights from these lessons learned are detailed and valuable sources of
knowledge that can have a tremendous impact on the design of future space missions.
GLXP competitors, as well as future private space exploration initiatives, should allocate
resources to take advantage of these lessons.
Most previous space exploration missions have been supported and conducted by national
space agencies, funded through government budgets. Smaller space mission groups like the
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GLXP participant teams have started to plan exploration missions, but these groups do not
have the same financial resources so may encounter challenges in securing funding.
Therefore, a very cost-effective methodology must be pursued for these missions. If GLXP
teams are familiar with the experience recorded by previous missions, they can better plan
their projects.
Space agencies and mission designers recently have been more open about discussing failures
and lessons learned. The current philosophy is that there should be no justified reason for
repeating similar mistakes from past missions of space exploration due to unfamiliarity with
or unawareness of those events. Therefore, mission lessons learned are commonly published
in publically available reports, books, and other sources.
Two former and one current NASA space exploration project managers, were interviewed
regarding the benefits of researching and applying lessons learned. The two key benefits are
summarized below:
1.

Applying lessons learned can save time and money
Anthony Spear, from the NASA Mars Pathfinder, Mariner, Viking, and Magellan
programs, highlights the difficulty of space exploration and emphasizes the relevance of
the lessons learned from space programs as opportunities to avoid repeating mistakes
[Spear, 2008]:
"[...] we have a vast amount of information to help us not repeat the same failures over
again – while also making project implementation more efficient and effective.”

Lesson Learned: Efficiency means time and humans resource savings for the competitor.
This can be also be verified on Mr. Spear’s [2008] statement about using lessons learned
to gain significant advantages by performing tests of flight hardware early in the test bed
phase, rather than waiting to test these subsystems after the spacecraft has been
integrated.
"On the Magellan Venus Surface Radar Mapping mission, I learned that testing in a test
bed facilitates spacecraft integration and test. Problems are found earlier, reducing time
lost for later repair in the critical stages of launch preparation."
Lesson Learned: Proper planning and early testing will reduce time and related costs.
2.

Applying lessons learned can increase mission success
Dr. Ramon De Paula, project manager of NASA’s Phoenix Mars mission also has
comments about the relevance of lessons learned [De Paula, 2008]:
"For the Phoenix Mission to Mars we have been using lessons learned from previous
projects in many ways. For example they surely help us to better understand the landing
procedures."

Lesson Learned: Reviewing lessons learned increases the probability for mission success.
Mr. James Burke, former NASA Ranger project manager, was also asked about his
thoughts on the importance of lessons learned for space exploration. He gave an
example where lessons learned were not followed to the detriment of the mission
[Burke, 2008]:
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“From the beginning of our lunar and planetary work at JPL, we had a policy that
whenever it was physically possible to have telemetry we would have it […] we insisted
that the spacecraft transmitter be on and the ground receiver be listening all the time.
On Mars Observer (MO) this policy was abandoned. The spacecraft’s transmitter was
commanded off because of possible damage due to pyro shock. As a result we will
never know what really happened to MO. The always-on policy has now been
reinstated.”
Lesson Learned: Do not change procedures that have been proven to be successful in past
missions.
From a brief survey, samples of lessons learned from past space exploration programs could
be collected. It was found that there are a very large number of available sources for lessons
learned, but for the purpose of this report, the team will highlight examples and provide
recommendations of how teams can benefit from them. The examples presented have been
divided into the following themes:
•
•
•
•
•

Mission Philosophy
Technical
Planning
Cost
Management

The main goal of this section is to provide examples of lessons learned to highlight the value
of examining past missions. It is hoped that these examples will encourage the GLXP teams
and other groups undergoing space exploration projects to perform comprehensive research
in this area, to take full advantage of the benefits of these lessons, and to therefore make
good use of the recorded lessons for the success of the mission.

3.2.1 Mission Philosophy
Mars Climate Orbiter and Mars Polar Lander
These spacecraft were launched in 1998 and 1999 respectively, but both were lost in
space. These missions occurred during NASA’s ‘Faster, Better, Cheaper’ era. This
philosophy was proposed as a way of reducing mission costs while increasing
scientific results through more efficient operation and design processes. An analysis
of these mission failures determined that in order to meet the stringent requirements
on cost and schedule, lessons learned were not incorporated. This may have
contributed to the mission failures [NASA, 2002]:
“NASA investigations of these failures, as well as its review of other programs,
raised concern that lessons from past experiences were not being applied to current
programs and projects […]”
Lesson Learned: Lessons from previous missions should be examined and implemented to
ensure that the relevance of past experience is not underestimated for mission success.
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3.2.2 Technical
Mars Pathfinder
Mars Pathfinder was a successful mission that experienced significant technical
difficulties attributed to the thermal design of the rover [Novak, 2005]:
“Testing hardware at qualification temperature limits having significant margin
beyond AFT limits is extremely important […] A great deal of effort was expended
by the flight operations thermal team to produce and maintain temperature
prediction tools necessary to seed the on-board current limiting software thermal
model with temperature predicts simply because flight telemetry was not available.”
Lesson Learned: Investment in skilled personnel and analysis tools will contribute to the
success of the mission.

Mars Pathfinder and Phoenix Missions
The NASA Phoenix mission to Mars is currently making good use of the lessons
learned from the technical experience provided by previous Mars landers related to
environmental testing of spacecraft [NASA, 2005]:
“Using the lessons learned from the Mars Polar Lander (MPL) and Mars Surveyor
Program 2001 (MSP ’01) experiences, the Phoenix mission engineering team is
working on developing enhanced spacecraft reliability through extensive testing, (i.e.
beyond normal integration and environment testing that occurs for all missions).”
Lesson Learned: Comprehensive testing increases reliability, which increases chances of
success.

Beagle 2
Beagle 2 was a British lander as part of ESA’s 2003 Mars Express mission, but failed
during landing. An inquiry board examined the program and presented a series of
recommendations [ESA, 2004a]:
“Future planetary entry missions should include a minimum telemetry of critical
performance measurements and spacecraft health status during mission critical
phases such as entry and descent […] (a) robust communications system should be
used, allowing direct commanding of the lander for essential actuations and resets
without software involvement – enabling recoveries in catastrophic situations […]
Adequate and realistic deployment tests should be performed…”
Lesson Learned: Sufficient real-time telemetry data during all mission phases is critical to
ensure that correct operational decisions can be made to support trouble-shooting and
failure analyses.

3.2.3 Planning
Clementine Probe
The Clementine Probe was a joint space project between the Ballistic Missile
Defense Organization and NASA. This mission had the objectives of testing
sensors and spacecraft components under extended space environment exposure
and making observations of the Moon [COMPLEX, 1997]:
“Another lesson to be drawn is […] that significant scientific information can be
gathered during a technology-demonstration mission. In the current era of limited
funds, when science missions will be infrequent, the opportunity to fly scientific
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instruments aboard missions whose objectives might be other than science must be
seized and, indeed, encouraged.”
Lesson Learned: Leveraging technology demonstrations with the gathering of scientific
data can result in future pay-offs of mission investments.

3.2.4 Cost
Dawn Discovery Mission
The Dawn Discovery Mission identified lessons regarding the difficulties of
predicting the real cost of missions. It showed that this cost is usually dependent on
the selection of the reserves, and on the schedule and management style of the
mission: [Fraschetti, 2005]:
“While technical problems are known early, the types of problems that consume
reserves are more often the timely availability of people, tools, and facilities, and/or
poor management of the cost account.”
“Low cost missions, especially low cost planetary missions, are as difficult and
maybe more difficult to successfully execute than ‘strategic’ missions. Project teams
are thin due to a limitation of funding. […] There is neither time nor money to
recover from a bad decision.”
Lesson Learned: Availability of personnel and good cost management will reduce overall
mission cost.

3.2.5 Management
Dawn Discovery Mission
There are key lessons related to risk and schedule planning from the NASA-JPL
Dawn Discovery Mission to Vesta and Ceres. The relationship between project risks
and the cost of mitigating them must be carefully analyzed [Fraschetti, 2005]:
“Risk management is a powerful tool for decision making on a project. […] A very
simple test for all decisions is to ask what are the cost, schedule, and mission success
risks if it is not implemented. […] It is very easy to lose sight of a significant risk
when you are in the heart of the implementation phase. If mitigations are not
pursued early in development, they will be very costly to implement later.”
Lesson Learned: Proper risk management significantly increases the probability of mission
success.
Another lesson from these missions is the importance of allocating reserves in the
schedule and properly accounting for the related cost of these reserves [Fraschetti,
2005]:
“Adequate schedule reserves must be in the mission plan, and the costs included for
them. […] All of the schedule reserves will be spent and it will be spent at the peak
burn rate. If it is not put into the cost estimate, it will become a real lien against the
cost.”
Lesson Learned: Margins on a project schedule should be linked with related cost impacts.

15

Lessons Learned

3.3 Recommendations
Recommendation #1 (Stakeholder: X PRIZE Participants, Timeframe: immediate):
The X PRIZE Participants should carefully analyze the possible effects of
cutting cost and/or undertaking the mission on a tight schedule.
During the GLXP competition limited availability of funding is expected, as well as
timing constraints due to the competition deadline. Competitors may be willing to
accept high risks in return for lower mission costs and shorter schedules. However,
past mission failures have shown that it is important to carefully develop critical
mission systems.
Recommendation #2 (Stakeholder: X PRIZE Participants, Timeframe: immediate):
X PRIZE Participants should pay significant attention to critical subsystems
in the design of the rover.
Space exploration takes place in a harsh environment and the spacecraft design team
must pay significant attention to all critical subsystem designs, such as the thermal
control.
Recommendation #3 (Stakeholder: X PRIZE Participants, Timeframe: immediate):
X PRIZE Participants should carefully balance project schedule, cost, and
risk from the very beginning.
Difficulties are expected to arise from a natural conflict between schedule and cost
requirements, both of which play a significant role in risk management. Past
experience has shown that neglecting one or more of these aspects can significantly
increase the chances of a mission failure.
Recommendation #4 (Stakeholder: X PRIZE Participants, Timeframe: immediate):
X PRIZE Participants should consider including scientific instruments in
their mission design to maximize the benefits of the mission opportunity.
Space missions, particularly missions to the Moon and other planets, are very
expensive opportunities that occur infrequently. GLXP teams should leverage the
lesson learned by space agencies to collect scientific data whenever possible and use
whatever opportunities are available. This leads to the secondary recommendation
of collaboration with scientific organizations to fly payloads for payment.
Recommendation #5 (Stakeholders: X PRIZE Participants, Space Agencies, Private
Space Sector, Timeframe: immediate):
X PRIZE Participants, space agencies, and the private space sector should
allocate resources to properly access and make use of lessons learned when
designing new space exploration missions.
Organizations or teams planning space missions should become familiar with
relevant past experiences, positive or negative, to avoid repeating mistakes. This will
result in higher mission reliability, cost, and time savings, and higher credibility for
future missions. There are a significant number of reliable lessons learned regarding
space exploration publically available from reports, journal and conference papers,
books, the Lessons Learned Information System (LLIS) web- database, and other
sources.
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4 Outreach

4.1 Introduction
The purpose of this chapter is to analyze and recommend outreach initiatives for the X
PRIZE Foundation (XPF) and the Google Lunar X PRIZE (GLXP) teams. These initiatives,
if implemented, will help create public awareness and appreciation during the competition
and beyond. We envision that these initiatives will create a community of observers,
followers and indirect participants of the GLXP competition.
The scope of this chapter is to outline the target audience and analyze different approaches
to gain their interest. The younger generation forms a large part of our target audience, and
they are essential in creating a strong GLXP community. All of these outreach initiatives will
be discussed in light of lessons learned and best practices from similar outreach initiatives,
and from other non-space related fields.

4.2 Outreach Definition
According to the New Oxford American Dictionary [Oxford Dictionary, 2008], outreach is
defined as “the act of reaching out or an effort to bring services or information to people
where they live or spend time”. The dictionary also adds the following statement: “an
organization’s involvement with the community.” The XPF and GLXP teams must be
engaged in outreach activities. They should ensure community engagement, direct
communication with their target groups, and create public awareness towards the
competition. This will ensure that there is continued support and funding for the teams, the
GLXP and for future X PRIZE competitions.
Dick Tizard of Cambridge University was an early pioneer of outreach. He centered his
mission to younger generations, which resulted in the direct increase in the number of
students in Cambridge who traditionally did not have access to schools. He also managed to
prove that outreach must be an essential part of every university [Goldie, 2005]. The idea of
expanding the GLXP outreach is closely connected to the lessons learned from the work of
Dick Tizard because the XPF can use his methodology to increase the effects of the
outreach program.

4.3 Communication Issues
The foundation of an effective outreach program can be found in the scientific discipline of
semiotics. Semiotics, the science of communication, states that there are three main
components in communication: the target, the channel, and the message itself. By
determining the target audience, the XPF can specifically tailor its message to the audience’s
preferences and needs, and transmit it through an appropriate communications medium.
This methodology will allow the organization to gain and sustain the target audience’s
attention.
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GLXP’s outreach efforts must be used to cultivate a long lasting interest in space in the
younger generation. They are the ones who will be the managers and decision makers of the
space programs of the future [Sagan, 2000]. The young generation also has a strong influence
on the older generation through association (family, friends, etc.). Once the outreach
initiative deeply penetrates the youth community, other audiences will also become aware of
it. Figure 4.1 illustrates the way how information flows around a younger generation
environment.

Figure 4.1 – Information Flow across different Youth Organizations.
It is important to take advantage of the network externalities effect. The more nodes in the network
the more powerful the network becomes.

4.4 Communication Gap Analysis
The purpose of the gap analysis is to examine the current outreach situation, and analyze the
strengths and weaknesses of the existing programs [Sagan, 1997; Williams, 2008; European
Studies Alliance, 2008]. This analysis will be followed by a set of recommendations that will
address the most prevalent communication problems.
By analyzing the existing space outreach programs of the largest national space programs the
following best practices became evident:
1. ESA AURORA [ESA, 2008a] Student Competition Program is a good example
of how to reach and inspire students. They managed to create a multi-national
event and gain participation from different universities. The competition final
turned out to be an interesting event that popularized space exploration
programs.
2. NASA had a good outreach program for its Mars Exploration Rovers (MER)
and for the Phoenix Mars Lander. They managed to create a character out of
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each of those spacecrafts, which created an emotional link between the
spacecrafts and the audience. They have used the created character in several
Web 2.0 applications like Twitter, making ‘him’ talk and providing updates from
the mission [Twitter, 2008]. The idea of presenting a rover or other spacecraft as
a living creature improved the outreach effect of the missions [NASA-JPL,
2008; Watanabe, 2008].
3. JAXA created its own Space Education Center (SEC) in 2005 which diffuses
information about JAXA space projects.
The SEC also acts as a
communications hub for the entire agency. A good innovation in JAXA
outreach efforts is the creation of the Space Education Promotion Council
which promotes the agency’s future projects [JAXA, 2006].
4. A good example of a successful outreach program is ‘Spaceward Bound’. It is an
educational endeavor developed at NASA Ames Research Center. The mission
of ‘Spaceward Bound’ is to train the students and their teachers by having them
to participate in the exploration of scientifically interesting but remote and
extreme environments on Earth. Representatives of different ethnical and social
groups participated in the program so the initiative gained the support of the
international community. It is considered as a good example of cooperation on
organizational and international level [Conrad, 2007; Lorentz, 2008].
However, many of these outreach programs have gaps that need to be fixed:
• The target audience and the message to transmit are not clear. This means that
an insufficient number of young people are engaged.
• Space agencies use traditional one-way communication methods that are not
effective with the technologically savvy target audience.
Newsletters’
highlighting new content is not an effective approach. They do not take
advantage of existing youth networks nor the external effect they have.
• The national space agencies’ long-term education and non-education programs
share a common lacuna. These agencies focus on their national interests but do
not take into account the space endeavors of developing countries [Zimmerman,
2003]. One innovative solution to create an international space initiative is
called the ‘Diversity Rover Project’. This project would try to create a friendly
environment for developing nations to participate actively in high-level space
activities. More information on the Diversity Rover Project is given in Appendix
A.
One of the biggest outreach problems of the main space administrations is the lack of
communication with, and the loss of interest of, the target groups. The use of inappropriate
channels to reach the different target group, specifically one-way communication, is not
appreciated by the younger generation [Zimmerman, 2008].
New initiatives, channels and messages are needed for transmitting the vision of the GLXP
to the audience. The recommendations section will provide some suggestions on how to
address those issues. The following section will examine and analyze the lessons learned
from different successful endeavors.

4.5 Bridging the Gaps with Good Practices
Peter Diamandis, CEO of the X PRIZE Foundation, implemented a successful outreach
model by creating a rocket contest with an egg as payload for middle-school children named
the “Eggs PRIZE” [X PRIZE Foundation, 2008b]. This very popular program showed the
great effect that the direct engagement has on the target group. Moreover, ESA has also
announced an opportunity for universities and undergraduate students to participate in a
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lunar rover competition; this proves that mini competitions are gaining momentum
[European Space Agency, 2008b].
Web 2.0 technologies are the actual trend of the Internet. According to Gartner Consulting
Hype Curve [Garner Consulting, 2008], the 2.0 technologies are on the “peak of inflated
expectations”. According to Hinchcliffe.org, Web 2.0 Internet traffic is increasing daily
[Hinchcliffe.org, 2008]. All Web 2.0 techniques such as blogs, video streaming and posted
information on wiki pages can increase the creativity and the collaboration between the XPF,
the GLXP teams and the general public. Internet 2.0 technologies are considered one of the
most powerful channels of communication with youth. Mathematical models, such as “the
network effect” can be applied to determine the potential of the network. These models can
calculate the effectiveness of the network, and evaluate the impact on the target group many
examples can be found at Web 2.0 Journal (http://web2.sys-con.com/). The GLXP and
other involved organizations should use those channels to successfully transmit their
messages. Some good examples of the best Web 2.0 applications and networks are the
following: Webware Best 2.0 application 2008 awards, social book marking site
(del.icio.us.com), starter pages (netvibes.com), Peer production News (digg.com), social
networks (facebook.com), Social Media Sharing (youtube.com), and many other sites
[CNET, 2008].
An excellent example of a dynamic 2.0 webpage that is on the Formula One Racing
Competition. The official webpage provides synthesized messages transmitted
simultaneously across different channels towards the target group and gives the viewer the
real sensation of a racing competition.
Some of the most successful long-term strategies have been used in the video game industry.
Companies such as Blizzard Entertainment have moved away from the traditional
unidirectional dissemination of ideas to a modern two-way communication process. In this
new model, outreach becomes a conversation with the target audience. In the marketing
strategies of gamming industries the X PRIZE, GLXP teams and other stakeholders could
learn valuable techniques to generate and retain the audience’s interest during and after the
competition.
Further, a great strategy employed in the video game industry is to make members of the
target audience design the outreach initiative. For example, StarCraft II is a strategy (RTG)
game that is being developed with inputs from players by use of forums and other
bidirectional communications [Blizzard Entertainment, 2008c].
As well, the video game industry adapts its message to each local culture, ensuring that their
message is amenable to the target audience. One of the best practices that can be applied
from the gamming industry is the dissemination of the message in a simple and
comprehensive manner. Video game companies like Electronic Arts (EA) use famous
people from different communities to brand their products [Electronic Arts, 2008].
A good proof that supports the collaboration between Space Agencies and video gaming
industries is the agreement that NASA recently made with EA to create “Spore” [NASA
Astrobiology Institute, 2008].
One more decisive feature of the video game industry’s initiatives is the employment of key
personalities from the target audiences to transmit their ideas. By utilizing the most popular
figures of the community, the industry gains the support and interest of the rest of the
group. These “hidden leaders” transmit the ideas of the industry to the members of the
target community, expanding the influence of the outreach strategy, and increasing the
popularity and legitimacy of the message. The space industry, especially the GLXP
community can utilize these methods as well to increase the popularity of space in the minds
of the public.
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4.6 Recommendations
Recommendation #1 (Stakeholders: X PRIZE Foundation, Timeframe: short-term):
The Google Lunar X PRIZE competition should be presented to the
audience as an active and dynamic lunar race.
This can be done by highlighting the status of all the teams and their progress, by
making the GLXP webpage more dynamic and interactive, and through the addition
of videos, flash games and interviews on the website. It is extremely important for
the audience to view the GLXP as an exciting competition and a technology race. If
the audience begins to perceive the competition as a race, they will become more
interested in following the progress of the teams.
Recommendation #2 (Stakeholders: X PRIZE Foundation, Local Communities,
Timeframe: short-term, intermediate, long-term):
The X PRIZE Foundation should organize MINI X PRIZE competitions.
Mini competitions will engage the public and foster a better appreciation of the X
PRIZE.
An excellent way to create an affinity with the GLXP is by hosting a worldwide
model rocket competition. Small communities can compete against large
universities in difference countries by participating in the same competition
following the same rules and using local support. These competitions will help
popularize the idea of the GLXP and show the difficulties faced by the competing
teams. The participants will feel that they are engaged and involved in the GLXP.
These mini competitions should be filmed and documented and then webcasted on
the XPF webpage and the team blogs. A Certificate of Participation could also be
given out to the participants and the local community, spurring further interest.
Ultimately, these competitions will trigger better appreciation of the GLXP team’s
efforts, get people involved in space activities and expand the competition ideas and
vision.
Recommendation #3 (Stakeholders: X PRIZE Foundation, Timeframe: short-term,
intermediate, long-term):
The X PRIZE Foundation and the competing teams should try to engage
with universities, schools and other educational institutions to reach young
students.
Universities and other educational institutions are a focal point for reaching youth
and students. They are a natural audience for the GLXP in particular and space
exploration in general. The XPF and the teams should tap into this audience to
maximize the effects of their outreach. They can do this by creating multimedia
lessons that are inspiring and interesting to showcase their activities.
Recommendation #4 (Stakeholders: X PRIZE Foundation, Timeframe: short-term,
intermediate, long-term):
The X PRIZE Foundation should use the experiences and the good practices
of the electronic game industries to effectively transmit messages towards
their target groups.
Some electronic game companies possess extremely reliable tools for reaching out
and maintaining the interest of their audiences over long periods of time. Some of
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these marketing methods should be adopted by the XPF and the teams in their
outreach efforts. They could cooperate with the video game industry or other
companies that are capable of creating software for new social networks, developing
a game that captures the spirit of the GLXP or adding GLXP related content to any
of the existing games. Such an outreach strategy could capture the interest of
millions of players worldwide. This way the XPF and the competing teams could
transmit messages using the communication channels of the gaming industry.
Recommendation #5 (Stakeholders: X PRIZE Foundation, GLXP, Timeframe: shortterm, intermediate, long-term):
Cooperate with different NGOs, non-profit youth organizations and local
administrations all over the world to showcase the GLXP, and use the open
source network to bring the GLXP to audiences in their local language.
Work with these organizations to translate the GLXP story into their local languages
and then disseminate it to the young people of the region. This will make the GLXP
accessible to the broader public, ensuring international interest in the GLXP. Funds
from programs and institutions like EU Funds, EU-ASIAN youth funds, UN Youth
development funds and others can be used to sponsor these initiatives.
The GLXP and the teams should also utilize the pre-existing worldwide youth
networks, such as the European youth exchanges yahoo group, and other
organization networks to transmit their message. By spreading the word through
online groups, this is an excellent alternative way to reach organizations from around
the world.
Recommendation #6 (Stakeholders: X PRIZE Foundation, All partner organizations,
Timeframe: short-term, intermediate, long-term):
X PRIZE Foundation should create a global survey and adapt the GLXP
competition to reflect the expectations of the audience.
It is extremely important to reach out to different cultures around the world to
foster international support for the GLXP. This can be done if the survey
mentioned above is used to identify the preferences of the various regions of the
world. This will ensure a truly international competition. The survey is also an
effective way to gain feedback from the target group. The data and statistics
obtained from the survey can help evaluate the interest and possible gaps, from each
region [Babbie, 1973].
Recommendation #7 (Stakeholders: X PRIZE Foundation, X PRIZE Participants,
Timeframe: short-term, intermediate, long-term):
X PRIZE Foundation should use the social networking tools of Web 2.0 such
as Facebook.com, Youtube.com, SKYPE, ICQ, Global chats, Blogs, wiki, etc
to advertise GLXP.
According to several surveys conducted by various Internet consulting companies,
approximately 83% of youth who have Internet access use a 2.0 social networks like
Facebook, MySpace or Hi5. Since web 2.0 applications are a very popular place for
youth, it is an excellent place to provide outreach activities for the GLXP.
According to Gartner Consulting, “Building an application is a way to more actively
engage a target market, but the business outcomes of this engagement is still
undetermined” [Pettey, 2008; Mercader, 2008].
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Recommendation #8 (Stakeholders: X PRIZE Foundation, Timeframe: immediate,
short-term):
X PRIZE Foundation should add a bonus for landers that include a scientific
experiment to provide data for helping to settle people on the Moon.
In order to expand the visibility and relevance of GLXP competition even after it
has been won, there should be a manner to promote the extension of the GLXP
results. One way is to encourage future business opportunities with the collection
and selling of scientific data.
Furthermore, initiatives could be created to encourage funding from private sector
entities not directly involved in the competition itself, but are nonetheless interested
in long-term businesses opportunities with space agencies and other institutions
engaged on the exploration of the Moon [Boyle, 2007; Hertzfeld, 2007].
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5 Environmental Impact

5.1 Introduction
The purpose of this chapter is to analyze the possible impact that the Google Lunar X
PRIZE (GLXP) competition will have on terrestrial, lunar and space environments, and to
make recommendations on how some targeted stakeholders can use these issues to their
advantage.
This chapter addresses some of the key issues associated with spaceflight related
environmental impacts and the rationale as to why specific stakeholders should be concerned
about these issues. This chapter also contains an analysis of the current spaceflight
environmental impacts and key future environmental challenges. An assessment of
environmental marketing campaigns is also presented. This chapter concludes with a set of
recommendations targeted to specific stakeholders.

5.2 Key Issues
What are the current impacts of spaceflight on the Earth’s environment?
This question is relevant to stakeholders including the X PRIZE Foundation (XPF),
participants, space agencies and private space sector members. Over the last few years there
has been an increase in global environmental awareness and consequently increased criticism
of technologies and programs that are seen to pollute the Earth’s environment. Therefore, it
is important for these stakeholders to understand the actual impact their programs have in
order to prepare and deal with the criticism.
What are the potential negative impacts on the lunar and space environment due to
the GLXP and other envisioned future lunar mission?
There are groups that publicly question whether the new movement of lunar exploration will
negatively and irrecoverably impact the lunar environment. Again, the XPF, GLXP
participants, space agencies and private space sector members can benefit from an evaluation
of the actual environmental impact of their missions.
Why should the XPF, participants and other groups leading lunar missions (e.g.
space agencies and private space sector) care about these issues?
The previous two questions touched on the rationales for the stakeholders to pay attention
to the environmental impact of their missions, being able to quantify any negative impact as
well as mitigate any possible criticism. However, another possible motivation is that by
addressing some of the public environmental concerns, the XPF, GLXP participants, and
other lunar mission groups could help create additional support for the GLXP. There exists
a great opportunity for the new movement of private space missions to create an industry
that is intrinsically environmentally aware.
How could these stakeholders use these issues to their advantage? Who has already
done this and how successful was their effort?
Several organizations and companies have recognized that environmental initiatives can be
used for self-promotion in addition to balancing out negative criticisms. Some past examples
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of successful and of criticized environmental marketing campaigns were examined in order
to provide recommendations to the XPF, GLXP participants, space agencies and the private
space sector about how to use environmental awareness to their advantage.

5.3 Analysis
5.3.1 Evaluation of Current Spaceflight Environmental Impacts
Earth Environment
Currently, the only way to propel an object into Earth Orbit (or beyond it) is through the use
of rocket propulsion. Space launch vehicles are powered by the combustion of significant
amounts of propellants. Each stage of a current space launch vehicle can be categorized by
the type of rocket fuel used. While all of these types of fuels have at least some impact on the
Earth environment, the severity of the impact is vastly different. Table B.1 on page 80
(Appendix B) highlights current rocket fuel by-products and their potential environmental
problems. These potential problems are discussed further in Table B.2 on page 81. From
these tables it can clearly be seen that some fuels do less environmental damage than others.
Quantifiable analysis of these impacts is beyond the scope of this report, but it warrants
further investigation.
Lunar Surface Environment
The Committee on Space Research (COSPAR) has created a set of guidelines that govern
mission requirements to avoid biological contamination for missions to planets and other
celestial bodies. While the current planetary protection policy for the Moon considers a
Moon lander free of outbound decontamination procedures [COSPAR, 2004], there are
members of the space community who advocate for revisiting the lunar planetary protection
policy [Glavin, 2004]. In particular there are supporters who recommend upgrading the
lunar surface to a higher category that would require more decontamination procedures and
documentation. While future changes to existing rules are unclear, teams need to be aware of
them.
Space Environment
Space debris orbiting the Earth is a significant environmental problem [International
Academy of Astronautics, 2005]. Earth-orbiting launch debris is relevant for any launch to
the Moon that is not direct, such as a ‘piggyback’ launch.
There is a recent surge in global environmental awareness that is relevant to all these
situations. This has resulted in an increase of public attention to technologies that may cause
environmental damage, and has led to a number of initiatives by organizations and
companies to promote themselves as being environmentally aware. However, to date no
single industry stands out as embracing this movement.

5.3.2 Current Environmental Marketing Campaigns
There are several examples of organizations that try to leverage environmental awareness for
their own benefit. The Fédération Internationale de l’Automobile (FIA) introduced new
rules for the 2009 FIA Formula One World Championship to allow Kinetic Energy
Recovery Systems (KERS). These systems enable the storing and recovery of braking energy
[Formula 1 Press Release, 2008]. The current engine design was frozen so that “extra power
can only be gained by making better use of energy, or by getting more useful work from the
fuel burned” [Formula 1 Press Release, 2008]. In a separate initiative, the 2007 Honda Racing
F1 Team painted their cars with an image of the Earth instead of the traditional advertising
and sponsor logos [Noble, 2007]. Honda sponsors had all agreed to the removal of their
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branding from the cars in exchange for the rights to use images of the so-called “Earth car”
in their global marketing and promotion campaigns [Henry, 2007].
The Honda Racing F1 Team also achieved the Environmental Management ISO14001
certification. In commenting on this, the team’s CEO stated that “the vast majority [of their
carbon dioxide emissions] is from power use … and air transportation”, not from the fuel
used for racing and competing [Honda Racing F1 Team Website, August 24, 2008].
Other examples are the Virgin Group’s attempts over the last few years to gain the
reputation of a “green” airline [Clark, 2006; Reguly, 2006] and the new Spaceport America,
built in New Mexico for tourist spacecrafts, is designed to meet the standards of the
“Leadership in Energy and Environmental Design Platinum” certification [Davidson, 2007].
A discussion about how these examples can be applied to the GLXP competition is
presented in the following section.

5.3.3 Key Future Environmental Challenges
The stakeholders identified by the stakeholder matrix, in particular the XPF, participants and
other groups planning exploration missions, face two key environmental challenges in the
future:
Understanding and addressing criticism about the negative environmental impact of
their missions.
The XPF and associated stakeholders such as the GLXP participants will most probably
have to face some criticism from specific Earth and space environmentalist groups as well as
from a general public that is becoming more and more sensitive to environmental issues.
This criticism may deter potential investors and other relevant organizations from offering
support.
One major current concern is the level of carbon dioxide, a greenhouse gas, in the
atmosphere. This is illustrated by the fact that throughout the world, many countries are
considering the introduction of some kind of “carbon tax” system [Fitzpatrick, 2008]. The
aim of such a tax is to raise awareness of the issue of CO2 emissions and to encourage
reductions in emissions. Minimizing the carbon footprint is a challenge that GLXP team
competitors could explore in an effort to get the attention of potential sponsors interested in
environmentally friendly technologies.
Creating and benefiting from a positive environmental image about their endeavors.
The previously discussed examples of environmental marketing show that the media and
general public appear to respond positively to environmental initiatives, as long as they fit
two key criteria:
1. The initiative should directly address the key environmental concerns related to the
organization’s product.
2. The initiative should lead to sustainable developments.
An example that failed to conform to the above criteria was the Virgin Atlantic initiative to
offset the carbon footprint of their limousines. It was perceived to be dealing with a very
small secondary problem in comparison to the carbon footprint of their main airline fleet
[Clark, 2006]. In comparison, public response to the Formula One Association efforts to
increase fuel efficiency in their race cars has been very positive because the initiative directly
relates to what the public sees as a key environmental problem: the carbon footprint of cars.
The technology that is being created for racing cars can in the long-term be applied to
consumer cars.
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5.4 Recommendations
Recommendation #1 (Stakeholders: X PRIZE Foundation, Timeframe: immediate,
short-term):
The X PRIZE Foundation should consider offering the competitors a bonus
prize in the current Google Lunar X PRIZE competition for the use of
environmentally friendly technologies or for demonstrating an
environmentally relevant technology.
The XPF and Google Inc. will have to respond to members of the public concerned
with the environmental issues associated with sending robotic missions to the
Moon. Offering a bonus prize associated with environmentally friendly initiatives
could focus media attention on a positive environmental impact of the competition.
Implementing this recommendation could help the XPF promote an environmental
image and therefore create a friendly environment around the competition. This
would also promote the investment in the development and/or use of
environmentally friendly technologies.
Recommendation #2 (Stakeholders: X PRIZE Participants, Timeframe: immediate):
X PRIZE Participants should familiarize themselves with the environmental
impacts in the course of their business activities and try to minimize this
impact and related negative criticism.
Lunar and planetary exploration missions have the potential to negatively impact the
Earth, lunar and outer space environments. The increasing trend of global
environmental awareness means that the impact of these missions may receive
public attention and concerns. The participants need to be prepared to deal with
any environmental criticism they receive.
By being well informed about environmental impacts, teams can make
environmentally responsible decisions for their mission and associated business
activities and avoid negative criticism that may deter sponsorship and support from
outside organizations.
Recommendation #3 (Stakeholders: X PRIZE Participants, Timeframe: immediate):
The X PRIZE Participants should consider using environment as a
marketing tool to attract sponsorships.
Robotic missions to the Moon, such as the proposed GLXP missions, are very
difficult and very expensive. On top of this, the competition is privately financed
so participants have to find their own founds to support their mission.
An environmental image could be used as a marketing tool by one or more teams to
gain sponsorship. Past examples like the Honda Racing F1 Team “Earth car”
initiative have shown that private companies and investors could be particularly
interested in sponsoring a “green” team.
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6 Technical

6.1 Introduction
What are the technical challenges of private lunar exploration? What are the major risks?
These key questions immediately arise when a competitive team investigates the technical
issues related to the Google Lunar X PRIZE (GLXP). While some participants may be aware
of the challenges, many have limited resources and may not be experienced in planetary
mission design. In this chapter an analysis of the key technical issues can be found, including
a risk table identifying several risks that need to be mitigated in order to become a successful
GLXP team.

6.2 Technological Challenges
All technological challenges within the GLXP can be derived from the GLXP Guidelines
[Google Lunar X PRIZE, 2008] that are currently under development by the X PRIZE
Foundation (XPF). A detailed analysis of the GLXP Guidelines can be found in Appendix C.
To win first prize in the GLXP a team must complete the following tasks:
•
•
•

Land a spacecraft safely on the lunar surface
Roam the distance of at least 500 meters and provide proof of it to the XPF
Transmit image and video evidence from the Moon back to Earth

This section is divided into the mission phases common to every GLXP mission. These
phases are: launch, cruise, landing, roaming, and telecommunication. Every phase will be
explained and the main technological challenges will be emphasized.

6.2.1 Launch
The key challenge identified for the launch phase is financial in nature, rather than a technical
challenge. Several commercially available launchers exist that are accessible for the GLXP
teams. This means that a GLXP team does not need to develop its own launch system, but
must carefully pick the appropriate launch provider. To do so, two main aspects need to be
taken into account: launch costs and orbit specific payload capability. These aspects will be
addressed here.
The cost of a launch represents a substantial portion of the total mission cost. Table 6.1
shows the specific cost per kilogram of current popular Geosynchronous Transfer Orbit
(GTO) launch vehicles.
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Table 6.1 – GTO Launch Vehicle Specific Cost Table

Launch
GTO
Vehicle
Payloads (kg)
Atlas IIS
2,700
Atlas V
5,100
Atlas V Heavy
8,200
Delta IV
6,500
Delta IV Heavy
13,100
Titan IV
7,500
Ariane V
6,800
Proton-K
5,500
Zenit
4,300
H-IIA
6,000
LM-3B
5,500
[Tolyarenko, Nikolai. 2008]
*US estimate

GTO
Specific Cost, USD/kg
40,700-52,000
23,600-30,000
18,200-22,000
17,000-21,500
12,200-15,300
59,000-63,300
17,400-19,100
11,000-15,400
17,400-18,600
26,700
15,000*

A valuable method for launch cost reduction is the use of a piggyback launch opportunity.
GLXP teams can share the launch costs with another payload. In case the GLXP team is not
the prime contractor, the launch date and the final orbit cannot be chosen independently.
There are several possibilities for placing a lander with a payload from a piggyback launch
into a lunar orbit. Normally, an additional kick stage will be necessary to complete a Trans
Lunar Injection (TLI), since opportunities for direct launches to the Moon are very rare for a
piggyback. This means that the lander with the payload will most probably be delivered to an
intermediate orbit first before heading to the Moon. There were 68 space launches in 2007;
about half of them delivered satellites into high Earth orbits such as GTO, while HEO and
Geostationary Orbit (GEO) launches took a proportion of 78% [Pelton, 2008]. So a good
chance for GTO piggyback opportunities can be expected.
A reignitable liquid propulsion system is required to perform a TLI from a Low Earth Orbit
(LEO) or GTO, using two or three burns to reach the lunar orbit. Table 6.2 shows the
propellant budget of conventional propulsion systems for different kind of launch profiles. It
can be seen that a significantly higher propellant mass is needed to transfer the lander with
its payload (P/L) into Low Lunar Orbit (LLO).
Table 6.2 – Propellant Budget for Kick Stage

LEO
Launch

GTO Launch
I = 6.5°

411 (cf. Table 6.3)
320 (N2O4/UDMH)

Loaded Mass [kg]

Specific Impulse [s]
∆V to 100 km LLO
[km/s]
Propellant [kg]

GTO Launch
I = 28.5°

3.8

1.5

1.6

1850

490

790

The overall mass of the kick stage is very sensitive to the P/L mass that is supposed to be
landing on the Moon. If the mass of the P/L is doubled, the overall mass that needs to be
launched from Earth increases by about 9 % (calculated). This 9 % could force the change to
another launcher, could complicate the mission, and raises the launch cost.
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6.2.2 Cruise
As the lander and its payload begin coasting on the lunar transfer arc, its trajectory
approximates an elliptical orbit about the Earth with an apogee close to the radius of the
Moon’s orbit. The TLI burn is sized and timed to precisely target the Moon as it revolves
around the Earth. The burn is timed so that the lander with the payload nears apogee when
the Moon is near. Finally, they enter the Moon’s sphere of influence, making a hyperbolic
lunar swing-by. Then, a lunar orbit insertion (LOI) is performed to place the lander,
including the payload, into a lunar orbit with a desired altitude around the Moon. The key
challenge is the accuracy of the TLI that requires a precise and reliable Guidance, Navigation,
and Control (GNC) system. Figure 6.1 shows an example for a typical trajectory of a lunar
mission.

Figure 6.1 – Typical Trajectory of a Lunar Mission

[Lunar Prospector’s Flight Path to the Moon, 2004]

6.2.3 Landing
The first issue with landing is the choice of a proper landing site. What site is suitable to
perform a safe landing? Where can the landed craft roam for 500m and further? These are
the main questions the GLXP teams must face.
Once the spacecraft reaches the Moon, a safe landing must be realized. The landing location
error is a very important parameter for those mission requirements because of the limited
power supply and activity range. Some key technologies need to be selected, such as a high
resolution sensor and its related algorithm, spacecraft hovering control, and the methods for
automatically avoiding hazards in order to reduce the location error.
The main technical challenges are:
•

A highly autonomous, reliable, and precise GNC system:
After 35,800 kilometers of cruise the lander must re-position itself and modify its
trajectory to be captured into in a lunar orbit. After this, an attempt for a precise
landing on the planned position can be done. Due to the telecommunication time
delay the lander must process these tasks with the help of a high performance GNC
system [Lunar and Planetary Institute, 2004].

•

A semi-automated landing control system:
During the landing process the lander has to hover, identify obstacles in the landing
site by itself, and move to select a new landing position in case the landing site is not
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appropriate any more [Lunar and Planetary Institute, 2004]. Precise optical sensors
must scan the landing site surface. Algorithms for landmark matching and triangular
measurement must be developed.
•

Real-time image processing for obstacle avoidance:
Landing is a short dynamic process and the response of the control system
(including servos) must be processed in real-time. Image matching should be applied
to achieve a precision landing and due to the large amounts of data to be analyzed,
the real-time image processing is a significant challenge.

•

A variable thrust liquid propellant engine:
The descent propulsion system of the lander is important for safe and stable (soft)
landing [NASA/JPL, 1997]. With thrust throttling ratio of 10:1, the liquid propellant
engine of the descent system must be designed in variable thrust, which is top
technology just realized in practical flight by America and Russia [NASA/JPL,
1997].

As an example of a landing stage, the minimum mass of a lunar lander was calculated that
softly lands a rover with a mass of 16 kg from a circular lunar orbit with an altitude of
100km. The velocity change from a 100 km lunar orbit to touchdown on the Moon softly is
1.7 km/s. Using a software model for calculating the minimum mass of a lunar lander [Zeile,
2007] the minimum wet mass of a lunar lander can be calculated to 411 kg. The detailed
mass budget is shown in Table 6.3.
Table 6.3 – Mass Budget of the Minimum Mass of a Lunar Lander

Element
Rover

Weight [kg]
16

Lander Subsystems

219
21
20
42
5
5
75
51

Propulsion
Attitude Control
Communications
Command & Data Handling
Thermal
Power
Structure & Mechanics
Lander + Rover dry Mass
Lander + Rover wet Mass

235
411

6.2.4 Roaming
Ability to survive and operate in abrasive and dusty environments
The dust environment is especially harsh on the Moon. Lunar dust (regolith) will coat
mechanical components, causing abrasion to surfaces and wear of moving parts. The regolith
also forms a thermal insulator that makes heat removal difficult. The particles of the regolith
are very fine (< 70 microns, equivalent to silt on Earth), sharp, and highly abrasive. These
particles will erode bearings, gears, and other mechanisms not properly sealed. The dust will
also abrade the seals themselves [Houston A. and Rycroft M., 1999].
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Ability to maneuver in majority of terrains on the Moon
Moving around the surface of the Moon involves various challenges such as steep craters,
soil weight bearing capability, and dynamic effects due to high speed operation over rough
terrain.
Former missions demonstrated the high roaming capabilities of wheeled systems. For that
reason, the Mars Pathfinder mission to Mars is a good example of a small rover that is
capable of winning the GLXP. In the Pathfinder mission, the rover’s wheels and suspension
used a rocker-bogie system that is unique, in that it did not use spring suspension design.
Rather, its joints rotated and conformed to the contour of the ground, providing the greatest
degree of stability for traversing rocky, uneven surfaces. A six-wheeled vehicle with rockerbogie suspension can overcome obstacles three times larger than those crossable by a fourwheeled vehicle of equal wheel size [Houston and Rycroft, 1999]. In the GLXP mission,
wheel mobility should be specifically designed to fit the lunar land environment.
The rover should include payload, locomotion system, power, thermal control, computers,
autonomous navigation, command and telemetry – the complete system consists of mobile
mass and lander-mounted rover equipment mass [NASA/JPL, 1997]. A low mass of the
rover as seen in Table 6.4 is the most important in terms of cost and operation on the Moon.
Table 6.4 – Mass Budget of a Rover example

The Total Mass
Mobile Mass
Lander-Mounted Rover Equipment Mass

16.0 kg
11.5 kg
4.5 kg

Navigation challenges on the lunar surface
Navigating on the Moon surface presents numerous challenges. A significant amount of the
lunar surface is already mapped and more will be mapped soon with higher resolution
[Opperhauser, 2008]. Proper navigation requires the rover to be able to recognize where it is,
and necessitates the utilization of reference points such as landmarks or mobile robots
[Dabrowski, 2007]. Obstacle avoidance is a challenge for the onboard systems (sensing and
control), which have to be able to detect and avoid objects during roving; in addition,
calculation of distance and direction traveled between waypoints must be made in order to
correlate the displacement with the initial position. This challenge is linked to the
requirement of roving 500 meters for winning the GLXP. Therefore, some possibilities on
how to measure the traveled distance on lunar surface should be discussed. These include
active, indirect, and third-party methods [Cheung, 1995].
Active methods such as rangefinders use an active source to determine its position, like laser
or radar. They are accurate but they demand more power consumption and mass because of
the equipment requirements. Active methods also need to place a landmark at the rover’s
starting position. This landmark acts as a reference point to tell the rover how far it has
traveled.
Indirect methods make use of non-direct measurements between start and end points that
estimates the distance traveled by measuring the rotation of its wheels [Zaman, 2007]. This
method needs accurate calibration as well as a reliable data collection to measure effectively.
Nevertheless, it allows the craft to measure curved paths, if needed.
Another indirect measurement method is taking images, preferably in stereo, at the beginning
and at the end of roving, and then compares both locations on the images to estimate the
distance. The main advantage of this approach is that the video equipment can be used to
avoid extra payload, but this requires landing close to a landmark well known from previous
landings so that the location can be clearly identified. This last requirement is difficult to
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satisfy. The precision for landing in this approach plays a fundamental role, but it may land
kilometers from the desired landing point, depending on the robustness of the GNC system.
Third party methods make use of external equipment to measure the traveled distance. For
instance, the services of a satellite may be acquired so that it takes images from start to end
points on the path of the rover. This method let the craft to avoid the use of extra
equipment reducing its mass and power consumption. The potential drawback to this
method is the cost for the ‘outsourcing’ of this capability.

6.2.5 Telecommunications
The communication system will be an important element in winning the GLXP competition
and many different factors need to be considered. The link budget described below looks at
these factors from the perspective of maximum throughput. In addition, the sizing of the
antenna, with mass and balance considerations, needs to be taken into account for the
supporting rover. It is also necessary to provide a reliable digital video system over a long
distance. There is the additional problem of compressing and encoding a signal with a high
bit rate and low power, over a long distance. An allowance must also be made for incorrectly
binary-valued bits received due to distortion. Challenges would include investigating the use
of relay satellites.
Frequency choice
The International Telecommunications Union (ITU) allocates frequencies to specific uses
[International Telecommunications Union, 2004]. Two candidate frequency bands were
investigated for transmitting data from the Moon. Both of these bands are designated for
space research (deep space). These are not the only space research bands, but are considered
the most likely to be used due to availability of components. The use of frequency bands that
are not allocated to space research cannot be afforded protection from other services
operating in accordance with the radio regulations. As these bands will often contain high
powered terrestrial or commercial satellite services, the chance for interference is high.
The amount of spectrum allocated to space research is quite limited – only 10 MHz in SBand. This resource must be shared between all space research missions worldwide, and it
can be assumed that access to the entire 10 MHz is not possible. Another concern here is the
significant length of time it can take to coordinate access to this spectrum.
Link budget
A link budget has been developed to show some of the challenges dealing with transferring
large volumes of data from the Moon (high definition video, for example). While this link
budget is not as detailed as would be required for an actual mission analysis, it is a good tool
for showing indicative data transfer rates in different scenarios.
Four scenarios were investigated for the link budget; investigating low and moderate transmit
powers, S-Band and Ku-Band frequencies, and small transmitting antennas (note that very
large receiving antennas were used). This was performed to illustrate some of the challenges
of transferring large amounts of data from the Moon to the Earth. Table 6.5 shows that data
transfer rates from the Moon are low – from tens of kilobits per second (kbps) to a few
hundred kbps. The use of small antennae and low transmission power on the rover
necessitate the use of very large antennas on the Earth – the type typically used only by space
agencies and scientific organizations for deep space communications.
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Table 6.5 – Link Budget Scenarios

Scenario
Frequency Band
Power (transmitter)
Gain (transmitting
antenna)
EIRP (Equivalent
Isotropic Radiated
Power)
Path Distance
(approximate)
Transmit Frequency
Path Loss
Gain (receiving
antenna)
Power Received
Nominal Bandwidth (1
MHz)
System Noise
Temperature
System Noise
Temperature
Boltzmann’s Constant
Noise Power
Margin
Carrier to Noise Ratio
Eb/No Required
(for QPSK, BER 10-6)
Bit Rate / Bandwidth
Data Rate

A
S-Band
1.0
0.0

B
S-Band
20.0
13.0

C
Ku-Band
1.0
0.0

D
Ku-Band
20.0
13.0

2.2 1

2.2

29.6 2

15.0 3

dBW

2.2

15.2

29.6

28.0

km
MHz
dB

384000.0
2300.0
211.3

384000.0
2300.0
211.3

384000.0
13000.0
226.4

384000.0
13000.0
226.4

dBi
dBW

62.0 4
-147.2

62.0
-134.2

62.0
-134.8

34.0 5
-164.4

dBHz

60.0

60.0

60.0

60.0

119.0 6

119.0

119.0

119.0

20.8

20.8

20.8

20.8

-228.6
-147.8
10.0
-9.3

-228.6
-147.8
10.0
-3.7

-228.6
-147.8
10.0
3.1

-228.6
-147.8
10.0
-26.5

12.0
-21.3
7.4

12.0
-8.3
147.4

12.0
-8.9
128.2

12.0
-38.5
0.1

W
dBW
dBi

K
dBK
dB
(W/K.Hz)
dBW
dB
dB
dB
dB
kbps

Considering that a link will only be available from one location on Earth for approximately
11 hours a day (assuming 5 degree minimum elevation), the following table shows the
approximate amount of time needed to transmit the two “Mooncasts” (about one Gigabyte
of information). Note that this table shows the unrealistic case of raw data only, and does
not consider the forward error correction and other data overheads that would be required.
Table 6.6 indicates the challenge of transmitting this amount of data for the competitors.
Table 6.6 – Transmission Time for Mooncasts

Transfer Rate
Number of Days Required

10 kbps
21

100 kbps
3

1

Dipole antenna
0.3 m parabolic dish
3 Horn antenna (approximately 220 mm)
4 The NASA DSS-43 satellite in Tidbinbilla, Australia was used as a reference. No comment on the availability of
such a resource is intended.
5 A 3 m diameter satellite receiving antenna was used as a model here.
6 [Nagy, 2005]
2
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Limitations on size of antenna
A small lightweight rover cannot use a large, heavy, high gain antenna. As well, a high gain
antenna may need to be movable to point at the receiver, due to the rover changing
orientation as it moves, and possibly to track the ground station on the Earth.
Relay satellite
The atmosphere of the Earth will degrade a radio link through a variety of mechanisms. This
is an entire field of engineering, so an analysis will not be performed here. The degradation
of the radio link is a risk to the mission success. It might be possible to mitigate this risk
using a space-space radio link, from the Moon to a satellite orbiting the Earth, as orbit
communications satellites with high power are currently (commercially) available. This
satellite could retransmit the data to the Earth via a high-powered link. An additional option
might be a lunar orbiting satellite, although it is unclear if such a relay will be available for
GLXP missions.
Data compression
There is often far too much data to be transmitted in its raw form to make real-time data
communication possible. This is particularly true for image and video due to the sheer
quantity of data. There is a need to compress this data. The compression method chosen
should include an analysis that decides which lossless compression method is to be used on
each image. Lossless compression does not lose any image information and quality. Lossy
compression is carried out after lossless compression on images where a small reduction in
quality can be tolerated. Lossy compression loses some of the sharpness of the shade of the
pixel in the images and video. In addition, the video frame rate is set to one to two frames
per second. To reconstruct a frame rate of twenty-five frames per second for high definition
television, images have to be reconstructed [O’Connor, 2007].
Error correction
In the transmission of digital data, binary bits can be distorted and may have an incorrect
value, even on non-wireless terrestrial systems. A method is needed to correct such a
distortion. One such a method is called Hamming code. Hamming code receives eleven bits,
including the data byte, and can correct the value of one incorrect bit per byte on the
receiving end [Daly, 1990].

6.2.6 Risk Analysis
A risk analysis is an essential tool for mapping the various risks and providing solutions to
avoid or minimize them. In the following section the main risks that need to be considered
when designing a GLXP mission are addressed.
The Table 6.7 below presents the risks associated with the overall mission phases.
Competitors must consider the three main requirements linked to a high risk: landing, roving
and broadcasting. These are the main areas where funding must be focused to succeed in a
GLXP mission.
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Table 6.7 – Risk Analysis Table
Phase

Risk

Launch

Launch failure

Cruise

Failure of TLI
Failure of reaching
LLO

Landing
Unintended hard
landing
Failure in
locomotion unit
Failure in power
supply

Roaming

Telecom.

Failure in thermal
control
Loss of LOS (active
distance
measurement)
Wheels slipping
(indirect distance
measurement –
odometry)
Third-party distance
measurement failure
Failure of video
transmission
Non-continuous
transmission
Incorrect value of
received bits
Fail in video
compression

Description
Many launch strategies exist that place the lander and
rover into a lunar orbit and all of them have a
probability of failure.
The lander and rover cannot land on the Moon.
After the long flight the Moon, the lander must brake
into lunar orbit at the proper moment: too early and it
will not reach the Moon; too late and it will fly past the
Moon. So, the GNC system must be autonomous and
reliable.
The Radar or Lidar system has high accuracy but is
also unreliable due to its complexity and fragility in the
space environment. The engine throttle must be highly
accurate to meet the requirements of soft landing
precision and shift control to a new landing position.
The 500 meter trip on the Moon could not be reached,
which results in complete failure of the mission.
Electronics such as computers, autonomous
navigation, command and telemetry on the rover stop
working, and the mission fails.
This can be caused by failures in electronics and might
lead to a mission failure.

Risk
Level
Low
Medium
Medium

High

High
Medium
Medium

Prevents the detection of target, but could be avoided
by correction movements of the rover.

Medium

Incorrect measurements are taken because wheels do
not fit to the surface. By choosing the proper surface
(selected for landing) this could be avoided.

Medium

Distance travelled could not be proven to XPF.

Medium

This could be a disaster since one of the main mission
requirements could not be fulfilled.
A vital part of the mission may not be recorded,
leading to an inability to prove all sections of the
mission.
Bits are distorted in transmission and may have an
incorrect binary value producing an incorrect color.
Inability to transmit signal.

High
Low
Low
Low

6.3 Technological Spin-offs
Several technological spin-offs can be developed as a result of the technology developed for
winning the GLXP. The following list offers an idea of these possible spin-offs:
•
•
•
•
•
•
•
•

Space-qualified hardware for future exploration mission.
Rover technology for terrestrial use in harsh environments,
Semi-autonomous/autonomous real-time GNC and image recognition systems for
terrestrial use,
Potential communications infrastructure for exploration missions in Earth and/or
Moon orbit,
High-end commercial-off-the-shelf components, i.e. CCD/CMOS-cameras,
Video hardware,
Video compression hardware,
Low-cost launch opportunities for small spacecraft.
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6.4 Recommendations
Recommendation #1 (Stakeholders: X PRIZE Participants, Private Space Sector,
Timeframe: intermediate, long-term):
X PRIZE participants should consider a piggyback launch on a GTO
mission to minimize the cost of the project.
There were 68 space launches in 2007; about half of them delivered satellites into
high Earth orbits such as GTO [Pelton, 2008], so opportunities for GTO piggyback
can be expected.
Recommendation #2 (Stakeholders: X PRIZE Participants, Private Space Sector,
Timeframe: immediate):
X PRIZE participants should use optimal configuration of their roaming craft
with a minimum mass.
The X PRIZE participants and the private space sector should pay close attention to
the mass of the P/L they want to place on the Moon. An optimal configuration of
the P/L with a minimum mass should be used to reduce the cost and risk. The P/L
mass will be a main driver for the whole mission.
Recommendation #3 (Stakeholders: X PRIZE participants, Timeframe: immediate):
X PRIZE participants should use a rover design for roaming on the lunar
surface that includes a reliable distance measurement technique.
Former missions demonstrated the high roaming capabilities of wheeled systems. In
the Mars Pathfinder mission, the rover’s wheels and suspension used a rocker-bogie
system that is unique in that it did not use springs, rather, its joints rotated and
conformed to the contour of the ground, providing the greatest degree of stability
for traversing rocky, uneven surfaces. A six-wheeled vehicle with rocker-bogie
suspension can overcome obstacles three times larger than those that can be
traversed by a four-wheeled vehicle of equal wheel size [Houston and Rycroft,
1999]. Odometry can be considered a practical way of measuring the traveled
distance. Curved paths can also be measured with this approach.
Recommendation #4 (Stakeholders: X PRIZE participants, Space Agencies, Private
Space Sector, Timeframe: immediate):
X PRIZE participants and space agencies should consider using relay
satellites for communication between the Earth and the Moon.
To reduce the transmission power required on the roaming craft, a satellite orbiting
the Earth can be used as a relay. This satellite could transmit the data to the Earth
via a high power link. An additional option might be a lunar orbiting satellite.
Recommendation #5 (Stakeholder: X PRIZE Participants, Timeframe: immediate):
The XPF, together with the X PRIZE participants, should consider having
coordinated spectrum access for missions on behalf of all teams.
Teams planning GLXP missions should familiarize themselves with how the IM
spectrum is allocated for space research missions. The XPF should consider having
coordinated spectrum access for missions on behalf of all teams. This spectrum
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could be shared between teams in the event that multiple teams require the radio
link at the same time.
Recommendation #6 (Stakeholders: X PRIZE Participants, Timeframe: immediate):
The X PRIZE Participants should consider a third-party measurement
method in order to avoid mass/power compromises in the craft.
If a competitor plans to invest part of its funding for a measurement system on
board the craft, it is a good option to compare this cost with the use of outsourced
services e.g. satellite imaging.
Recommendation #7 (Stakeholders: X PRIZE Participants, Timeframe: immediate):
The X PRIZE Participants should consider investing more effort in a robust
GNC system so that, by precision landing and taking pictures, the distance
traveled can be measured by comparison of images.
Precision landing in a known area of the lunar surface would provide the advantage
of comparison with previous data about that site. Thus, pictures of the surface can
be compared to estimate the distance. A robust GNC system increases the
opportunity of a precision landing.
Recommendation #8 (Stakeholders: X PRIZE Foundation, Timeframe: immediate):
The X PRIZE Foundation should standardize the range measurement
technique to be used by competitors.
The XPF should clarify the range measurement technique to be used by competitors
to avoid ambiguities after roving. Although this could impose an additional
restriction to the competitors, the final results of the competition would then be
clearer.
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7 Legal Considerations

7.1 Google Lunar X PRIZE: Legal Issues
The Google Lunar X PRIZE (GLXP) provides an opportunity for private sector exploration
and utilization of the Moon. This opportunity, if materialized, will have legal consequences
that are beyond the purview of current international treaties. Some of the legal and policy
issues that emerge from the GLXP are:
•
•
•
•
•

Renewed exploration and utilization of the Moon,
Impact of International Traffic in Arms Regulations (ITAR) on X PRIZE
participants and the X PRIZE Foundation (XPF),
Insurance and liability requirements for the GLXP teams,
Status of heritage sites on the lunar surface,
Use of nuclear Radio-isotope Heating Units (RHUs).

7.2 Analysis of the Renewed Exploration and Utilization
of the Moon
Space law inherently developed in an ad-hoc fashion, within a relatively short time span
[Baumann, 2005]. As the Moon Agreement shows, concrete laws may not attract the support
of space-faring nations due to their rigidness, especially in space activities that have difficulty
in keeping pace with changes in technology, political developments, and capabilities.
Therefore, guidelines may be best suited to lay down principles that may form the basis for
creating hard(er) law over time [Bohlmann, 2005].
As the GLXP ushers in a new era of lunar exploration and utilization, the Moon cannot be
viewed through outdated lenses as a “territory to claim and tame” as was done in the profitdriven exploration and colonization endeavors into the American Wild West [Billings, 1997].
Experiences from the satellite communication and commercial launch sectors already are
paving the way for an international regulatory framework for commercial space activities
[Ospina, 2005]. The utilization of lunar resources in the foreseeable future can benefit from
an agreed recognition of the necessity to better “organize, manage, and conduct international
activities in space” [Contant and Logsdon, 2004].
There remain open questions regarding the issue of liability and insurance, the need to
harmonize national space laws and to ensure that space activities are conducted in an
environmentally responsible and sustainable manner. The 1999 Vienna Declaration on Space
and Human Development state that recent “significant changes have occurred in the
structure and content” of space activities. This includes the growing contribution of the
private sector as well as the potential that space activities can have on uniting space-faring
and non-space faring countries. In the renewed interest to return to the Moon, the
underlying idea that must not be forgotten is that space activities are for the benefit of all
mankind.
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In this vein, due to the high-cost nature of space activities, only through international
cooperation can activities be undertaken more effectively and more successfully [Baumann,
2005]. Despite increased motivations for the commercial utilization of the Moon, there is
unfortunately not only little synergy for a common lunar exploration strategy, but there is
also not “a global institutional mechanism for developing the Moon’s resources and
markets” [Harris and O’Donnell, 2008]. In 2007, 14 space-faring States developed the Global
Exploration Strategy and vowed to use space activities to “bring significant social, intellectual
and economic benefits to people on Earth” through technologies that will “build a more
sustainable society” as well as “strengthen international partnerships through the sharing of
challenging and peaceful goals” [European Space Agency, 2007]. This is a good beginning;
however, more stringent efforts and mechanisms must be put in place to address the
interests and concerns of private and public, commercial and non-commercial space. There
should be what Baumann calls an “integration of actors and … legal instruments”, both
national and international.

7.3 ITAR
The International Traffic in Arms Regulations controls the exports of many space
technologies out of the United States, and is of immediate concern to the GLXP teams and
the XPF. Teams from the U.S. that are participating in the GLXP may be interested in
obtaining ITAR-restricted technologies. For example, Virgin Galactic was able to obtain an
ITAR waiver from the U.S. State Department to exchange technical information in
developing a commercial suborbital space liner for the Ansari X PRIZE [David, 2005a&b].
However, the use of ITAR-controlled systems impedes international cooperation between
the GLXP teams. Another issue that arises from ITAR is when judges need to review the
technical details of an ITAR-controlled system used to judge the performance of two
competitors. In such cases, backup judges with clearance to review the technical details of
the ITAR-controlled system may be needed.

7.4 Liability
The liability for any accident or unforeseen event in space lies with the national
governments, as is stated in the Outer Space Treaty (OST) and the Liability Convention.
Non-governmental entities like private space companies are subject to liabilities only through
their national governments. All teams in the GLXP will be liable for their actions through
their national governments. This arrangement might impede quick liability settlements
between private enterprises. Increased private sector activities in space might lead to liability
claims among States and between States and private enterprises. The current legal framework
is not designed to handle these issues. The United Nations Committee on Peaceful Uses of
Outer Space (UNCOPUOS) should establish an international forum for space liability claims
adjudication. The UNCOPUOS should also require the compulsory registration of all civilian
space objects. This will enable quicker and more efficient claims adjudication. This will also
prevent forum shopping when it comes to matters such as liability claims [Lafferranderie,
2005; Gerhard, 2005]. Such a mechanism is essential for a private sector-friendly
environment. A number of authors forecast that the World Trade Organization (WTO)
would have a role to play in the settlement of disputes arising from commercial space
activities [Contant and Logsdon, 2004; Nandakumar, 2006].

7.5 Insurance
One of the biggest costs for teams involved in the GLXP is insurance. Insurance expenses
are high for a GLXP team that is striving to keep costs to the minimum. In the current
operational paradigm of the space industry, all risks, including the legal risks to which the
operator is exposed at the various contractual levels of the mission, require insurance
[Kayser, 2001]. One of the unique characteristics of the space business is that the worldwide
insurance capacity is not sufficient to cover each launch if all possible claims situations are to
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be insured against. The availability of inter-participant waivers of liability and of government
indemnification has helped overcome this situation by making the insurance of spacecraft
launch and operations feasible. However, these waivers and indemnification are available
only to governmental agencies.
Private space enterprises must be extended these same benefits by national governments.
This is needed to limit the liability of private space companies to avoid excessive insurance
costs. Limiting liability would help private space sector enterprises like the GLXP teams
involved in space exploration to reduce the cost of operation in space. Some alternative
solutions to pay for liabilities would be to set up state guarantees, an international
compensation fund, or compulsory reinsurance schemes backed by states [Moysan, 2004].

7.6 Lunar Heritage Sites
The GLXP competition has a ‘Heritage Bonus Prize’ that is awarded to the first team that
returns imagery of a historical artifact on the surface of the Moon. The rules of the
competition state that teams wishing to compete for the ‘Heritage Bonus Prize’ must receive
prior approval from the GLXP judging panel “in order to eliminate unnecessary risks to the
historically significant sites of interest” [Google Lunar X PRIZE, 2008]. The difficulty lies in
determining what constitutes a heritage site, as currently no legal precedent exists with regard
to outer space objects. The UNESCO World Heritage Convention of 1972 can be a good
reference point. The Convention defines a cultural heritage site as a work of man that is “of
outstanding universal value from the historical, aesthetic, ethnological or anthropological
point of view” [Art. 1]. By this definition, various objects and landing sites from previous
lunar missions certainly qualify as cultural heritage sites. The XPF should initiate a
conference with UNCOPUOS, States and space agencies to decide which sites should be
considered heritage sites. All lunar locations classified as heritage sites must be registered
with UNESCO. Concrete efforts in this regard will demonstrate that the XPF is a socially
responsible organization concerned with the preservation of the lunar heritage sites for the
sake of future generations and human civilization. This will also set precedents for the future
of lunar exploitation when many more space actors plan to explore and use the Moon.
Issues of Salvage
Lunar heritage objects and sites are of significant sentimental and commercial value. It would
not be surprising if plans were underway to salvage such objects for private gain. As private
space activities become more of a reality with the GLXP, this will be an issue of concern.
The 1989 International Salvage Convention, though applied to the high seas, can be an
example for space and the lunar environment. In relation to lunar heritage sites, the idea that
“non-commercial vessels owned or operated by a State” (Art. 4) cannot be salvaged is
helpful. It is important that the restrictions on salvaging of historical objects on the Moon be
clarified and set into legally binding prohibition to ensure future consistency and clarity on
the subject matter.

7.7 Nuclear Power Sources (NPS)
The GLXP has a ‘Survival Bonus Prize’ that is awarded to the first team that survives during
two lunar nights. If the participating teams decide to compete for this prize, they would
consider the use of Radio-isotope Heating Units (RHUs). Although access to nuclear
material is very limited, some of the teams might be able to obtain some for an RHU. This
raises questions on how XPF should formulate rules to prevent any accident on the lunar
surface. There is also the issue of inequitable access to RHUs, which are expensive
technology. Given these constraints, the XPF should rule out the use of RHUs by all teams.
This will create a level field for all participants and will encourage the development of
technologies that will enable the survival of lunar night without using RHUs.
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7.8 Recommendations
Recommendation #1 (Stakeholders: UNCOPUOS, Timeframe: intermediate):
The UNCOPUOS should create a forum for the settlement of
disputes/claims and a legal regime that reflects the requirements of private
enterprises.
This is needed to ensure clear arbitration guidelines among States and between
States and private space enterprises. Currently, the International
Telecommunications Union provides a model mechanism for the settlement of
disputes in the realm of satellite communications and remote sensing activities. A
single body would guarantee a more integrated approach to dispute settlement. A
number of authors forecast that the World Trade Organization would have a role to
play in the settlement of disputes arising from commercial space activities [Contant
and Logsdon, 2004; Nandakumar, 2006]. This option should be further explored by
the UNCOPUOS.
Recommendation #2 (Stakeholders: UNCOPUOS, State governments, X PRIZE
Participants, Timeframe: short-term, long-term):
The UNCOPUOS should enforce the registration of all commercial space
objects, regardless of whether launched by a State or by a private entity.
The registration of space objects is essential to enforce liability claims. Failure to
form a complete registry will lead to difficulty in the enforcement of liability claims
and in the conduct commercial activities in space. It is also essential to limit adverse
effects on the terrestrial, space and lunar environments through unattributable
actions or negligence.
Recommendation #3 (Stakeholders: State Governments, National Space Agencies,
Private Space Sector, Timeframe: short-term, intermediate):
National governments should limit the liability of private space companies so
that they are only liable for directly attributed losses.
Private space enterprises need to have limited liability to avoid excessive insurance
costs. Limiting liability would help promote private space sector involvement in
space exploration during and beyond the GLXP by reducing the cost of operating in
space. Some alternative solutions to pay for liabilities are to institute state guarantees,
an international compensation fund, or compulsory reinsurance schemes backed by
states.
Recommendation #4 (Stakeholders: X PRIZE Foundation, X PRIZE Participants,
Timeframe: immediate):
The XPF should have backup judges with clearance to review technical
details of ITAR-controlled systems.
Judges with clearance to review the technical details of the any ITAR-controlled
system used in the GLXP competition may be needed.
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Recommendation #5 (Stakeholders: X PRIZE Foundation, Timeframe: short-term,
long-term):
The XPF should, initiate a conference with UNCOPUOS, States and space
agencies, to decide which specific lunar locations should be considered as
heritage sites. All lunar locations classified as heritage sites must be
registered with UNESCO.
The actions taken by the XPF vis-à-vis lunar heritage sites will be closely monitored
and criticized as the competition develops. The XPF is setting a precedent and needs
to be aware of its role in this context.
Recommendation #6 (Stakeholders:
Timeframe: immediate):

X

PRIZE

Foundation,

UNCOPUOS,

The XPF should rule out the use of RHUs by all teams.
This will create a level field for all participants and will encourage the development
of technologies that will enable the survival of lunar night without using RHUs. The
implementation of this recommendation will set precedents for the future use of
NPS in commercial space missions.
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8 Business and Marketing

8.1 Introduction
The GLXP competition provides private entities with an opportunity to take an active role in
space exploration. The competition and its prize money provide a stimulus to encourage
private space companies to invest and take advantage of the possibilities in space
exploration. However, the prize money is not intended to cover the costs of the teams, but
only to provide additional incentive to take on the task. The teams will need to develop a
long-term business plan to sustain their activities. This chapter attempts to identify
immediate business ventures and potential investors. It will also examine the potential
business markets that will open up for private space companies and the evolution of these
markets over the long-term. Traditional and alternative markets in which participants can get
involved are also highlighted.
The chapter begins with a review of possible immediate pre-launch funding and revenue
sources from which the Google Lunar X PRIZE (GLXP) teams benefit. The later portions
of the chapter examine long-term business opportunities available for private space
companies.

8.2 Pre-Launch Business Ventures
The GLXP teams are attempting one of the costliest of human undertakings. There are high
costs associated with the development of a robotic lunar mission and the teams will need to
constantly look for market opportunities and partnerships that can help fund their missions.
Space agencies around the world have declared a renewed interest in lunar exploration. This
interest will ultimately leads to further exploration of our solar system. These agencies have
expressed a desire to establish partnerships and cost-sharing opportunities with other
agencies, scientific organizations, and private space companies.
One potential market opportunity could be space agencies that are pursuing immediate
exploration missions. GLXP teams can generate revenue by selling a certain mass of their
launch P/L to the space agencies. NASA has expressed its willingness to engage with the
GLXP teams to explore such ventures. It has been suggested that GLXP “[…] competitors
might consider approaching NASA with the opportunity to place a scientific P/L on a lander
or rover and pay for any data returned” [Petro, 2008]. This possibility has already been used
by some of the registered teams. The GLXP team Odyssey Moon has already sold $40M in
payload fee commitments [Nolan, 2008]. Space agencies would be willing to embrace the
concept of public-private partnerships (PPP) with private space enterprises if it benefits
them. Such partnerships have already materialized. For example, Caterpillar Inc. has
partnered with NASA to develop a remote-controlled “lunar truck” to move regolith, called
Chariot [NASA Watch, 2008]. Other examples are NASA providing piggyback prizes for
payloads as part of the Centennial Challenge and sending beacons to potentially augment the
Gravity Recovery and Interior Laboratory (GRAIL) mission [Comstock, 2008].
Some of the immediately arising opportunities from national and international space
missions are scientific and technology demonstration payloads.
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Scientific Payloads
Recently, space agencies have shown interest in going to the Moon as a step towards
exploring our solar system. One of the main steps to be taken before sending humans back
to the Moon will be to gather detailed knowledge about its characteristics and science data in
specific locations on the lunar surface.
Thus, having the capability to send scientific payloads to lunar orbit and down to the lunar
surface has a very compelling business case. Agencies are not the only interested
organizations, scientific foundations and academia have also expressed interest in missions
that may take their experiments to the Moon. The challenge lies in how these organizations
and GLXP participants can benefit from this common interest.
Technology Demonstration Payloads
Space agencies around the world, will have a much greater need in the future for P/L on the
Moon. NASA is considering sending human missions to the Moon, ESA’s SMART-1,
JAXA’s Kaguya-Selene and ISRO’s Chandrayaan-1 are scientific and technological
demonstration missions. This would extend the current Facilitated Access to the Space
Environment for Technology Development and Training (FAST) [Comstock and
Scherbenski, 2008]. FAST is a parabolic flight program that gives institutions and companies
with funding limitations, universities, and projects in early development the opportunity to
test emerging technologies in space. This activity was initiated by NASA’s Innovative
Partnerships Program and it is a cost-sharing program in the sense that it covers the costs of
the flight for selected projects, while the experimental hardware is expected to be funded by
the experimenters.
Developing reliable technology and space-qualified hardware to allow exploration of the
Moon is a necessary step for lunar exploration. Successful GLXP teams will be able to offer
private companies and space organizations alternative platforms to test new technologies
specifically developed for these kinds of missions.

8.2.1 Near Term Lunar Missions
This year, ISRO is going to launch the unmanned moon spacecraft Chandrayaan 1. The
spacecraft has five ISRO instruments and six international instruments (European, Bulgarian
and American) [ISRO, 2008]. On NASA’s schedule are the Lunar Crater Observation and
Sensing Satellite (LCROSS) and the Lunar Reconnaissance Orbiter (LRO), set for launch
next year [NASA, 2008a]. The LCROSS will verify the absence or presence of water on the
lunar South Pole, which is an important factor for future human activities. The LRO will
map the lunar surface and seek landing sites for future missions. Russia will send a mission to
the Moon in the coming years, the unmanned spacecraft Luna-Glob [Craig Covalt, 2006]. Its
purpose is to explore mineral deposits, remote sensing and study the inner structure of the
Moon. The logical successor to these missions will be to land a rover onto the Moon. All
missions have an inherent potential for partnership with private space companies.

8.2.2 The International Lunar Network
The International Lunar Network (ILN) is an international group created in response to the
2007 report released by the American National Research Council. Its goal is to put 8-10
science stations on the lunar surface [NASA, 2008b]. Each station will act as a node in a
geophysical network. Agencies from different nationalities will each provide a node, starting
with the first two landers developed under the Lunar Precursor Robotic Program (NASA's
Marshall Space Flight Center) [NASA, 2008c] planned to be placed on the lunar surface in
2013-14. The participants will have the opportunity to include their own instrumentation,
landers and orbiters, ground segment elements or power supply. This will broaden the
scientific exploration of the Moon in the years to come and is another possible opportunity
for private space companies.
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8.2.3 Advertising
Advertisement could become an efficient way for entrepreneurs to generate additional
revenue for financing. Selling advertising space on a lunar rover or launch vehicle may be
one way of funding the cost of a GLXP team or future private lunar mission.

8.2.4 Lunar Data
From the very first mission sent by a successful GLXP participant, the data collected from
the sensors and payloads placed on the spacecraft, lunar lander and rover will become a
valuable source of information. An example is found in NASA’s Scientific Data Purchase
Program, whereby the space agency purchases remote sensing data from private companies
[Bruce, 2002]. If this scheme proves appropriate for lunar exploration missions, selling
science data directly to those interested would be a viable business opportunity. Otherwise,
this scheme could initiate a business relationship between space agencies and private space
companies that might later translate into business ventures.

8.3 Long-Term Business Opportunities
8.3.1 Robotic Missions
Many robotic missions will be needed to realize the various space exploration missions.
There are many exploration tasks that can only be performed by robotic vehicles. These are
areas for which the private sector can employ the use of robotic systems. Due to the sheer
number of robotic devices needed for lunar exploration identified by NASA, ESA, JAXA,
ROSCOSMOS, CSA, ISRO, and CNSA, there are many potential business markets for
GLXP participants in this field [NASA, 2008b&c].

8.3.2 In-Situ Resources Utilization (ISRU)
NASA plans to have a permanent Moon base by 2024. China, India, the European Space
Agency, and Russia have visions of building manned lunar bases post-2020. Mining the
Moon for resources is one of the requirements for establishing a permanent base. In-Situ
Resources Utilization is a key technology for human exploration and settlement on the lunar
surface. Lunar regolith is one of the future ways for producing some of the necessary sources
for human sustainability and vehicle propulsion. On the lunar surface, the main in-situ
resources that can be extracted are water, oxygen, hydrogen, and helium-3. Oxygen is the
most abundant element on the Moon. It is present as a chemical compound and can be
chemically extracted from the lunar regolith or from subsurface ice deposits. Hydrogen is
absent from the chemical composition of the regolith but is found implanted on the lunar
surface in very low concentrations (50-100 ppm) by the solar wind. Concentrations are
higher at the poles and in permanently shadowed craters (150 ppm) [Schrunk, 2007]. The
North and South Poles of the Moon are believed to contain water ice. Water is composed of
both oxygen and hydrogen, so perhaps only exploitation of water ice is necessary for
production of these elements [Schrunk, 2007]. These resources can be applied for propellant
production and human consumption. Another interesting possibility for lunar resource
utilization is related to the future development of nuclear fusion. Helium-3 attracts attention
as it can fuel a fusion reactor. Helium-3 is an ideal candidate for mining and sending to Earth
considering future energy supply shortages or restrictions on CO2 discharge, [Schrunk, 2007].
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8.3.3 Solar Energy
Solar energy is also one of the power sources available on the Moon [Space, 2002]. It has
long been suggested that solar cells could be produced from the materials present on the
lunar surface. In its original form, the proposal was intended as an alternate power source for
Earth, the power being transmitted to Earth via microwave beams. However, despite much
work on the cost of such a venture, the uncertainty lay in the cost and complexity of
fabrication procedures on the lunar surface. A more modest incarnation of this dream is to
create solar cells to power future lunar bases.
There seems to be no insurmountable barriers to producing the main raw materials required
for solar array manufacture on the Moon, including both the primary semiconductor material
and the structural materials required to manufacture arrays. Materials to produce silicon,
aluminum, and glass can be refined directly from the regolith using fluorine and a multi-stage
reduction process can separate out and purify the required materials [Landis, 2005].
The world needs to find new sources of clean energy. Space solar power gathers energy from
sunlight in space or on the lunar surface and transmits it wirelessly to Earth. It has the
potential to not only help, but actually solve Earth’s energy and greenhouse gas emissions
problems. Space solar power can provide large quantities of energy to each and every person
on Earth with very little environmental impact. In space missions, tested technologies are
preferable to innovations because of the risk associated with unproven technology. A
business opportunity from GLXP arises by sending a privately funded mission where a X
PRIZE participant uses solar cell technology to be tested in space. Companies developing
such technologies will require that its products be tested in space, so private missions could
create added-value by bringing this kind of equipment to the Moon.

8.3.4 Data storage
Some companies have expressed an interest in having an independent and secure off-site
data storage location as an alternative to the Internet. The Moon is an interesting place to do
so, and data storage comes as an interesting business opportunity for the future [Phoenix,
2007].

8.3.5 Burial (Memorial Space Flight)
There are some companies currently offering the possibility of having a burial in space. One
such company, Celestis Inc., performed the first lunar burial of Dr. Eugene Shoemaker in
1999 aboard the Lunar Prospector and has already signed contracts with Odyssey Moon and
Astrobotics, both of which are GLXP competitors. With an estimated $10M/kg of cremated
ashes in gross revenues, this could be a very lucrative opportunity. The rates of Celestis for
Lunar Burial services are provided in the following Table 8.1 [Celestis, 2008].
Table 8.1 – Celestis Memorial Spaceflights Services

Earth Orbit Service Option
Capsule Option(1 gram total)
Gemini Capsule Option (2 grams total)
Module Option (7 grams total)
Gemini Module Option (14 gram total)
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Price
$9,995
$14,995
$19,990
$29,985
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8.4 Recommendations
Recommendation #1 (Stakeholders: X PRIZE Participants, Space Agencies,
Timeframe: short-term):
GLXP participants should provide to the interested stakeholders a
prospectus stating the mission capabilities and profiles they are able to offer
commercially in the near term.
Distributing a prospectus describing the company’s specific capabilities will help the
interested customers to better understand the possible mission opportunities and
competencies.
Recommendation #2 (Stakeholders: X PRIZE Participants, Timeframe: short-term):
The GLXP participants should look for partners who could provide
subsystems or components at a reduced cost in exchange for technological
collaboration.
There are several companies and research institutions that will be interested in
actively taking part in the GLXP projects, providing components, services or even
complete subsystems at a reduced price to have an opportunity for technology
demonstration on the Moon.
Recommendation #3 (Stakeholders: X PRIZE Participants, Space Agencies,
Scientific Organizations; Timeframe: short-term, long-term):
The GLXP participants should pursue contracts or public-private
partnerships with space agencies for future business opportunities.
Space agencies are very interested in partnering with private space companies for
their missions. Space agencies will gain from this partnership. Private space
companies should take advantage of this.
Recommendation #4 (Stakeholders: Space Agencies; Timeframe: immediate):
Space Agencies should follow the development of the GLXP projects to
clearly identify the possibilities they offer in terms of lunar exploration,
management of private exploration missions, and technology development.
The Space Agencies have shown interest in the GLXP competition results, as it
offers good opportunities to obtain data and to place payloads on the Moon. A
careful monitoring of the evolution of these projects would help the national
agencies to learn new approaches to exploration mission management, allowing
them to focus their efforts and budgets on other high-demand tasks of their
exploration programs.
Recommendation #5 (Stakeholders: X PRIZE Participants, Space Agencies;
Timeframe: long-term):
The GLXP participants should aim to achieve future robotic capabilities
needed by space agencies.
Space agencies are currently establishing future lunar architecture plans with an
enhanced role for robotic missions. GLXP participants should determine what
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specific robotic tasks are needed and develop capabilities to fulfill these needs. This
will give them a business opportunity on future missions.
Recommendation #6 (Stakeholders: X PRIZE Participants, Private Space Sector,
Scientific Foundations; Timeframe: short-term):
GLXP competitors should consider sending small ISRU-related technology
demonstration experiments to the Moon as part of their mission.
Although using resources on the Moon is a mid- to long-term goal, space agencies
and organizations are currently working on the development of lunar ISRU
technologies. GLXP participants should develop technologies that will help agencies
in ISRU activities on the lunar surface.
Recommendation #7 (Stakeholders: X PRIZE Participants, Timeframe: short-term,
long-term):
The GLXP participants should analyze spin-off opportunities.
Technology spin-offs coming out of space exploration missions are an important
means of future market opportunities for space entrepreneurs.
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______________________________________Chapter 9

9 The Future Starts Now

9.1 Alternate Futures
The Google Lunar X PRIZE (GLXP) has the potential to influence our lives through rapid
growth of technology, facilitating access to new resources, and changing human’s perception
of space. These effects can translate into politically influential structures and international
organizations to promote common benefits and international cooperation. What are the
elements of GLXP that can have a long-term social influence? How can these elements be
useful for the stakeholders and their future? These questions, and the answers to them, might
lead to considerations for enhancing aspects of the competition itself.

9.1.1 Transformational Society
It is now more than over thirty years since the last human being stood on the lunar surface.
This hiatus in space exploration is now on the verge of being overcome. A renewed strategy
for progressive Moon exploration has been agreed upon under the coordination of the
International Lunar Exploration Working Group (ILEWG) in four phases: 1) precursor
missions, 2) landers, 3) resource utilization, and 4) deployment of large infrastructures for
human permanent presence [Foing, 2004]. These views are largely expressed as happening in
a society in the future that is organized around a set of overarching traditional values, a socalled disciplined society [Dator, 2002]. National space agencies of different countries only
cooperate if both parties have benefits. There are short-term justifications to pursue such a
narrow vision of space exploration.
Such plans do not articulate strategies for a multi-generational program intended to achieve
goals that cannot be achieved during a lifetime, like a global political system or a network of
commercial space explorers. Such a transformational society, with the emergence of new
forms of beliefs, behaviors, and organization [Dator, 2002], does not seem to fit into an
exploration strategy. We argue that governments, space agencies, X PRIZE Participants, the
X PRIZE Foundation (XPF), scientific and technological foundations, and UNCOPUOS
should express plans with the assumption of a transformational society in their exploration
strategy. This, for instance, could include a new global governance system or a network of
commercial space explorers focused on shaping the long-term future. A transformational
exploration strategy could yield extra attraction from the general public to space endeavors
[Dator, 1995; Dator, 2004].

9.2 Government Investment in Space Exploration
A National Science Foundation (NSF) random sample survey data (1998 and 2001) indicates
a direct correlation between the public’s positive attitude toward science and technology, and
support for governmental funding of basic research and investments in space exploration
[NSF, 2001]. Figure 9.1 illustrates this point.
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Figure 9.1 – Support for Government Funding in Scientific Research

In the 2001 survey, 81 percent of NSF respondents’ in a random survey agreed with the
following statement: “Even if it brings no immediate benefits, scientific research that
advances the frontiers of knowledge is necessary and should be supported by the Federal
Government” [Indicators, 1998]. The reasoning was that basic science research investment
would lead to technology advancements that translate into social benefits. Social benefits
increase support for science among the public. Figure 9.2 illustrates this sentiment.

Figure 9.2 – Cyclic Trends in Technology Advancement and Public Support

The more money that is spent on technological development, the faster the rate of
development and the greater the importance of the role of space and technology in society.
Evidences of this trend can be seen while examining the cold war budgets of the U.S. for
Research and Development (R&D) [Douglass, 1999]. As can be observed in Figure 9.3
below, the increased budget during late 50’s in U.S. coincide with the improvements in
technologies related to space and computers. Also, the start of the Strategic Defense
Initiative (dubbed, ‘Star Wars’) coincides with expanded funding again during the 1980’s,
which resulted in the growth of communication satellites. This new communication method
changed space into an important part of our life today.
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Figure 9.3 – Total Federal Funding for R&D and for Basic Research:
1957-1997 (in million 1987 Dollars)

9.2.1 Need for Government Investment
The arguments made above indicate the need for governments to support space exploration
and research. There are some examples of current governmental funding initiatives for space
exploration. In the Strategic Plan of the Office of Space Commercialization, the U.S.
Department of Commerce states “Promote and coordinate increased U.S. private sector
participation in the design and development of U.S. Government space systems and
infrastructures, and encourage U.S. Government agencies to make space activities,
technology, and infrastructure available for private use to the maximum practical extent.”
Similarly, in Europe, encouraging private investment through long-term commitments by the
public authorities is one of the future priorities stated in the European Space Policy Act
(Commission Green Paper of 21 January 2003 on European Space Policy); however, these
initiatives are not sufficient. One way to overcome the lack of governmental support is to
create public-private partnerships (PPP) between private space companies and space
agencies.

9.3 Public-Private Partnerships
The GLXP teams should undertake public-private partnership (PPP) lunar missions with
national space agencies. These partnerships would be potential sources of revenue and
technology to the teams. For the space agencies, these partnerships will help address their
space mission needs. Because of budgetary constraints, space agencies are restrained in
developing and deploying new missions. New missions require the allocation of scarce
resources that are already stretched. Partnerships with private space companies will provide
the means to pursue shared missions at reduced costs. Partnerships with private space
companies will lead to quicker development of lunar-qualified technology. After the
competition, GLXP teams should continue to undertake these PPP lunar missions with
national space agencies. This will ensure long-term commitment from national agencies to
engage with private space companies. Space agencies, GLXP teams, and other private space
companies will have mutual benefits from a technological partnership. Some of these
benefits are outlined in Table 9.1.

55

The Future Starts Now
Table 9.1 – PPP Benefits

Stakeholders

Space Agencies

X PRIZE Foundation

Benefits
1. Budget and time savings
2. Deployment of new additional missions to
current lunar exploration plans
3. Technology demonstration opportunities
4. Availability of commercial payload services
5. New providers of lunar qualified technologies
6. Prestige and recognition as a player in the arena
of space exploration
7. States’ financial and liability guarantees
8. Possible technology and knowledge transfer

9.3.1 Current Lunar Exploration Mission: Potential for PPP
Today, many countries are entering a new wave of space exploration – one of historic
significance and transformational reality. The United States has developed its Vision for
Space Exploration; the European Space Agency has its Strategic Plan 2020, Cosmic Vision
2015-2025, and long-term vision for international space exploration; China has its lunar
exploration program (Chang’e Program) and Japan its JAXA 2025 Vision, see Table 9.2 for
details. Moreover, China, India, Japan and Russia have ambitious national projects to explore
the Moon and Mars, while future national missions are being discussed in Canada, Germany,
Italy, the Republic of Korea and the United Kingdom [NASA, 2007]. These space
exploration visions have translated into lunar exploration missions, both private and public
(see Table 9.3).
Table 9.2 – Current National Space Exploration Strategies
State or International
Organization

United States

Document

Vision for Space
Exploration
Strategic Plan 2020 1,

ESA

Cosmic Vision 20152025 2,
ESA long-term vision
for international space
exploration 3

Lunar Exploration Main Objective
Undertake lunar exploration activities to
enable sustained human and robotic
exploration of Mars
Development of a lunar landing system,
enabling the implementation of
autonomous, automatic European lunar
exploration and participation in
international human lunar surface
missions by 2020

China

Lunar exploration
program
(Chang’e Program) 4

Set up a base on the Moon and mine its
riches for the benefit of humanity

Japan

JAXA 2025 Vision 5

Set up a human lunar base

1

http://www.esa.int/SPECIALS/Space_Exploration_Strategy/SEMBKB0YUFF_0.html
http://www.esa.int/esaSC/SEMA7J2IU7E_index_0.html
3 http://www.esa.int/SPECIALS/Space_Exploration_Strategy/SEMV2D0YUFF_0.html
4 http://www.cnsa.gov.cn/n615709/n772514/n772543/93747.html
5 http://www.jaxa.jp/about/2025/index_e.html
2
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Table 9.3 – Currently Planned Lunar Missions

Future Lunar
Mission

Chandrayaan-II

Chang’e Program

Focus
To land in cooperation with Russia a motorized
rover on the Moon in 2011 or 2012 as a part of its
second Chandrayaan mission. The rover will be
designed to move on wheels on the lunar surface,
pick up samples of soil or rocks, do in situ chemical
analysis and send the data back to the ground
To map and study the Moon and the near-lunar
region

Lunar Exploration
Orbiter3

Lunar remote sensing

Lunar
Reconnaissance
Orbiter

To map the lunar surface and characterize landing
sites for future missions to the Moon

GRAIL

LADEE
International Lunar
Network

Lunar
Global

To determine the structure of the lunar interior,
from crust to core and to advance understanding of
the thermal evolution of the Moon; extend
knowledge gained from the Moon to the other
terrestrial planets
To determine the global density, composition, and
time variability of the fragile lunar atmosphere
before it is perturbed by further human activity
To provide an organizing theme for all landed
science missions in the 2010s by involving each
landed station as a node in a geophysical network
Space complex ensuring obtaining scientific results
of great importance on internal structure of the
Moon and its crater Aitken on the South Pole of
the Moon; natural sources exploration; studies of
influence of the incoming corpuscular fluxes and
electromagnetic emission on the Moon

Public

India (ISRO)

China
Germany
(DLR)
United States
(NASA’s
Robotic Lunar
Exploration
Program)
United States
(NASA)

United States
(NASA)
United States
(NASA)

Russia
Roscosmos

Moonlite

To explore the mysterious far side of the Moon

United
Kingdom

Moonraker

To study the lunar surface, perhaps at the poles or
in the giant impact crater that resides on the far
side of the Moon

United
Kingdom

To put two probes on the lunar surface – one at
each pole – to do science experiments

Aerospace
company
Astrium UK at
the request of
ESA

MoonTwins
(Moon
Technological
Walk through and
In-situ Network
Science)
MoonNext
SELENE-2
Google Lunar X
PRIZE

To land, survive and carry out robotic operations
on the lunar surface
To test a landing technology and to investigate the
origin of the Moon
To safely land a privately funded robot on the
surface of the Moon, travel 500 meters over the
lunar surface, and send images and data back to the
Earth

Private

Consortium
including
Surrey Satellite
Technology
Limited
Consortium of
space interests,
including
Surrey Satellite
Technology
Limited

European
Space Agency
Japan (JAXA)

Yes
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Space agencies have already acquired substantial practical experience through past missions.
This experience spans both successful and failed missions. Through these experiences and
due to the current operational limitations, space agencies have planned to coordinate their
lunar research architecture. Consideration of the fact that cooperation is an operational
requirement, both in terms of cost and expertise, has fostered the appearance of new
concepts such as the Global Exploration Strategy and the International Lunar Network,
developed within the framework of the ‘Exploration initiative’. In regard to the lunar
research cooperation initiative, the creation of the International Lunar Exploration Working
Group (ILEWG) was the crucial point of departure in space cooperation [European Space
Agency, 2003].
The ILEWG was created to support “international cooperation towards a world strategy for
the exploration and utilization of the Moon – our natural satellite” and to discuss and
possibly harmonize the draft concepts and plans of world space agencies in the spirit of the
Beatenberg Declaration [ESA, 2007]. Since then, the major space faring countries have
investigated and pursued appropriate forms of international collaboration. International
collaboration needs strong participation from the private sector. Much of the technology for
space exploration will be created by, or in partnership with private space companies. PPPs
are an ideal mechanism to involve private space companies. Space agencies should focus on
the critical and lead edge technologies that require huge up-front investments. Space agencies
should encourage the private space companies to take up developmental initiatives in the
long-term. Governments can assist by stimulating links between the public and private
sectors in innovative ways – for example, prize funds in the Framework for Coordination of
Global Exploration Strategy [NASA, 2007].
As emphasized in the Framework for Coordination of Global Exploration Strategy [NASA,
2007], exploration of the Moon also has a number of potential opportunities. For example,
Moon rocks are rich in oxygen [ESA, 2004b] that might be exploited to provide life support
systems for lunar operations. The Moon’s known abundance of Helium-3 [Wakefield, 2002]
could prove valuable if fusion reactors ever become feasible in the future. All these future
commercial ventures will have to be undertaken by private space companies in partnership
with national agencies, again a potential PPP opportunity. Two of these potential PPP
opportunities are explained below.

9.3.2 Synthetic Environments
A committee of computer scientists, engineers, and psychologists on the leading edge of
synthetic environment (SE) development have explored the potential applications of SE in
the areas of manufacturing, medicine, education, training, scientific visualization, and teleoperation in hazardous environments [Durlach, 1995]. These findings might be implemented
in the field of lunar exploration as well. In fact, NASA is targeting the first experiment in
virtual exploration for the Lunar Crater Observation and Sensing Satellite (Day, 2008) that is
scheduled for launch later this year as a secondary payload of the Lunar Reconnaissance
Orbiter (LRO) [Boyle, 2007]. LCROSS is designed to send a probe crashing into the Moon,
and then analyze the composition of the debris thrown up by the impact. The results could
tell NASA planners how deep they would have to dig to find water ice and other materials
that will be useful for lunar exploration [Day, 2008]. However, there are concerns that such
virtual exploration would blur the lines between virtual reality and physical reality. A longrunning theme in science fiction, for example, is the addictive nature of virtual worlds [Foust,
2007], causing people to favor them instead of the physical world. As virtual space
exploration becomes more sophisticated, might people be less interested in real spaceflight?
Will people be interested in watching humans return to the Moon when they can walk on a
virtual representation of the lunar surface whenever they want? These worries are probably
overblown. The Director of NASA has tried to counter this explanation against virtual
exploration: “I think it supplements reality and makes it a lot more real,” he said of virtual
reality. “The purpose of this is to use it as a tool to expand our consciousness and our ability
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to experience the universe. I’m quite excited about this and I’m not really worried that we’ll
end up where everyone lives in some imaginary world.” [Foust, 2007]

9.3.3 Lunar Virtual Reality
Virtual reality is a technology that allows a user to interact with a computer-simulated
environment, be it real or imagined. The first instance of virtual space exploration was Lunar
Explorer Virtual Moon [Lunar Explorer, 2008], based on the best available data on lunar
topography from NASA’s Clementine mission in 1994, and Earth-bound telescopes. This
was similar to the experience of astronauts on the Moon. The world might be ready for
another virtual reality experience of the Moon in a more realistic fashion. Roving on the
lunar surface, giving commands, responding to lunar conditions, and manipulating objects
effectively in a virtual Moon environment would be a stimulating experience. The GLXP
teams should collaborate with the amusement industry to create these virtual reality films
(IMAX 3D) and use them as an effective outreach tool. These films have the potential to
inspire millions of young children around the world. The effects of these outreach initiatives
will percolate from the children to their families and beyond. If the GLXP teams are able to
provide a stimulating experience of the overview effect to the public, it might turn out be a
strong business opportunity.

9.4 Long-Term Future
The XPF has defined its mission as “to bring about radical breakthroughs for the benefit of
humanity.” One of its stated purposes is to excite the global public by “increasing the
connection that individuals around the world feel to space exploration, science, and
education by taking advantage of new tools for the rapid and targeted distribution of
information”. Looking into the future with these long-term effects, the GLXP can be part
of a “long tradition of central projects” [White, 1962]. According to White’s argument in his
book, ‘The Overview Effect’, these central projects, such as Gothic cathedrals and Pyramids,
are catalysts for social transformations. They are the means of focusing the energies of a
population during a transition. The GLXP can be a means to make space exploration our
central project to attract enthusiasts and minds of the people, and educate the population.
Certain long-term factors need to be addressed for this transformation to occur. Slow
process of social change requires long-term efforts of diverse social groups: As Peter Norvig,
Google’s Director of Research, stated: “[…] the proliferation of new technology into
everyday life is a complex social process involving entrepreneurs, venture capitalists,
international corporations, politicians, consumers, and dumb luck.” [Norvig, 2007]. Lack of
efficient communication between space enthusiasts and space experts: Although there are
several networks of experts and enthusiasts in the space field, there is no unified
communication channel. The XPF should establish an information distribution network that
includes students and enthusiast with ideas, the commercial space sector, and international
organizations, to promote communication among all those interested in space exploration.
Such a network will also be useful in the long-term for the space community.

9.4.1 Lunar Property Rights
The GLXP competition reopens the issue of property rights on the Moon. Given the
inherently costly and challenging nature of lunar utilization, any future commercial endeavors
on the Moon will have to be realized through the involvement of both private and public
entities, and through international cooperation. As this legal issue impacts future businesses
on the Moon, guidelines on lunar property and usage rights must be clarified. Regardless of
where the private or public entity is vested, it must be able to conduct its ventures on the
Moon under coherent and consistent legal guidelines [Baumann, 2005]. Such guidelines will
have to be established in an international forum. There are existing international
organizations (UNCOPUOS, the International Lunar Exploration Working Group, etc.) that
deal with these issues from a legal and scientific perspective. UNCOPUOS is the natural
candidate for a central agency for international lunar regulation.
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9.5 Recommendations
Recommendation #1 (Stakeholders: Governments, Timeframe: long-term):
Governments should develop multi-generational programs, helping humanity
achieve goals that cannot be achieved during a lifetime.
One example of such a higher goal would be traveling to Alpha Centauri, at a
distance of 4 light years the closest star to our Solar System. Future fusion
technologies could potentially decrease the flight time to as low as 120 years.
Addressing such a multi-generational program, which makes space exploration the
central project of humanity seeking a higher goal, will lead to increased public
enthusiasm for space.
Recommendation #2 (Stakeholders: X PRIZE Foundation, Timeframe: short-term,
long-term):
The X PRIZE Foundation should convene and form an information
exchange network of students, space enthusiasts (SEDS, SGAC, Space
Alumni etc.), commercial space and international organizations like Division
of Ethics of Science and Technology of UNESCO (COMEST).
In this way codes of conduct for lunar activities could be developed and
disseminated. This would help maintain a peaceful and ethical lunar exploration
future.
Recommendation #3 (Stakeholders: Governments, Space Agencies, X PRIZE
Participants, X PRIZE Foundation, scientific and technological Foundations,
UNCOPUOS, Timeframe: short-term, intermediate, long-term):
A space exploration vision for a transformational society which sees the end
of current forms and the emergence of new forms of beliefs, behaviors and
organization should be expressed by all these stakeholders.
If these stakeholders express their visions on how the future could be like, it will
cause the public to create their own ideas. Such visions could yield increased
attraction from the general public to space endeavors.
Recommendation #4 (Stakeholders: X PRIZE Foundation, Timeframe: intermediate,
long-term):
The X PRIZE Foundation should award bonus prizes for GLXP teams that
employ virtual reality lunar simulations and films for outreach.
A virtual reality lunar simulation, film, or game has the potential to capture the
imagination of millions of people from all over the world, especially young children.
Executed prudently, this would be a powerful outreach tool.
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Recommendation #5 (Stakeholders: Space Agencies, X PRIZE Participants,
Timeframe: short-term, intermediate, long-term):
The X PRIZE Participants should undertake and after the competition
maintain Public-Private Partnership (PPP) lunar missions with national
space agencies to ensure long-term commitment from national agencies to
engage with private space companies.
These partnerships would be potential sources of revenue and technology to the
teams. For the space agencies, these partnerships will help in addressing their space
mission needs. After the competition, GLXP teams should continue to undertake
these PPP lunar missions with national space agencies.
Partnerships with private space companies will provide the means to pursue shared
missions at reduced costs and to quicker the development of lunar-qualified
technology. This will ensure long-term commitment from national agencies to
engage with private space companies. Space agencies, GLXP teams, and other
private space companies will have mutual benefits from a technological partnership.
Recommendation #6 (Stakeholders: GLXP winner, Timeframe: intermediate, longterm):
GLXP winners are to some extent as important as astronauts – they are the
“envoys of humankind” on the terrestrial level. There should be a UN
Resolution to confer this status on the GLXP winners.
This will reinforce the pace of the GLXP outreach program, aid these envoys in
their promotion of GLXP’s conceptual ideas and inspire new generations by sharing
their unique experiences to emphasize the crucial importance of future lunar
exploration missions.
Recommendation #7 (Stakeholders: X PRIZE Foundation, Academia, Space
Agencies, Timeframe: short-term, long-term):
Space agencies educational programs should consider supporting the X
PRIZE Foundation.
Most space agencies have within their structures an organizational unit dedicated to
educational programs. These departments are in close contact with universities or
other academic institutions that train and educate engineers. In this way the
information about the GLXP competition will spread all around the world. On the
national level the fullest coverage of talented prospective participants is ensured.
Recommendation#8 (Stakeholders: Space Agencies, Timeframe: short-term, longterm):
All agencies should annually send at least one person to work within a GLXP
team.
It is very important in today’s competitive market, with a growing private
component, to have experienced personnel with an insight into both public and
private approaches to space activities. This will lead to technical interchange and
develop a better understanding of how to integrate agency and private space
activities. This would provide significant benefits for the private companies as well
as for the agencies.
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____________________________________ Chapter 10
Unser Schuldbuch sei vernichtet! Ausgesoehnt die ganze
Welt! Brueder, ueber'm Sternenzelt

10 Epilogue

The account of our misdeeds be destroyed! Reconciled the entire world!
Brothers, above the starry canopy
An die Freude (Ode to Joy) — Friedrich Schiller (1759-1805)

An evening in the summer of 2008, in Barcelona. For some time, darkness eclipses the
Moon. Thirty individuals assemble under an institution founded on the firm belief of the
potentials of an international, interdisciplinary, and intercultural approach to common
concerns of humanity. For several weeks, creative energies and ideas have been flowing from
pens and computer screens. Far away, people rejoice in nationalistic pride evoked in the
Olympic Games. Even further away, people mourn the senseless deaths and destruction of
war. But at the International Space University’s Space Studies Program, a steady vision for
the future of all humankind is being molded.
These thirty individuals are part of a team called Noumenia — a name originating from
Ancient Greek, which denotes the sacred concept of ‘the end and the beginning of things’
in the phase of the New Moon. Some are professionals with numerous valuable years of
experience at national space agencies. Others are starry-eyed graduates venturing into the
whole new domain of space studies that they never realized held such great potential. Some
are engineers by training, yet grappling with convoluted concepts of business and policy they
never before dealt with. Others are lawyers and private entrepreneurs trying to come to
terms with the technical language of the sciences. In this fusion of backgrounds, expertise,
and interests, each person represents the variety of cultures and countries of the world’s
continents. All have discovered the extraordinary value of working and thinking beyond their
traditional mindset in order to produce fresh ideas guided by common ideals. All are united
by the aspiration to create a report that will remain influential and original in the years to
come.
The process of coming together and working together has not been easy. This is not
simplified by our mission to analyze the Google Lunar X PRIZE (GLXP), and forecast the
potential opportunities and challenges that stakeholders face before, during and after this
historic event. Yet, Noumenia has been driven by a vision of a future for humankind based
on the very fundamental principles of international understanding, mutual exchange, and
coexistence that has held this diverse team of individuals from varying backgrounds together.
Much of this spirit of ingenuity and internationalism has been captured in the preceding
analysis and recommendations; all of them relevant and influential for the whole of human
society.
The GLXP may only just be a small step for space exploration activities. However, it
represents a giant leap in changing the common perception that space is but a distant realm
enjoyed by those with the capabilities and spare financial and human resources to do so. For
a long while, the Moon seems to have been overshadowed. Now, the Moon is offering
humanity an opportunity to depart from mistakes of the past, in the pursuit of a desired and
shared future. A future not divided by borders, cultures or prejudices, but joined by a
common purpose. Curiosity and the urge to learn and discover are what drive us. Innovation,
the desire for peace and valuing the need for collaboration act as our compass.
Slowly, the eclipse subsides. Revealed once more, the full bright face of the Moon, radiant
with hope.
… a new phase of the Moon is already beginning.
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Appendix A Diversity Rover Project
“Unity in Diversity”
Motto of the European Union

A.1 The Diversity Rover Project: “Placing 50 Flags on the
Moon”
Imagine the barren lunar surface, one day in the not too distant future. Planet Earth hovers
over the horizon of the Moon. From this great distance, where few have gone before, our
planet looks so tranquil. All countries and territories seem to have merged as one.
Suddenly something stirs. A rover – a messenger from Earth – on its lonesome path to
discover the mysteries of space beyond our home planet. This is the rover ‘Diversity’,
traversing slowly but steadily over the surface of the Moon, its onboard cameras eyeing the
Moonscape curiously. Imprinted behind is the historic track in the lunar regolith that will
leave as deep an impression on humankind as those famous footsteps on the Moon decades
ago.
But Diversity is different from previous robotic explorers. Diversity is an emissary built by the
dedication and collective efforts of professionals from the peoples and cultures of those
countries that have traditionally been left out of the space age due to their lack of forwardlooking policies and access to technology and funds. Reflected in the bright glow of Earth
along the edge of Diversity are dozens of flags from across the world’s continents, each a
reminder of people who made the rover possible. It is an inspiration for opportunities in the
future exploration of outer space as populations pool together their creative energies,
finances and resources in the pursuit of a common purpose that trumps the national
ambition of one or a few select States.
Back home, billions of men, women and children gaze at the live images Diversity is beaming
back from the same Moon that has awed people throughout time. This is a world event, a
defining moment in history as Diversity carries 50 flags across the lunar surface in united
human endeavor.
This vision is not a dream. It can be realized with the right initiatives and support. The
‘Diversity Rover Project’ is proposed to the UNCOPUOS to grant people in developing
countries an unprecedented opportunity to take part in a multi-national space mission within
the context of the GLXP.

A.1.1 Project Description
The task of the Diversity Rover Project is to develop a rover that enters the GLXP as part of a
competitive team. The project shall be set up in such a way that people in every Member
State of UNCOPUOS are allowed to take part. Currently, many of the Member States of
UNCOPUOS do not have the will to be involved in space missions. Though space is
supposed to be the “province of all mankind”, space activities have until now been perceived
as a privilege of space-faring nations.
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The main limitations that prevent developing countries from entering the space arena
include: absence of forward policies, lack of funding, shortage of expertise and facilities, and
regulatory impediments to the transfer of technology and knowledge. This is directly related
to the current situation within the GLXP, as the XPF has not yet succeeded to create a true
worldwide involvement in the competition.
We envision certain goals. The first would be to foster international cooperation on an
equitable and mutually acceptable basis. The legal foundation for this is already contained in
the OST, and has been reaffirmed at the UNISPACE III [Vienna Declaration 1999]. This
includes the encouragement of all Member States of UNCOPUOS to be engaged in the
exploration and use of outer space, regardless of technological or economic development
and regardless of space-faring capability. It is linked to the dissemination of technological
and social benefits that derive from space activities, inherent obligations of the existing
international space law framework. All this leads to the use of space technologies to
contribute to human and other developments in the fields of science, technology and
education, and in helping to boost the economies of developing countries.
Second, we aspire to meet the GLXP’s aim to bring space to all of humankind, and make it a
truly global event and activity. As the GLXP includes a diversity bonus, we want this project
to result in a successful competitive team in the GLXP that has a good chance to win and
also to win this bonus. There is no more original and effective manner to satisfy the diversity
requirement than to include peoples and resources from around the world.
Here we do not discuss the launch, cruise and landing of the rover. The following outline
covers the development and operation of the Diversity machine itself. The necessary
resources have been subdivided into four categories: Development Personnel, Facilities,
Expertise, and the Diversity Rover.
The core of the project will be the development personnel who are going to develop the
rover Diversity. These talented researchers, designers, engineers, and managers will be
nominated and selected by the participating countries. As a first estimate, the cost of human
resources for a three-year period is estimated to be in the order of EUR 200-225,000 (based
upon current salaries at EU post-doc level). These costs include housing, salaries, travel and
additional expenses such as hospitality. Throughout the duration of the Diversity Rover Project,
personnel from each of the participating countries will work in an international environment
conducive to exchanging expertise and knowledge. Upon completion of the project, the staff
will have gained much experience and understanding of building and operating a rover, and
will have become familiar with the intricacies of involvement in space activities in general.
With this acquired expertise and knowledge, the personnel are expected to return to their
respective countries and help to develop or boost their local space industry—as engineers or
scientists, in the development of new business opportunities, in advising government and
policy, and in education to inspire their own next generation.
For the development team to work in an international collaborative project, a fixed location
will be required for the facilities. These facilities shall include a design center, an integration
facility, and internal testing capabilities. A location such as the International Space University
(ISU) in Strasbourg, France, would be an ideal location for this project due to its
international nature of the institution, its location in a State with few impediments on
technology, and with access to local external testing and fabrication facilities which can be
used as needed.
Expertise beyond the development team will be needed to design and build the rover and
will be provided by external organizations and subject matter experts. These external experts
will be funded through donations as a means of reducing the burden of the individual
countries. Additionally, as this is a formal project, an internal management team will be
required, staffed by experienced personnel drawn from the participating countries. Research
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facilities and organizations affiliated with the ISU will be encouraged to volunteer their
expertise and capabilities to ensure the success of this unique experiment in international
cooperation.
The costs of the rover will be divided among the participating countries. The expenses for
the development, construction and testing of Diversity are estimated to be approximately
EUR 8 million [NASA’s AMCM]. Ideally, people in more than 30 countries would
participate, making the individual contribution a modest and reasonable investment. The
teams would call upon their own local industry to support this part of the contribution as a
space capacity building measure.
In terms of sharing intellectual property rights and benefits of results, the World Space
Observatory (WSO/UV) can serve as a very good example where all the gained knowledge is
shared within the participating countries (c.f. UNISPACE III) [A/AC.105/723, 1999]. At
least a part of the financial benefits flowing from the Diversity Rover Project should be
channeled back into the project organization to ensure the long-term sustainability of the
project and viability for the establishment of new projects, as well as to ensure that whatever
outcomes arise from the project, these can be maximized in the future. Our recommendation
is that Diversity Rover Project use a legal framework similar to that of the WSO-UV. At the
beginning of the project a feasibility study needs to be performed as was done by ESA for
the WSO/UV [Wamsteker, 2000]. KNOW-HOW and technologies developed and used in
the participating Member States can be readily spun-off towards terrestrial and industrial
uses.

A.1.2 Concluding Remarks
The above outline briefly summarizes the steps and workable mechanisms for realizing the
vision of the Diversity Rover Project. At this critical juncture in the history of space activities,
the GLXP will stimulate interest in space throughout the globe. It will touch the hearts of
future generations, and satisfy the desire of humanity for cooperation and unity by
marshalling creative energies and resources toward a common objective.
Imagine the countless many holding their breath at that final countdown moment as Diversity
prepares to launch. Imagine that exhilarating moment when the whole of humanity sees the
tranquil-seeming Earth through Diversity’s eyes. Imagine the pride and personal identification
with this great human endeavor when people around the world see their country’s and
Earth’s flag on the lunar surface.
These imaginations drive our proposal and dream of making space no longer a preserve of
the privileged few with space-faring capabilities. Instead, space can and must be the true
commons of humanity. This can be real only when people in all countries are given an
opportunity to be part of a breakthrough in human ingenuity and collective effort. The
Diversity Rover Project is key not only to fulfilling the primary objective of the XFP to engage
peoples around the world and make them part of the next defining step in space exploration.
Diversity also satisfies the visions and obligations contained in the OST, as well as various
other supporting documents circulated in the UNCOPUOS, which call upon people in all
States to participate in and share the benefits of space.
The future is before us, and diversity, international involvement and cooperation are the only
ways forward to the Moon.
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A.2 Recommendations
Recommendation #1 (Stakeholder: X PRIZE Foundation, Timeframe: immediate):
The XPF should adjust the rules so that an international team can
participate.
The Diversity project will involve a multi-national team in the GLXP. By having
UNCOPUOS initiating such a project, non space-faring states can share in global
space activities their benefits. Dividing costs among the participants makes the
project financially feasible. Expertise and facilities need to be donated and this is
feasible given the social aims of the project. Once this recommendation is executed,
the GLXP will truly become a worldwide movement, not to mention the impact on
public perception of the competition.
Recommendation #2 (Stakeholder: UNCOPUOS, Timeframe: immediate):
The UNCOPUOS should validate a proposal for the Diversity Project by
adopting a resolution within the Committee.
This project will make space missions achievable for developing countries that are
members of UNCOPUOS. By using a model of contribution of every country
within its capabilities, this project can be seen as the answer to the aspirations
contained within the OST and UNISPACE III to improve international cooperation
and bring social and technical benefits to the participating countries. The Diversity
Project can result in the involvement of all the member states of UNCOPUOS,
particularly the developing states, in one spectacular effort on the surface of the
Moon.
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Appendix B Environment Impact Tables

Table B.1 – By-Products and Impacts of common Rocket Fuels and Oxidizers

Type of
rocket fuel

Brief description of
fuel
Refined kerosene fuel

Fuel by-product
Carbon dioxide (CO2)

Environmental
issues
Carbon Dioxide

Carbon monoxide (CO)

Petroleum

Hydrogen gas(H2)
Water vapor (H2O)

Cryogenics

Hypergolics

Liquid oxygen and liquid

Hydrogen gas (H2)

Energy to keep

hydrogen

Water vapor (H2O)

fuels cold

Hypergolic rocket fuels

Carbon dioxide (CO2)

Carbon Dioxide

use two chemicals,

Carbon monoxide (CO)

Nitrate Ions

which ignite on contact.

Hydrogen gas(H2)

Hydrazine (fuel)

Examples include a fuel

Water vapor (H2O)

of monomethyl

Nitrogen gas (N2)

hydrazine (MMH) and

Nitrate ions (NO3)

an oxidizer is nitrogen
tetroxide (N2O4)
Fuel and oxidizer

Carbon dioxide (CO2)

Carbon dioxide

formed into a solid.

Carbon monoxide (CO)

Perchlorates 1

Solid fuel

Typical fuel is synthetic

Hydrogen gas (H2)

and

rubber with aluminum

Water vapor (H2O)

powder for fuel and

Hydrochloric acid (HCl)

ammonium perchlorate

Aluminum oxide (Al2O3)

oxidizers

as oxidizer
(Table adopted from Harwood, Robert S.; Karol, Igor L.; Jackman, Charles H.; Qiu, Lian-Xiong;
Prather, Michael J.; Pyle, John A., (1991))

1

The perchlorate is present as an oxidizer, not as a strict by-product of the reaction. Because some unburnt
material may be released as ‘slag’ during the burn, it has been treated in this document as a by-product.
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Table B.2 – Environmental Concerns with Current Rocket Propellants

Chemical

Environmental Concerns
As the products of this propellant combination are hydrogen gas and water
Hydrogen vapor, the burning of this fuel has a very negligible impact on the Earth
and
environment.
oxygen
Cryogenic fuels need to be kept very cold (Hydrogen 20 K, Oxygen 90 K) to
(Cryogenic remain in a liquid state. Energy is still required to generate the fuel and
Fuels)
oxidizer, and to maintain it at sufficiently cool temperatures; but will not be
discussed further here.
Popular media contain much opinion (and some misinformation) claiming that
launch vehicles create significant amounts of Ozone depleting substances (for
example see Air Conditioning, Heating & Refrigeration News (1990).
Ozone
Harwood, Robert S.; Karol, Igor L.; Jackman, Charles H.; Qiu, Lian-Xiong;
depleting Prather, Michael J.; Pyle, John A., (1991)have estimated that the contribution
substances from the solid rocket stages of an expected yearly launch schedule for the USA
would only contribute approximately 0.25% of the annual contributions to
stratospheric chlorine [U.S Environmental Protection Agency (2008)]. In the
stratosphere, one chlorine atom can destroy over 100,000 ozone molecules.
Hypergolic fuels are very toxic, which can be seen in the following two
examples. [Ramesham, R; Young, R and Ryan, M (2001)] describe hydrazine as
a “highly toxic compound that must not be allowed in the ISS”. [NASA Office
Hydrazine of Public Affairs, 2008] describes the potential for deadly exposures to
hydrazine should the disabled USA-193 satellite impact the Earth, and the
conclusion that the best option was to use a tactical missile to de-orbit the
satellite
Aluminum Solid rocket fuels produce aluminum oxide as a by-product. This topic has not
oxide
been included in this report. This topic merits further investigation
[Harwood, Robert S.; Karol, Igor L.; Jackman, Charles H.; Qiu, Lian-Xiong;
Prather, Michael J.; Pyle, John A., (1991)] state that nitrate ions are released
Nitrate
into the atmosphere from the combustion of hypergolic fuels. No research
ions
into links between these nitrate ions and acid rain has been included in this
report. This topic merits further investigation.
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Appendix C GLXP Rules Analysis

C.1 Scope
This appendix section includes an analysis of the current GLXP Guidelines, Version 2.0
[Google Lunar X PRIZE, 2008]. The complete guidelines document is examined so as to
find ambiguous requirements and information that needs to be clarified. Since there is a large
sum of prize money involved, the rules need to be very specific to avoid ambiguous
decisions and disputes in the competition. Several modifications are proposed to the
guidelines to provide clear requirements to the competitors and to create a reliable judging
basis for the GLXP judges. Since the GLXP Guidelines are under development, it is
envisioned that these recommendations can be enacted by the XPF before the competition
rules are finalized by January 1, 2009. On the whole it can be said that using case-by-case
evaluation of each event that deals with the rules, is not a good way of practice in terms of
liability. Since there is prize money involved, the rules need to be very specific so there can
be no ambiguous decisions. The analysis is based on this premise.

C.2 Guidelines Analysis
The section numbers refer to the actual chapters in the guidelines document.
2.2 Second Place Prize
It is stated that the Second Place Prize can be awarded before the Grand Prize in case a team
can successfully do a soft-landing. Since it is not the intention of the guidelines to exclude
the possibility of a survivable rough landing, this paragraph should be changed accordingly.
A different concept for this rule is recommended: that the second prize is only available for
the second team that meets all the requirements of the competition. After the end of the
competition (presumably 2014), if this prize is not been won, this prize may be awarded to a
team that only partially met the requirements due to an unexpected design failure, at the sole
discretion of Google.
2.3.1 Heritage Bonus Prize
The other sites of interest that satisfy the requirements of this bonus need to be specified.
A definite decision on landing near the Apollo sites and other specified sites must be made.
More analysis on the preservation of heritage sites is needed in order to protect them from
being damaged.
The XPF should initiate a conference with space agencies, States, and UNCOPUOS, in
order to coordinate which Apollo or other specified sites are considered as “heritage sites”
and which are not.
All lunar locations classified as heritage sites should be registered with UNESCO.
2.3.2 Water Detection Bonus Prize
There should be more specifications on what is needed to win this prize. Direct detection of
water may not be clear as written in the rules.
As an example, Lunar Prospector detected hydrogen and the scientific community suggested
this was clear indirect evidence of the possibility of water [Levy and Phillips, 2005]. In order
to be clear, it must be determined if direct evidence of water in the form of hydrated
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minerals or water ice is the basis of the rule, or if indirect evidence such as that found by
Lunar Prospector will be allowed. Therefore it is recommended that the water bonus
includes a requirement for finding water ice. However, the probability of winning the prize is
lower if water bound into minerals is excluded.
It is recommended that this rule be verified by external experts.
2.3.4 Survival Bonus Prize
The term “to operate” needs more explanation. It is recommended to include a requirement
that the CRAFT or secondary vehicle also be able to move on the surface after the lunar
night. Otherwise a fixed deployed device could also be considered to win this bonus if it
survives the lunar night – and this would not match the “spirit” of this bonus because a fixed
device is hardly capable of doing exploration.
On the other hand, there is a recommendation for the teams to have a device separate from
the CRAFT or secondary vehicle that is designed to survive the lunar night but does not
have the mobility capability, in case this bonus will not get defined in more detail until the
final version. This is because moving parts appear to have a high risk of failure after the cold
lunar night.
A certain amount of time should be specified within this rule, since the term “lunar day” is
not a clear expression. Due to the fact that this rule specifies that a team has to operate for
two lunar days, a possible solution would be to state clearly that the CRAFT or secondary
vehicle has to operate at least 60 Earth days with 24 hours each. This results in a total life
time requirement on the lunar surface of 1440 hours.
This time period should count from the moment the CRAFT or secondary vehicle has
landed on the Moon.
It should be decided that no nuclear material is allowed to be used by GLXP teams.
2.3.5 Diversity Bonus Prize
The requirements of this bonus are not clear. It is recommended that certain numbers for
nationalities and gender ratio are defined, and to include a measure for ethnic diversity.
The Diversity Rover Project, as it is recommended in Appendix 1, should be considered as a
good example for a team which would be suited to win this bonus prize.
3.2.2 Privately Funded
The rule stipulating 10% limit on governmental funding is one of the central issues within
the GLXP. The intention of the rule is to make sure that the GLXP competitors are mostly
privately funded, but also to make governmental payloads possible. As already mentioned in
the rules’ text, this rule causes difficulties for universities and students to participate in the
competition, as their schools rely greatly on government funding. To allow more teams to
participate in the competition the percentage of government funding needs to be increased
to 30%. This would allow universities and other teams like the Diversity Rover Project (Ref
Appendix 1) to take part in the competition.
3.2.3 Purchased Hardware
The following section in this rule should be deleted to provide less ambiguous content:
“TEAMs shall demonstrate to the Google Lunar X PRIZE Judging Panel that such systems
or system components can be bought in large quantities or are easily reproducible, as well as
demonstrating compliance with the principle of ‘Any TEAM, Any Nation.’ ”
4.3.2.3 Video Requirements
The term “near real time” needs more clarification since the XPF wants to broadcast the
event during the landing. It needs to be clear that a team has to deliver the arrival Mooncast
within a specified time period.
An additional quantitative requirement on the frame rate is needed to ensure that smooth
motion is guaranteed.
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4.3.3.2 Arrival Video
At the moment it is not specified if the audio track of the arrival video needs to be added on
the Moon and sent to Earth, or if it is allowed to add the track on Earth. Teams should
consider the latter as a possibility to reduce the amount of data that needs to be transmitted
from the Moon.
The XPF needs to examine the risk of failure of a near real time video transmission from the
Moon. If the reduction of the amount of data transmitted leads to a significant lower risk of
failure, the XPF should consider making the adding of the audio track on ground as an
option. Since the broadcasting of this video is of major interest for the public, any action to
ensure the success of the broadcast needs to be followed.
4.3.3.3 Arrival Images
A time constraint for picture delivery to the XPF is needed. This preferably should be similar
to the constraint for the arrival video.
4.3.3.4 – 4.3.3.6 XPF Data Set Aside: Video, Email, Text
The reference to section 2.3.5 for the description of the XPF Data Set Aside is incorrect.
4.3.3.7 Additional Video
The amount of shots for the video needs to be quantified.
The term “new perspectives” is not clear enough and needs to be explained in more detail.
4.3.4.1 First Motion Video
As the first motion video is very valuable for the promotion of the GLXP, it is important
that the first motion is visible from the very beginning. This means that another requirement
should be added that this video needs to start before the CRAFT or secondary vehicle begins
to move.
4.3.4.3 Looking Back Detail Image
This rule currently does not specify that the movement of 3 meters needs to be headed away
from the landing site. This should be included in order to assure a good visibility of tracks on
the picture.
The rule states that the tracks have to start at the landing site. Since alternative moving
methods like hopping, must not be excluded, the formulation of the rule should be revised.
As a possibility the word “starting” can simply be deleted.
The usage of the complete surface area as a measure is likely to prevent certain
configurations of the secondary vehicle. An alternative requirement would be to define the
minimum and maximum size of the secondary vehicle on the image itself.
4.3.4.4 Mid-Journey Video
It needs to be specified at what distance from the landing site this movie shall be taken as
specified for the Mid-Journey Self portrait. Otherwise the video might be taken right after
the Looking Back Video without having new exciting perspectives.
4.3.4.5 Mid-Journey Self Portrait
As it was addressed above for chapter 4.3.4.3 Looking Back Detail Image, the points concerning
the surface area are applicable to this rule.
4.3.4.8 End-Journey Self Portrait
As it was addressed above for chapter 4.3.4.3 Looking Back Detail Image, the points concerning
the surface area are applicable to this rule.
4.3.4.9 End-Journey Logo Detail Image
The size of the logo on the picture and the perspective needs to be specified in order to
assure the proper visibility of the logo.
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4.3.4.10 Waypoint Video
It should be stated more clearly that this video needs to be recorded during the whole
journey of the CRAFT or secondary vehicle in order to make it exciting.
In the current rule statement it is unclear if multiple shots at each waypoint are required.
Since the video will consist of different shots it needs to be decided whether these shots can
be assembled on ground.
4.3.5.1 XPF Set Asides
It is recommended to emphasize that the data package has to be uploaded to the S/C before
launch, but not be sent from Earth since this is the task of the data uplink mentioned in
chapter 4.4 of the guidelines.
4.5 Payload Requirements
For practical reasons, an additional requirement on the attitude of the stationary payload is
needed. The attitude of the payload is very important for the image taken of it.
A statement on the maximum volume of the payload would be very valuable for the teams
during the design process of the CRAFT or secondary vehicle.
More information regarding where the payload needs to be placed on the exterior is also
required.
5.5 Logo Placements
The space that can be used for logos is not clearly defined. A statement should be added that
the logo space is the surface area on the rover that can be seen by the camera(s) of the
CRAFT.
5.9 Launch Vehicle
XPF needs to define the relevant terms of a launch contract that they want the teams to
provide.
5.10 Launch Vehicle
The time frame for the launch delay notification should be quantified.
5.11.2 Encryption Requirements
The encryption key size should be specified.
5.11.3 Data Delivery to XPF Servers
The way in which the XPF wants the data to be delivered needs to be further explained.
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Appendix D Survey Results

D.1 Survey results
The online-survey has shown interesting results. The bell curve distribution centers on males
aged 26-35, but we obtained an approximately 20% female response. Another interesting fact
is the concentration coming from the United States (47%), although 33 different nationalities
participated.
When asked what their occupation was, there was a slight weighting on Students and
Academia (32%) due to the initial survey distribution, but respondents encompass most of
the space sector: 26% selected science-technology, 23% National Space Agencies and,
significantly, 16% chose the private or commercial space community. The occupation
distribution also indicated that only 2% of our sample came from people that identified
themselves with the Military. Therefore, there is a bias in this survey because Academia is
over-represented and the Military is under-represented.
This variety was achieved because of the high visibility that our survey received. The
websites, newsletters and mailing lists on which our survey was posted had at least 20,000
viewers. Some of the main mailing lists and web pages where the survey appeared are:
Spaceref.com, Nasawatch.com, Comspacewatch.com, SGAC mailing list, NASA ARC lists,
among others. After doing some statistical evaluation, we feel confident that this is a
representative sampling. Despite the small percentage of sampling and clicking errors that are
present in any survey, we believe in the value of the outcome.
The survey also asks specifically if the respondent represented one of the specific stakeholder
groups. A non-depreciable 37% identified themselves specifically as stakeholders. From this
subset, 37% were from National Space Agencies, 32% selected Academia and the 28% came
from the private sector.
Once this initial demographic data was collected, we asked the respondents to optionally
answer some short essay questions as well. A collection of the more interesting comments
obtained are listed below. The reader should be aware that there is no identity associated
with these quotes.
•

16% responded to the question regarding additional stakeholders that should be
added to the list:
Earth Safety, Futron Corporation, CEU Universidad, European Space Agency –
International Lunar Exploration Working Group, Space Generation UN Advisory
Council, CDTI (Spanish Delegation to ESA), California Space Education and
Workforce Institute, Planetary Society, and Entertainment corporations (Sony,
Warner Brothers), National Institute for Space Research.
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•

58% answered to “Can you provide details about your involvement or interest in
space activities?”
Areas of interest provided by the respondents were:
Instrumentation for sounding rockets, Advanced research and development of
power systems, National Space Society, small and large satellite development and
deployment, International relations, Long-term, Space Legal affairs (Policy, Treaties,
etc). Propulsion and core avionics for manned and unmanned flight missions, Space
Militarization, Missile Proliferation, Space Debris, Commercial Space
Transportation, International Space Cooperation, ICBM conversion for Low-cost
space launchers.

Participants were provided the opportunity to make additional comments. Some of the more
interesting examples are listed below:
• “We need a unifying challenge.”
• “Manage
program”

NASA's

technology

• “Full-time commercial space analyst
working for defence, civil government and
prize
commercial customers.”

• “I want to go to space!”

• “Working on the NASA strategy to
commercializing C&N at the Moon”.

• “I am interested in colonization in space.”

• “Interested to start new GLXP team.”

• “Senior member of core avionics • “As a global citizenship and international
development and innovation group for
investor who holds dual citizenship with
German Space Agency and Space geek
the USA and Peru-- Space represents a
since the Apollo era.”
frontier and realm in which people will be
able to look beyond nationalities and
• “Representative of the Canadian Space
cultural prejudices. I would potentially like
Program in Washington DC.”
companies and organizations to develop an
investment avenue in which private
• “Research, writing, speaking, advising on
investors such as myself could invest in
space issues over past four decades.”
projects helping advance our capacities to
be in space.”
• “Co-owner of Aerospace Engineering firm • “I have been extensively involved in human
involved in government and commercial
and some robotic space activities for over
space
development.
This
includes
20 years including significant program and
government and commercial lunar
mission responsibilities.”
missions (not Google Moon).”
• “A private 501(c) (3) non profit conducting • “Retired astronaut, consultant to NASA
NASA Centennial Challenge prize
and other organizations”.
competitions.”
• “Involved with NASA's COTS and Station • “Member of ARC's Robotic Lunar
Resupply projects - the most significant
Exploration Program (RLEP) team (2005contribution NASA has to commercial
2006), member of ARC's Common Bus
spaceflight, though my opinion is it should
Spacecraft development/hover test team,
be much larger.”
Launch Accommodation Lead for
LADEE”. “Looking at how NASA can
take advantage of a GLXP company once
they demonstrate an ability to land on the
lunar surface.”
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A smaller percentage, 23% of respondents, had useful comments regarding pricing and value
of sending cargo to the Moon. Yet there were a variety of comments on how someone
would use the Moon and its resources. The insightful ones are listed below:
• “Technology demonstration, perform • “The amount one is willing to pay is
remote sensing.”
dependent upon their requirements and
cost constraints. Our firm does not have
• “Planetary exploration rovers from
specific plans for a mission or payload.”
4,000 to 10,000 EURO Electronics:
500 gr.”
• “Build radio and optical telescopes on • “Interested in the international law
the Moon. Should be a large and
development component of exploration
globally led mission.”
and resource utilization of the Moon and
celestial bodies.”
• “I have been helping in the assembly • “Exploration and science similar to
of a team to soft land (or even crash)
Antarctic missions. I believe that the
on the Moon to make some
exploitation of Moon 'resources' is
technology demoing. We do not
pointless and frivolous unless it is to
expect to pay for sending a payload
sustain a Moon base or mission. The cost
there, but to demo the feasibility of
of a payload depends on a lot - mass,
regular Erath companies to focus on
dimensions, purpose, lifetime etc. I would
the Deep Space research in order to
concentrate the earliest missions on
get benefits (spinoffs).”
providing a short-term mostly selfsustainable living environment with the
• “I am willing to pay a total of
purpose of establishing a longer-term base
$30,000,000 to teams that land a
with a lifetime of between 5-10 years.
payload on the Moon, roam 500
Personally, I would prefer that a payload of
meters, and return two Mooncasts! ; )”
instruments for measuring chemical
compositions over time (to include the
effects of solar radiation and other cosmic
effects) be a priority.”
• “I'd like to go to the Moon, or film an • “NASA: data buys and service buy for
IMAX movie on the Moon.”
both lunar science and technology
demonstration/risk-reduction
Cost:
• “Ten grams (memento) USD$ 1000.”
~$800K/Kg. We are assuming the delivery
costs using a GLXP participant would have
• “For entertainment purposes - a
a mission cost (launch and lander) for
payload to the Moon is worth $20under $100M...this for a delivered payload
25MM.”
mass of approx 100kg to the surface.”
In conclusion, 31% of the respondents requested follow-up information, and a copy of the
report.
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