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Dear Readers:
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Introduction

U

nder its mission to increase and diffuse knowledge concerning humanity’s long-term future,
the Foundation For the Future conducts an
ongoing Humanity 3000 Program, convening workshops and seminars on an annual basis and a major
international symposium every five years. The program was designed in 1998 under the guidance of
the Humanity 3000 Organizing Committee, which
was composed of scientists, scholars, educators, and
futurists from North America, Europe, and Australia. The fundamental objective of the Humanity 3000
Program is to bring together at regular intervals a
changing roster of prominent thinkers from around
the world in a multidisciplinary framework to ponder
issues that are most likely to have a significant impact
on the long-term future of humanity.
A key issue that will have an impact on humanity’s
long-term future is space. Accordingly, the Foundation organized and conducted a workshop in June
2005 to bring together space experts, technologists,
and scholars concerned with space for face-to-face
discussions. The workshop was held at the Hyatt Hotel
in Bellevue, Washington USA. The primary intent
was to assess the state of knowledge with respect to
the major aspects of humans and space.

The Foundation’s goal is not to create a vision or
develop a decisive set of guidelines for the future, nor
does the Foundation advocate any particular cause
or position. Rather, its effort is to create forums for
scholarly discussions about the future and to distribute the results and records of those discussions widely
in the anticipation that an informed, bottom-up process of choice and decision-making will affect the
long-term future.
“Humans and Space: The Next Thousand Years”
followed five Humanity 3000 seminars, knowledge
workshops on nanotechnology and on the status of
humanity’s search for extraterrestrial intelligence, and
the first bidecadal Humanity 3000 symposium, held
in August 2000. The second symposium followed
the “Humans and Space” workshop in October 2005.
Proceedings of previous Humanity 3000 events may
be downloaded from the Foundation’s website [www.
futurefoundation.org].
Provided in this document are the transcripts of
the seven workshop presentations and all plenary and
small-group dialogic sessions.
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The Proceedings Sections

S

ummarized below are the contents of each Section
and Appendix of Humanity 3000 “Humans and
Space: The Next Thousand Years” Proceedings.

Section 1 cites the three critical questions that formed

the basis of thinking for the Humanity 3000 workshop
“Humans and Space: The Next Thousand Years.”

Section 2 summarizes the workshop, providing
details on goals, design and process, selection of participants, and key outcomes.
Section 3 contains statements prepared by the workshop participants, describing their thoughts about
humans in space during the next thousand years, the
main issues that will need to be addressed to actualize those thoughts, and the critical factors that will
give rise to human expansion into space in the coming millennium.

Appendix 1 is the workshop agenda, noting key activities from the opening reception to closing remarks.
Appendix 2 provides biographical information on the
nineteen participants in the workshop.
Appendix 3 is the transcript of the luncheon speech
by Dr. Krishnaswamy Kasturirangan, “India’s Space
Program.”

is the transcript of a special presentation by Dr. Pierre-Alain Schieb, “OECD Project on
Space.”
Appendix 4

Section 4 provides transcripts of the five speeches
and all dialogic sessions that composed the core of
the workshop.
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Section 1

Three Critical Questions
1. What are your thoughts about humans in space during the next thousand years?
2. What are the three main issues that need to be addressed to actualize those thoughts?
3. What are the critical factors that will give rise to human expansion into space in the coming millennium?

Humanity 3000 “Humans and Space: The Next Thousand Years” Proceedings



Section 1 | Three Critical Questions



Humanity 3000 “Humans and Space: The Next Thousand Years” Proceedings

Section 2

Workshop Summary

T

his summary provides an overview of the Foundation For the Future’s Humanity 3000 workshop
“Humans and Space: The Next Thousand Years,”
held June 23–26, 2005, at the Hyatt Hotel in Bellevue,
Washington USA. The workshop was documented
by video footage and still photography, in addition to
this published proceedings document.

Background and Purpose
Humanity 3000, an international seminar and
symposium series, is one of the major program components of the Foundation For the Future. In the
spring of 1998, the Foundation formed the Humanity
3000 Organizing Committee, composed of scientists,
scholars, educators, and futurists from North America, Europe, and Australia. This committee provided
guidance to the Foundation in the areas of program design, participant selection, and venue. Sesh
Velamoor, Deputy Director, Programs, integrated the
work of the Organizing Committee into the initial
seminar and symposium format, and Humanity 3000
was formally launched in 1999.
The purposes of Humanity 3000 are to use a multidisciplinary approach to assess the current status of
humanity, to identify the most significant factors that
may affect the life of the people of the Earth now and
into the thousand-year future, to map the territory
(past and present) of these factors and suggest trajectories, and to outline the problems and opportunities
related to these factors for the long-term future.
Workshops convened under the Humanity 3000 program apply these thinking strategies to individual
factors identified as important to humanity’s future.

Workshop Goals
A primary goal of the “Humans and Space” workshop
was to assess the state of knowledge with respect to the
major aspects of humans and space, specifically such
considerations as propulsion technologies, human
biology and conditions in space, global social/political/economic ramifications, and the future of humans
in space. The participants were asked to determine
and deliberate on the three most critical issues regarding the future of humans and space.

Participants
The Foundation For the Future invited leaders of the
world’s major space agencies as well as prominent
space experts, technologists, and scholars concerned
with the long-term future of humanity to come
together for this workshop. Ultimately, nineteen participants, representing six countries, took part.

Workshop Design and Process
Prior to the workshop, participants were asked to
develop and submit statements in response to three
key items: (1) Describe your thoughts about humans
in space during the next thousand years. (2) List the
three main issues that need to be addressed to actualize those thoughts. (3) What are the critical factors
that will give rise to human expansion into space in
the coming millennium? These statements, along
with brief participant bios, were made available to all
participants before the workshop commenced.
The workshop agenda was a blend of presentations,
plenary sessions, small groups of predetermined
participant composition, and time for more casual
conversations. Following the keynote and workshop presentations, the participants worked in small
groups to further flesh out the presentation subjects,
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then another set of small groups endeavored to determine the three most critical space issues for the next
thousand years.
The issues considered by these participants to be
the three most critical factors going forward concerning humans and space were (1) low-cost access, (2)
political/social considerations, and (3) technical survivability. Each of these topics was the subject of a
fishbowl discussion.
Full transcripts of all presentations and dialogue
sessions are included in this document.

Speakers
Aiding the assessment of issues related to “humans
and space” were five keynote presentations. At the
conclusion of the opening dinner on June 23, Dr. Peter
D. Ward gave the first keynote, on “Will We Leave the
Earth for Permanent Space Colonies?” Woven amid
the workshop discussion sessions were presentations
on “Miners of the Sky,” by Adrian Berry; “Space Technology and Environmental/Social Challenges for AD
3000,” by Dr. Karl Doetsch; “Why Mars?” by Dr. Laurence Young; and “Advanced Propulsion Systems,” by
Dr. Robert Frisbee.
In addition to these speeches, three participants
made presentations at the workshop: Dr. Krishnaswamy Kasturirangan spoke on “India’s Space
Program”; Yolanda Berenguer, on “Space and a
Decade on Education for Sustainable Development,
2005–2014”; and Dr. Pierre-Alain Schieb, on “OECD
Project on Space.”



Small Groups
Participants were preassigned to small working groups
to discuss the topics of the five keynote presentations.
These discussions were led by the presenters, who
then reported on the interactions and conclusions of
the small groups to the plenary.
In the second set of small groups, participants
engaged in conversations to reach agreement as to the
issues most critical to humanity’s long-term survival.
A plenary session followed, during which representatives of the groups shared the results of the group
discussions.

Fishbowl Discussions
Three fishbowl sessions were scheduled, each to take
up one of the “most critical” issues identified by the
earlier small groups. The topic discussed by Fishbowl 1
was “social and political factors” involved in the future
of humans and space; by Fishbowl 2, “low-cost access”
to space; and by Fishbowl 3, “technical survivability.”
The participants were assigned to topics by selfselection. In accordance with the fishbowl structure,
one-third of the participants conducted the main
portion of the conversation on a given topic while
the others listened and subsequently added their own
questions or commentary.
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Adigun Ade Abiodun
1. Please describe your thoughts about humans in space
during the next thousand years.
(a) Human nature is focused on the quest for new
knowledge; it is constantly being challenged to explore
new frontiers and make new discoveries. Today, space
is the new frontier, and its exploration and utilization
are fuelling this human urge. To envision the efforts
of humans in space in the next thousand years, we
need to build on what we already know and understand as well as what we have discovered but are still
to fully understand.
(b) From space altitude, we are improving daily our
understanding of planet Earth and its environment
and have discovered and are exploring the other planets in our Solar System. In the process, our knowledge
of the birth and death of stars has been enriched; we
have also gained some knowledge of the most distant
galaxies, and new theories about the origin of the
Universe and life have emerged. But this is just the
beginning.
(c) At this time, there is a growing belief that the main
product of space exploration to-date is information.
Information and communication technologies have
bridged the world as well as enhanced human interactions. Distance is no longer a barrier on planet Earth,
and high-resolution sensor systems have provided
more accurate data of our home planet. Thus a time
has come to marry the information age and the space
age. Fuelling such a thought is the belief that human
knowledge and experience in the space environment
should find meaningful expression in the establishment
of human space settlements and space colonies. Such
colonies and settlements, it is believed, can serve the
needs of humankind in outer space and result in space
mining, space farming, satellite and space vehicles
maintenance and greater opportunity to manage space
debris and near Earth objects. If indeed there are eco-

nomic opportunities in other planets that humans can
harvest, the successful assaying and mining of asteroids and other planets in our Solar System for precious
metals, in abundant quantities, will change the dynamics of space exploration and may lead to an eventual
“gold rush” in space. There are also growing concerns
about the congestion and pollution of planet Earth and
about the restive interactions among its co-inhabitants.
One school of thought believes that humans should
use the space environment to reduce these pressures
on planet Earth and escape the possibilities of natural
and anthropogenic disasters on Earth. However, the
science and technologies needed to address these prospects, including a better understanding of the needed
life-support systems and the space environment, particularly space weather, are still evolving. Funding is
also a major issue. And as of today, there are no internationally agreed ethical codes of conduct to govern
such space settlements/colonies.
(d) For the general public, however, the most basic
question is: How can our activities here on Earth
benefit from human efforts in space? Space knowhow and resources are affecting our daily lives here
on Earth in more ways than most people realize.
Examples include national and global security, communications, environmental management, food
security, transportation, disaster management, commerce and healthcare. Through space exploration
and utilization, we are developing new technologies
and finding new solutions for many problems here
on Earth. This trend will continue and will certainly
grow with the passage of time.
(f) Then there are those who wish to experience the
thrill/joy of simply being in the outer space environment as well as learning through direct experience.
Safe and affordable space tourism may lead to the fulfillment of such aspirations.
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(g) Given the above circumstances, how should
humans approach future space ventures? First, the
economic realities of space enterprise should encourage more international cooperation among member
States. Secondly, the United Nations Outer Space
Treaty provides a guide on acceptable international
approaches to exploring that frontier in order to take
care of the needs of both the industrialized and the
developing countries of planet Earth. However, far
more will need to be done in this area to ensure equity
in space resource utilization.
2. List the three main issues that need to be addressed to
actualize those thoughts.
(a) Joint scientific and corporate leadership to support
and generate more focused scientific knowledge and
develop needed technologies at an accelerated pace.

(c) International cooperation and the development of
related legal framework.
3. What are the critical factors that will give rise to
human expansion into space in the coming millennium?
(a) Discovery of life forms on other planets and the
human desire to learn by direct experience – i.e., to
be physically present in space, to feel, to touch, and to
observe, in person, the space phenomena.
(b) Human safety and security in outer space, including the management of risks and dangers posed by
natural and anthropogenic disasters.
(c) Public/private partnership that can lure corporate
leaders to make the necessary investment in a number of space endeavors in return for guaranteed share
of the benefits.

(b) Reliable and affordable space transportation systems.
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Adrian Berry
1. Please describe your thoughts about humans in space
during the next thousand years.

3. What are the critical factors that will give rise to
human expansion into space in the coming millennium?

I believe it will be driven by profit and technological
growth, and, to a much lesser extent, science.

The three main developments that will lead to this are
cheap travel into low Earth orbit, the growth of hotels
in space, and the realization that space itself contains
all the resources necessary for industrialization.

2. List the three main issues that need to be addressed to
actualize those thoughts.
My talk will be about the colonization of the asteroids
and the growth of a new civilization in the outer solar
system.
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William H. Calvin
1. Please describe your thoughts about humans in space
during the next thousand years.
Humans in space per se

(a) Eggs Elsewhere. The most important reason to
have considerable numbers of humans in space (and
most of them born there) is the “all the eggs in one
basket” argument. But self-sustaining colonies, and
enough of them to ensure human survival in case
things go badly wrong hereabouts, would seem to
have a path of development that might take the next
thousand years.
(b) However essential humans elsewhere seem for
longer-term goals, we need a lot more robotic experience in space so we can build bases that make things
ready for humans (and remotely test them too – recall
those concrete weathering problems in Biosphere II).
Small numbers of human explorers ought to be a later
step, not just a demo of space tourist capability.
(c) On the other hand, I can imagine a series of
semi-suicidal explorer types (say, aging Microsoft
millionaires) who will personally buy their way into
space, initially for looping around the Moon. Some
will be terminally ill and not plan to return. Others
will get stranded and die in space. This will change
the safety psychology of space travel – but in unpredictable ways.
(d) It seems clear that sending humans into space is
currently an expensive frill, compared to the scientific
payoffs of robots and instrument packages. Countries
will still risk humans, just as in the 1960s, for show-off
reasons of national prestige. But ones that sink everything into an over-budget, 20-year project will spend
a lot to yield a little. Others will compete by sending
large numbers of smaller craft with scientific experiments that get from idea to space in only three years

and not require a return trip or endless safety reviews.
They’ll get in a half-dozen generations of both science and technology yields in the time of the monster
humans-in-space project.
Motivators and limiters

(e) Destructive nihilism is getting more troublesome,
which brings to mind the “lifetime of technological civilizations” factor in the Drake equation. “Any
damned fool can go burn down a barn,” Lyndon
Johnson noted. “It takes brains to build one.…” But
brains can also augment nihilism. A decade ago,
Aum Shinriko recruited engineers and chemists for
their sarin attacks (which they hoped would trigger a
nuclear war). The current wave of suicide bombings
in Islamic countries is low-tech but some group will
likely attempt a high-tech version directed at urban
centers at the end of long supply lines. They are also
particularly vulnerable to natural disasters unless we
build in a lot of resiliency – an expensive undertaking
all by itself.
(f) I can imagine a future world leader, in despair at
the warring factions on Earth, resorting to a timehonored tactic: Get them to band together against a
common enemy, perhaps an imagined extraterrestrial
one. Warriors, once in space, might, of course, decide
to dictate to Earth from the high ground, once there.
(g) History suggests that there will be periods when
economic and cultural factors no longer permit
humans-in-space technology to evolve.
• Some of the capable countries will, like Russia in
the ’90s, suffer serious economic setbacks.
• Some, like the United States after 1972, may scale
back dramatically even without setbacks to prompt
them.
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• Some may experience looking-inward cultural
changes much like China in 1433, when it withdrew from exploration of the Indian Ocean and
became so conservative that it even stopped making clocks. These could last a long time. Major
holdouts from international efforts could cripple a
humans-in-space program, just as a major holdout
and major polluter is now seen as having frustrated
progress on greenhouse-induced climate change.
Science or technology leadership issues

(h) Science and technology are often intentionally
conflated. Both religions (“Christian Science,” “Creation Science”) and the space agencies keep trying to
borrow from the prestige of science to promote their
largely nonscientific agendas. It looks to me as if there
will soon be a public repudiation of more humans in
space by leading scientists, who will say: “This is no
way to do science; don’t charge it to our tab.” The scientific yield of humans in space, with the exception of
retrofitting and repairing the Hubble, has become so
low as to provide little scientific justification for the
present enterprise – and people are starting to notice it.
Some critics will suggest that a new humans-in-space
program is just an aerospace industry welfare act.
(i) One can make the argument that we need to keep
ahead with the technology because countries that
innovate faster tend to take over those that go slowly,
e.g., the ecologist Paul Colinvaux’s The Fates of Nations
(1982) and all the more recent books by military
historians. You don’t want your country so weakened
that it becomes a pushover. But this argument applies
in biotech, public health measures, resilience to
droughts, and economic stability. These days, a country can be a pushover for nonmilitary reasons.
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(j) The money spent on space technology will have
a lot of competition for funding, and on exactly the
same keep-ahead Darwinian arguments as aerospace
has relied on. Space agencies have an obvious role
if we attempt to stabilize climate by regional tweaks
– by, say, reflecting sunlight onto the Greenland Sea
but avoiding Greenland’s ice cap. But my guess is that
humans-in-space projects will compete poorly for
funding, once we start to shore up our foundations to
make our civilization more resilient to sudden shocks
like pandemics, bioterrorism, worldwide droughts,
and economic panics. (Note that such projects would
naturally utilize aerospace types of industrial organization. Re-purposing?)
2. List the three main issues that need to be addressed to
actualize those thoughts.
Location. There’s a there there. What’s there that we
need?
Location. Whether it’s to see or be seen, you need
to find a good reason to go there in person rather
than virtually.
Location. From there, you can more easily influence things. (For example, stationing repair crews for
critical Earth climate control arrays when speed and
human versatility might really count.)
3. What are the critical factors that will give rise to
human expansion into space in the coming millennium?
Serious reasons for needing temporary, small-scale
human settlements elsewhere. (Maybe we will discover a reason that goes beyond space tourism – say,
those repair crews.)
A century-long success story for a small colony
(assuming reasons for one) that makes Eggs Elsewhere seem more approachable.
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Eric J. Chaisson
1. Please describe your thoughts about humans in space
during the next thousand years.
Humankind is part of the cosmic evolutionary process that unites galaxies, stars, planets, and life forms
in a grand scenario based on the time-honored concept of change. Central to this natural process are
time and energy, chance and necessity. The result, in
an expanding Universe, is rising complexity within
localized systems where organization increases and
entropy decreases, all the while global entropy (system + environment) grows in accord with the second
law of thermodynamics.
Humans are a curious, exploratory life form. As for
many life forms, we radiate our species outward from
given niches, adapting to ever more environments
that are suitable for life as we know it. But technically
sentient humankind does more: It creates new environments for its own purposes. Technological beings
can now manipulate matter more than conversely; we
are close to controlling both genes and the environment on Earth.
We should now prepare to radiate outward into
space beyond Earth. We have the technical means to
do so, systematically and irreversibly dispersing our
species into ever-larger extraterrestrial environments.
But, at this time, it is unclear if governments have the
political will, sufficient funding, or managerial ability
to do it.
Migration beyond our parent planet is no small
issue. Our fate may depend on our ability and willingness to colonize extraterrestrial real estate. By
remaining on Earth – restricting all life to a “single
basket” – probability theory works against us: Any
single, global problem could terminate us; alternatively stated, we must solve each and every global
problem in our future in order to survive. By contrast,
by dispersing our species beyond Earth, probability

theory works for us: It is highly improbable that all
such dispersed humans will terminate, since all such
groups of colonists need not solve all such global
problems.
A thousand years from now, our species (probably
suitably modified by a merger with machines) will
either be actively living beyond Earth, or we shall be
extinct, for part of the evolutionary process entails a
cosmological imperative that resembles a principle
of cosmic selection, to wit: Those civilizations that
embrace space colonization will likely survive, and
those that don’t, won’t.
2. List the three main issues that need to be addressed to
actualize those thoughts.
Main issues/critical factors that need addressing to
achieve space migration:
Energy: The natural rise of complexity, order, and
organization entails the use of energy. But not just
energy, for a galaxy has a great deal more total energy
than a living plant, yet any weed in my backyard has
more organized complexity than the whole of the
Milky Way. A driving force of the evolutionary process is power density – that is, the ability to efficiently
acquire, store, and express energy per unit time per
unit mass. As humans move permanently out into
space, we shall need to harness increasing stores of
energy and to use them at accelerating rates and efficiencies. Currently, we are not managing the energy
issue well on Earth. Any intelligent civilization, anywhere in the Universe, will recognize that it is natural
and wise to use the energy of its parent star.
Risk: Society needs to willingly accept risk as an
essential feature of space exploration. If our species,
as a whole, is to successfully colonize alien planets,
moons, or asteroids, then we need to overcome our
squeamishness about human casualties. Currently,
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regarding space activities, we are a risk-averse society
(with government organizations like NASA politically hamstrung by it), yet 50,000 people die annually
on US highways alone. Risk, as well as competition,
danger, and failure, are natural parts of the cosmicevolutionary process that ultimately leads, for some
life forms, to novel, creative achievements.
Entrepreneurship: Big, bureaucratic space agencies
need to get out of the way, so that small, efficient,
competitive, risky efforts can thrive. History shows,
and evolutionary thinking supports, that successful colonization and settlement of new worlds have
often been accomplished best by private ventures led
by small groups of rugged individuals and maverick
adventurers, such as those that initially colonized
North America. More than a century after initial,
government-sponsored discovery and exploration, it
was entrepreneurial businessmen (Londoners) who
funded Jamestown, Virginia, and religious zealots (Pilgrims) who colonized Plymouth, Massachusetts, in
the early 17th century. Currently, the world’s national
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space agencies are more obsessed with creating jobs
and attracting funds than with an exploratory passion
and pioneering commitment needed for humankind
to have a permanent presence in space.
3. What are the critical factors that will give rise to
human expansion into space in the coming millennium?
Cautionary note and evolutionary appeal:
Colonizing space per se (as opposed to planets,
moons, or asteroids), invoking relativistic spaceflight
and time dilation, and transforming Earth itself into
a Pollyanna utopia are all fallacies that should be
avoided. Humankind’s central objectives during the
next thousand years should be to use the power of
our Sun efficiently and ethically, to disperse our species into a growing number of niches within the Solar
System, and to embrace a natural symbiosis with silicon-based machines. Space exploration is an essential,
inexorable part of the cosmic evolutionary process
– more than likely, the next great evolutionary leap
forward for any life form on planet Earth.
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Jean-Jacques Favier
1. Please describe your thoughts about humans in space
during the next thousand years.
A thousand years is almost nothing compared to
humanity’s evolution. It is a giant leap in human
history and civilizations and an unconceivable time
frame on technology roadmaps. If we take as reference these three factors, what can we think about
humans in space in the next thousand years?
Space is an aggressive environment for life as we
know it on our planet today. From my experience as
an astronaut, I keep in mind the extraordinary capacity of the human body to adapt in this hostile world.
Of course, it is rather easy to fight against temperature differences between sunlight and shadow (more
than 300K) by using the thermal protections of the
spacesuit or to breeze air from compressed air bottles
in space vacuum. What impressed me the most was
the capacity of my body to adapt to microgravity or
to different gravity levels during ascent and re-entry.
There is no way to experience microgravity on Earth
for long periods of time except during a few tens of
seconds in airplane parabolic flights. Nevertheless,
my body, which lived under Earth gravity for 45 years
before flying into space, was able to find a new reference state under zero gravity after a few hours, with
all the basic physiological functions, neurosensorial,
cardiovascular, muscular … finding a new tradeoff,
allowing me not only to survive but to enjoy and to
recover full capabilities.
Humans have an extraordinary capacity to adapt
to evolution, sometimes very quickly. If humans had
the opportunity or were obliged for any reasons to
leave their home planet, they will be able to survive
and to develop, provided that a minimum of conditions will be fulfilled. They will resist flights of longer
and longer durations. Humans in space will probably
evolve in order to adapt (muscular atrophy), the most

limiting factor being probably the resistance of the
human body to cosmic radiations. This will be just
another step of human evolution.
What is the driving force for humans to go into
space and even to settle new planets? This is definitely
their curiosity and their desire of new knowledge.
This is what humans are programmed for and what
new civilizations are dealing with. The space quest is
the ultimate expression of the human desire to go and
see what is beyond the horizon. This desire, in which
curiosity and necessity are intimately mixed, is written
in our species since its origin and led it to get out of
the African cradle to finally occupy all the surface of
the planet. Today we have a good consciousness of the
limits of our world, and in order to escape this confinement, we have to master the vertical dimension and to
project the human presence beyond these limits. It is
not a matter of days or years. It is a matter of decades
and centuries, a scale compatible with human history
and human civilizations.
2. List the three main issues that need to be addressed to
actualize those thoughts.
Having the will to explore is one thing. Having the
means to make the dream come true is something
else. The technology should be mastered and developed with a constant effort to achieve the goals. Here
appear the technological challenges. The world in
which we live has its own physical rules, many of
them not yet understood today and therefore not
turned into tools to master it. This is the biggest question mark we are facing when thinking about the next
thousand years in space.
Transportation technology is probably the limiting factor to space exploration in the next period of
time. The enabling technology can be mastered in a
few years or decades, for instance after a new, unexpected scientific discovery. It is clear to me that at the
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scale of centuries or millennia, the hope is big to see
humans overcoming most of today’s technological
barriers.
A safe haven: If we think about human expansion
not only in terms of back and forth trips into space,
there should be a convenient place to stay in space.
It can be a natural site where living conditions are
close to the ones humans had on Earth (Earth-like
exo-planets to be discovered), terraforming of hostile planets like Mars, or artificial sites developed by
humans, offering acceptable living conditions (Space
Stations, lunar outposts…). The first category of
places is not yet found, but with the speed at which
these new planetary objects are detected in only one
decade, we can assume that several such Earth-like
sites will be discovered in the next centuries. The terraforming is an option achievable in the time frame
we are considering here with the technologies in view.
It is more than likely that human expansion in space
will go successively through these three steps, from
artificial outposts to planetary havens.
An ambition for the whole planet Earth: Such
endeavours cannot be envisaged at a national scale
only. The works to be done and the cost of such
enterprises require a long-term involvement of many
different stakeholders. Today space programs are
essentially supported by the public money of a few
spacefaring countries. Resources for national programs are limited, and it becomes more and more
obvious that new exploration initiatives will require
international cooperation, as today already for the
International Space Station and tomorrow for the
new exploration initiative. Public money is even
not enough and private funds should be associated
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through new business opportunities and new markets
related to space transportation and space services.
But if nowadays space exploration is not perceived
by the people in the street as of first priority, it could
become so if critical factors are met on our own
planet.
3. What are the critical factors that will give rise to
human expansion into space in the coming millennium?
Different scenarios can be anticipated, depending on
life conditions on Earth, human welfare, population
growth, climate changes, or catastrophic hits by asteroids. Human expansion into space is the only way
to escape dramatic changes in life conditions on our
home planet. Depending on the technological level of
development of space infrastructures at that time, it
can go from expeditions of limited numbers of people
to save the human race to a systematic populating of
an external world.
However, in a more optimistic thought, we can also
imagine that technology developments can give rise
to new capabilities for farther and farther travels, but
again the question of new and cheaper space transportation technology is the key issue. In that case, as
it was at the beginning of the previous century with
aeronautics, a new technological revolution can be
at the origin of the emergence of a new lifestyle and
a new way to travel and to discover worlds or exploit
their resources.
Last but not least, we could also imagine, in the
millennium to come, to discover or to communicate
with extraterrestrial, intelligent forms of life, which
could be also a critical factor and a new driving force
for travelling to meet and expand humans into space.
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Robert Frisbee
1. Please describe your thoughts about humans in space
during the next thousand years.
• Next 50 Years: Human exploration and expansion
into near-Earth space (Moon/Mars) with semipermanent bases on the Moon and Mars. Initial
commercialization/exploitation (e.g., tourism,
resource utilization) of near-Earth space (Moon/
Mars).
• Next 100 Years: Permanent bases/cities on the
Moon and Mars. Human exploration of Jupiter
and its moons.
• Next 500 Years: Human exploration of the Solar
System. Extensive commercialization and use of
extraterrestrial resources (materials and energy).
Permanent bases/cities in Jupiter space (in orbit or
on moon). Permanent, self-contained/sufficient
settlements at Earth L4/L5, Moon, and Mars.
• Next 1,000 Years: Permanent, self-contained/sufficient settlements across the Solar System. Human
exploration/settlement of nearby solar systems
(out to ~40 light-years) either on habitable planets
or in orbital settlements.
2. List the three main issues that need to be addressed to
actualize those thoughts.
(a) Low-cost space transportation for both Earth-toorbit (ETO) and return, and in-space (orbit-to-orbit,
planet/moon landing/ascent, etc.)
(b) “Live off the Land”: Extensive commercialization/
exploitation of extraterrestrial resources (materials
and energy).
(c) Manipulation of environments (not humans!) to
meet long-term human habitation in space (e.g., in
orbit as well as on planet/moon surfaces).

(d) Fourth Issue (common to any human future):
Resisting the temptation to destroy ourselves and our
planet now that we have several “ultimate” weapons
of mass destruction, with destructive capabilities
ranging from “merely” the end of all human civilization (with possibly a few survivors) to the total death
of the planet.
3. What are the critical factors that will give rise to
human expansion into space in the coming millennium?
(a) Low-cost transportation:
• Low cost ETO and return
• Low-cost, fast human transportation
• Low-cost, fast or slow cargo transportation (Solar
System “Supertankers”)
(b) Extraterrestrial resource commercialization/exploitation:
• Change existing laws/treaties to favor commercialization/exploitation of extraterrestrial resources
• Initiate incentives (tax breaks, patent/copyright
changes) to encourage commercialization of
space
(c) Manipulation of environments:
• Develop zero-gee and radiation countermeasures
• Determine minimum gravity level required for
long-term (multi-generational) permanent habitation in space
• Closed biological life support systems
• Resist the temptation to alter humans (e.g., genetic
engineering) to meet the space environment. Instead, do what humans have always done: modify
the environment to meet human needs.
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Virendra Jha
1. Please describe your thoughts about humans in space
during the next thousand years.
I believe that space travel will be as routine in the next
thousand years as flying by air is today. One of the first
direct benefits in the next hundred years is going to be
the space plane, which will become a regular means
of transport on Earth, especially between places separated by more than a thousand miles. The same space
plane will be capable of taking humans into space,
either around the Earth or on to other planets.
Human will not have a permanent presence on
other planets in this century, but the visits to other
planets will become a routine affair in the next hundred years. Over the next thousand years human
presence will be established on a permanent basis
on the Moon and Mars, and maybe on some of the
satellites or moons of other planets. Over the next
thousand years the communications and medical
care and positional awareness technologies will allow
instant delivery of information and services to everywhere in the universe.
2. List the three main issues that need to be addressed to
actualize those thoughts.
(a) The reentry technologies should be further refined
so that getting in and out of atmosphere is not an
issue.

(b) The power-generation technologies (perhaps
nuclear power) should be developed to provide longterm power generation safely.
(c) Rocket technologies should be further developed,
or an alternate to rockets such as space elevators should
become real, to enable low cost of going into space.
3. What are the critical factors that will give rise to
human expansion into space in the coming millennium?
(a) So far space has been driven by the governments’ investment. Space must become commercially
of interest to the general public so that private and
commercial ventures begin to flourish. Without the
commercial and private sector involvement, the
expansion will be slow and limited. The governments
are finding it harder to sell to the public an increased
investment in space.
(b) Space must be used for peaceful purposes. Sharing
peaceful and military objectives in space may make
it harder for expansion. If military utility is seen as
higher than commercial utility, then the governments
may actually block the expansion of space rather than
help in the expansion.
(c) Bringing down the cost of space travel will be the
most critical factor.
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Krishnaswamy Kasturirangan
1. Please describe your thoughts about humans in space
during the next thousand years.
In the last 50 years, since the launch of the first satellite by the then USSR and USA, humankind has taken
major strides in space exploration with the first of the
spacecraft moving towards leaving the solar system.
Space has also provided the vantage point for looking
inwards towards the Earth, thus revolutionizing communication, the way we manage the Earth’s resources,
and understanding the weather systems. The vantage
point has also enabled looking outward away from the
Earth, thus creating an extraordinary view of the universe in all its manifestations including coming close
to an answer about the age of the universe. In another
dimension, humankind has made its permanent presence in the near-Earth orbit and sending spacecraft to
different regions of the solar system after taking historic steps of going to the Moon.
Seen against this perspective, the present century, in my view, could witness the increased role of
a number of space stations built by different nations.
This will increase the human presence at near-Earth
orbit for a variety of activities encompassing space
industry, space tourism, and as a part of evolving a
long-term strategy of space habitation. The same
period could witness the establishment of lunar bases
for both exploration of lunar resources as well as
for using lunar bases as a take-off point to different
regions of the solar system. In this mode, one could
expect, in the next two centuries, all the capabilities
and infrastructure in place towards comprehensive
exploration of the solar system including the first
step towards habitations on different planets including Mars, Venus, and satellites of Jupiter. This phase
of exploration of the solar system could itself span
several centuries, particularly because the timescales
involved in the exploration and exploitation of the

Earth itself have spread over several millennia. It is
only after this phase of solar system exploration by
humankind that a major priority could emerge for
manned interstellar exploration. The same period,
nevertheless, could also witness the first step towards
interstellar exploration through automated robots.
In a nutshell, the next millennium of space efforts
would encompass creation of a number of space stations in the near-Earth orbit, bases on the Moon,
manned exploration and exploitation of the solar system, and the first step towards interstellar exploration
through robots.
2. List the three main issues that need to be addressed to
actualize those thoughts.
(a) Development of transportation systems beyond
the present expendable versions that could be low
cost, renewable, affordable, require short turnaround
time, and virtually configured in a way the presentday aircraft operations are carried out. This could
happen by the turn of the century. Beyond that, faster
transportation systems, involving novel propulsion,
such as ion and nuclear propulsion, need to perfected
to reduce travel times between solar system objects,
say an Earth-to-Mars trip in three to four days. This
would also witness perfection of robotic-based exploration both for solar system planets as well as forays
into interstellar domain.
(b) Creation of a human-habitation system in planetary environments that would be different from that
of Earth and thus produce conditions for perpetuation of the human race away from Earth.
(c) Ensure survivability of the human race on Earth
by protection against such natural events as asteroidal
impacts or manmade disasters like nuclear catastrophy, drastic climate change, etc.
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3. What are the critical factors that will give rise to
human expansion into space in the coming millennium?
(d) The most important factor for human expansion
into space in the coming millennium would be to
rekindle the spirit of adventure that has characterized
humankind exploration from land to land, into the
ocean, then into the air, and finally into space.
(e) A committed global objective for expanded space
exploration by bringing to bear human and material
resources of the entire planet and build on it the mar-
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shalling of resources on a planetary scale. The current
way in which humankind is organized into different
nations with varied political, social, cultural, and economic systems would require suitable reorganization
and restructuring.
(f) Ultimately an ideal outward exploration of space
by humankind should see the concept of Earth as a
point object from space, with all its inhabitations as
Earthlings integrating themselves into a cosmic order.
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U.R. Rao
1. Please describe your thoughts about humans in space
during the next thousand years.
Reasonable predictions for the growth of global
population indicate that it will continue to grow to
about 12 billion up to the year 2100, before reaching
the zero population growth level. Since the available
world resources, particularly regarding food, water,
and energy supplies, will be under great pressure to
adequately satisfy the needs of the people, the urge to
establish totally self-reliant human colonies elsewhere
in solar system will become the great motivating factor for future space exploration. Mars, with its land
area almost matching that of the Earth, its composition and geological evolution closely resembling
our own habitat, is bound to become the main target
candidate for establishing a large self-reliant human
colony.
Looking through the futuristic telescope, though
almost impossible, particularly over a time span of
a thousand years, a likely scenario of space developments in my view is as follows:
(a) Space activities during this century will no doubt
concentrate in firmly establishing food, economic,
health, and environmental security to all the people
in the world and usher a new era of totally sustainable development by combining with the advances
in bio-technology and taking full advantage of the
third wave information communication revolution.
Before the end of the 21st century, intensive exploration of Moon and Mars, human landing on Mars, and
establishment of a semi-permanent human habitat
on Moon may be accomplished. It is also possible to
construct elevators to the Geostationary Orbit, using
nanotechnology, greatly facilitating movement of
men and material into space.

(b) Establishment of a strategic platform on the Moon
and exploitation of economic and mineral resources
would become commonplace by 2200. By this time
it should be possible to construct an elevator to the
Moon for easy, economical, and quick transportation
of men and material. The Moon is likely to become
the major staging point for intensive future exploration of the solar system by 2300. Space scientists will
succeed in establishing a small human habitat on
Mars, building a greenhouse and artificial gravity but
primarily depending on materials transported from
Earth to the Moon for survival.
(c) Starting with a small human habitat on Mars in
2300, humankind will concentrate on making Mars
totally habitable. It might start by heating the planet
with concentrated solar radiation to melt the permafrost ice and generate water. This will be the starting
point for generating free-flowing water, which in turn
will start creating an oxidizing atmosphere over Mars
in addition to its increasing average temperature by
creating a greenhouse effect. The presence of water
will also initiate natural biotic activities, which will
create additional oxygen of photosynthetic origin. In
a short span of three to four hundred years, Mars can
become a habitable planet for human beings, which
will accelerate human occupation and the colonization process.
2. List the three main issues that need to be addressed to
actualize those thoughts.
Three main issues that need to be addressed to actualize these thoughts are:
(a) Development of a rapid and cheap transportation
system such as space elevators using technological
developments particularly of nanotechnology.
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(b) Technological development for exploitation of
resources on the Moon and Mars.
(c) The most difficult issue is to develop ingenious
methods to make Mars a practically habitable and
totally self-supporting planet.
3. What are the critical factors that will give rise to
human expansion into space in the coming millennium?
The major factor that will accelerate human expansion into space, besides human quest for adventure
and exploration, is the pressure of human population
on Earth with its fast-dwindling resources. However,
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no single nation can fully succeed in this venture. The
most critical factor required to realize these dreams
is the combined will and cooperation of all nations
on Earth in terms of meeting both material as well
as intellectual resources required. This would become
possible by 2100 when all nations, having reached
the zero population growth state and eradicated
poverty and achieved a better quality of life by initiating sustainable development, are able to generate
both material surpluses and intellectual resources to
actively participate and share in the exciting space
saga of the next millennium.
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Christian Sallaberger
1. Please describe your thoughts about humans in space
during the next thousand years.
Humanity is now in the opening moments of the
space age. During the next thousand years we will
see human presence extend from the surface of the
Earth to locations on our moon, at the Lagrangian
Points, the surface of Mars and its moons, and points
beyond in our solar system. Humans will initially
operate research outposts and labs at these locations,
but over time this will become a permanent presence
as humanity begins the transition from a terrestrial to
a solar species. This expansion of humanity into space
will be driven both by economic factors and by our
fundamental need to explore.
2. List the three main issues that need to be addressed to
actualize those thoughts.
The most important near-term issue that needs to be
addressed to actualize the expansion of humanity into
space is the cost of access to space. Current launch
costs are prohibitive when contemplating the buildup
of significant infrastructure in space. We are starting to
see early signs of hope of dramatic reduction of launch
costs with some of the current development programs.
When we achieve affordable low-cost launch capability, we will have lifted the main restriction holding
back the expansion of humanity into space.
A more intermediate capability that will need to be
developed to fully support substantial human activities in space is ISRU (In-Situ Resource Utilization).
For human outposts and bases on the Moon or on
Mars to become permanently manned, they must
minimize terrestrial resupply requirements. This
means some degree of autonomy for things such as
oxygen extraction from lunar regolith or from the
Mars soil, or for the production of food. One can even
envision scenarios where in-situ propellant production on the Moon could be used to fuel the armada of

spacecraft that will enable humanity’s expansion into
the solar system.
In the long term, two or three hundred years out,
but certainly within the thousand-year horizon, the
idea of Mars terraforming is intriguing. We are fairly
certain that Mars was once very similar to the Earth,
with lakes and oceans and an active water weather
cycle, and perhaps even a breathable atmosphere.
Some researchers are currently exploring the possibility of terraforming Mars by artificially kick-starting
an atmospheric water vapor cycle. Most scenarios
involve the detonation of nuclear devices in Mars
orbit followed by decades if not a century or two for
an atmosphere and water cycle to stabilize. The idea
that it might be possible to create another world on
Mars very similar to the one on Earth is very attractive in many ways.
3. What are the critical factors that will give rise to
human expansion into space in the coming millennium?
Space provides a unique way for humanity to overcome
the Malthusian limits to population growth and prosperity. Access to affordable energy will ultimately limit
a terrestrial-based society. Humanity currently obtains
88 percent of its global energy needs from fossil fuels.
While these nonrenewable resources are running out,
global energy demand is soaring, and is predicted to
exceed 20 terawatts within the next two decades. Space
provides the means to deliver almost limitless energy
to the Earth, and eventually to other locations in the
solar system as humanity undergoes its transition into
a solar species. Space-based solar power collection
and beaming, as well as Helium-3 based nuclear fusion
power, rely on space infrastructure and resources. In
a broader sense the vast off-Earth sources of not only
energy, but also raw materials such as rare minerals,
metals, oxygen, and others, will drive human expansion off the Earth’s surface.
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Pierre-Alain Schieb
1. Please describe your thoughts about humans in space
during the next thousand years.

2. List the three main issues that need to be addressed to
actualize those thoughts.

Civilian space will play an important role in the
future, as an integral part of the overall infrastructure
modern societies already depend upon (e.g., electricity, water, communications, emissions control, treaty
monitoring). In this context, the common use of
ubiquitous space assets will have entered the lives of
billions. It is starting to be the case already, as seen
during the OECD Futures. Project on Space, which
explored the future of space applications over the
next three decades.
Although the role of humans in space is under
debate today, it seems that new space activities
requiring direct human involvement have a chance
to develop. They are spurred by international growing needs for resources (e.g., finding new energy
sources), societal changes (e.g., development of leisure
activities in Western and Eastern societies), and technological breakthroughs (e.g., integration of diverse
technologies: biotechnologies and computing, power
and nuclear fusion or propulsion). All these enduring trends may have impacts on the development of
space activities: down the road, “space tourists” may
open the way for “space workers” or vice versa as
technologies become available, and if new cost-efficient business models are developed. For instance,
the possibility to build large orbital facilities to provide solar power generation may become possible,
while mining on extra-atmospheric bodies might also
be finally pursued. As a parallel trend, space tourism
may become lucrative, allowing space tourists to visit
nearby outposts (e.g., the Moon).

(a) Economic growth and human well-being on
Earth: Income inequalities will continue to rise, as
will world population, and economic risks will tend to
increase. If troubles on Earth are not addressed, they
could impede the development of civil space applications. In these worst-case scenarios (see scenarios
2 and 3 in Space 2030: Exploring the future of space
applications), weaponization of space or “blocks” will
hurt space-based civil applications and the option for
more humans in space.
(b) Governments: Continuing governmental commitments to develop R&D and fundamental sciences.
There is still much to learn in terms of basic research at
all levels of physics, engineering, biology (e.g., impact
of radiation during long-duration flights) and this
requires long-term funding. This funding is expected
from governments, based on the rationale that public
bodies will need to develop space infrastructure as a
tool for tackling economic and societal challenges. On
the other hand, government funding for space applications might compete with other options in the same
vein, such as exploitation of oceans, nuclear fusion, or
with tangible/social infrastructure needs (see OECD
Futures Project on Global Infrastructure Needs).
(c) Private sector, Foundations: More involvement
of the private sector and foundations is required as
innovators and new applications developers. This
requires the continuing development of “champions,”
often not originally from the space sector, who may
open the space frontier with new ideas (see X-prize,
history of aeronautics, etc.).
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3. What are the critical factors that will give rise to
human expansion into space in the coming millennium?
(a) Breakthroughs in space transportation: Access
to space remains limited (expensive and dangerous),
while space long-haul travel has been tried only with
unmanned probes (e.g., latest successful example:
Huygens). Only the development of cost-effective
and safe space transportation systems will open the
way for new and large commercial and civilian space
ventures. One possible way to further innovation
(described in the OECD Space Project publication)
is to look at possible pre-competitive, cooperation
mechanisms between some countries.
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(b) Continuing developments of national/regional
programmes: Although some rationalisation might
be needed for future large cooperation projects, more
actors are expected to come in. In this start of the 21st
century, many countries are developing their own
space capabilities (R&D, fundamental sciences), reusing in some cases decades-old technologies from allies,
but also developing new independent systems (e.g.
ITAR-free products). Based on the inherent cultural
diversity of the new emerging space actors, new concepts for expanding humans in space might form,
while limited competition might spur innovation.
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Michael Simpson
1. Please describe your thoughts about humans in space
during the next thousand years.
We will inevitably see the expansion of human society
into space, where up to now we have seen only the
travel of a few selected individuals in small teams.
We will need to react to issues of technological,
social, and perhaps physical evolution occurring offEarth as well as those occurring here.
We will rediscover the challenges of chronological delay in communications and transportation
that played such an important role in the history of
humanity up until the 20th century.
Space flight will be available without the intermediation of government as a sponsor. This will lead to a
vastly wider range of interests pursued beyond Earth
orbit.
We will encounter intensely troubling religious
questions, since so much of our religious imagery is
terrestrially focused. This would seem especially true
for Christianity, Islam, and Judaism.

DIVERGENCE. How will we cope with the inevitable
transformations and innovations that result from the
human experience in places far from Earth? How
might the descendants of spacefarers sent on oneway missions differ from counterparts on Earth if
their personal contact were to be deferred for many
generations?
ETHICS. What is the threshold of respect for extraterrestrial environments? Intelligent Life? Life in any
form? Evidence of previous life? Irrespective of life?
3. What are the critical factors that will give rise to
human expansion into space in the coming millennium?
• Resource shortages
• Overpopulation
• Curiosity
• Human competitiveness

2. List the three main issues that need to be addressed to
actualize those thoughts.
GOVERNANCE. At what distance from Earth will
it become necessary to establish autonomous bodies
for societal decision-making? What relationship will
such bodies have with counterparts on Earth, and
what claims to property will be protected and how?
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Laurence R. Young
1. Please describe your thoughts about humans in space
during the next thousand years.
We will surely explore Mars and its two moons, and
I hope to live long enough to see it happen. We will
establish a Martian habitat infrastructure to be used
largely for scientific purposes. It will be reasonably
safe, but still not a place for casual tourism. I envision
it as a sort of extraterrestrial McMurdo Bay, without
the junk piles.
But, I predict, we will not terraform Mars to create
an extraterrestrial haven for earthlings.
Further out, I predict that we will find new propulsion techniques to be able to reach and explore some
of the seemingly more attractive distant places in the
solar system. Titan, Io, and Europa are on my list at
this time, but new data will surely raise other moons
as candidates. But even if we could reach these distant
moons in months rather than decades, how would
human explorers survive the deadly radiation environment? I doubt whether shielding will do the job.
Perhaps a protective magnetic shield produced by
passing massive currents through superconducting
coils will become practical, or maybe genetic engineering will provide the answers. The environmental
challenges, including temperature, atmosphere, and
radiation, may need to be solved by modifying the
explorers as well as the spacecraft!
We will, of course, see space tourism, already
here as a rich man’s game, expand and flourish – and

eventually die as personal information kiosks replace
physical travel for interest as well as for bragging
rights at the country club.
So, how real are these dreams? Let me recount
what Neil Armstrong said when he met with us at
MIT several years ago. A student asked him if he
really thought we would see humans on Mars. “Well,”
he replied, “when I was your age I never thought we
would ever see a man on the Moon!”
2. List the three main issues that need to be addressed to
actualize those thoughts.
First we need to perfect a safe and comfortable way
of overcoming the debilitating effects of long-term
weightlessness. Artificial gravity is my choice: either
spin the entire spacecraft, which could be a beam
with living quarters on one end and a nuclear power
plant on the other, or perfect a short-radius centrifuge to allow space travelers to work out with a spin
in the gym.
Second is radiation protection. And third is
advanced, low-cost propulsion.
3. What are the critical factors that will give rise to
human expansion into space in the coming millennium?
A sustained peaceful society with a will to invest in
science can easily afford such ventures. A warring
unjust society that remains ignorant of the practical
and pure applications of science will not do.
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T

he Humanity 3000 workshop “Humans and Space:
The Next Thousand Years,” held June 23–26, 2005,
convened nineteen prominent space experts, technologists, and scholars concerned with the long-term
future of humanity and expansion into space.
A primary goal of the workshop was to assess the
state of knowledge with respect to the major aspects
of humans and space: life beyond Earth, propulsion

technologies, human biology and conditions in space,
global social/political/economic ramifications, and
the future of humans in space.
In three days of meetings, the participants met in
plenary and small-group sessions to discuss the factors most critical to the future of humans and space.
Following are transcripts of the presentations and
discussion sessions.
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Introductory Session
The initial session provided an overview of the intention behind the Foundation For the Future, the format
of this Humanity 3000 workshop, and self-introductions of workshop participants.
Foundation Officers:
Walter Kistler
Bob Citron
Sesh Velamoor (Facilitator)
Participants:
Plenary Session
Industry observers:
Leonard David
Debra Facktor Lepore
Citron: Good morning, everyone. I would like to have
Walter say a few words of welcome, and then we’ll tell
you a little bit about our Foundation. Walter?
Kistler: Good morning, ladies and gentlemen. I would

like to welcome you here. We are very happy you all
came this early morning. I hope you all enjoyed the
dinner last night, and I hope you will have an interesting day today. We anticipate that you will be hearing
interesting things and that you may learn something
new, which is the purpose of these meetings.
… we ask you to think of how
humanity, based on what we have
seen in the last century in space, is
likely to evolve over the
next thousand years …
Citron: Thanks, Walter. We like to start each of our
seminars and workshops with the concept that the
Foundation is going to be here for many centuries.
A century from now, there will be another meeting
about the future of humans in space for their next
thousand years. The only thing that will change are
the people in the room. What we ask you to do for

the next two and a half days is to get your mindset out
of what is going on in the world of space today, other
than to think of it as part of the context of the past and
current trends – to not worry about what agencies are
doing what or what the competition is in space now.
Instead, we ask you to think of how humanity, based
on what we have seen in the last century in space, is
likely to evolve over the next thousand years to do
some of the things that some dreamers have been
talking about for centuries. That’s the idea. Think
about what your own personal vision is for the future
of humans and space.
The Foundation was started by Walter Kistler and
me almost ten years ago. Walter is the benefactor.
He endowed the Foundation in perpetuity. We have
a mandate to bring together the best minds from
around the planet in specific subjects each year to discuss their individual and collective visions of the next
thousand years in their particular fields.
The Foundation has many ongoing activities. This
workshop is part of our Humanity 3000 Program,
which also conducts annual seminars and bidecadal
symposia. We hold symposia 20 times per century.
We had our first one in the year 2000, and we’re having our second one later this year. Every five years we
have a symposium that looks at not just single subjects, like this workshop, but the multiple problems
that humanity faces to evolve productively during the
coming millennium.
We have just started two new activities. One is to
join with UNESCO for the 2006 Man and the Biosphere [MAB] seminar, when the Foundation and
UNESCO will look at biological diversity and an
improved relationship between people and their
environment, with the added emphasis on the thousand-year future. The United Nations published a
book entitled One Planet, Many People, which is a fantastic compendium in about ten major areas, showing
satellite imagery from 30 years ago and today of cities,
urban areas, destruction of forests, and so on. It really
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shows how human activity on the planet is destroying
our environment as we live.
The other new program is something that Sesh
started this past year. We’re getting involved in seminars for fifth-graders to enable them to learn more
about the problems of humanity and have them look
at the thousand-year future. The pilot seminar was
just a few weeks ago, and it was so startling to hear
comments from 10- and 11-year-old students about
everything ranging from nanotechnology to energy
depletion, natural habitat destruction, species extinction – a wide range of subjects. Each of the young
students did research and then gave a presentation
during the pilot seminar. We were so enthralled by
them that we have decided to expand that model pilot
project, first nationally and eventually internationally.
We have already been in touch with UNESCO and
other agencies to begin the process of developing a
future-thinking program for fifth-graders.
I will now put the meeting in the able hands of
Sesh to run the seminar.

Our intent is to inform the general
public rather than influence decisionmaking from the top down.

Thank you. Bob has
pointed out what the Foundation does. I would like
to point out why we do it. It’s important to put that
into perspective as a starting point. The mission of
the Foundation is to increase and diffuse knowledge
concerning the future of humanity. The future, as has
been pointed out many times, is something we like
to consider over very long-term time frames, based,
essentially, within the evolutionary context of the
past, the present, and the future. To the extent possible, we want to keep the discussion science-based,
so unless you qualify your comment as speculation
(which is fine), any facts exchanged should be documented, researched, known, and understood.
The Foundation has no agenda or preferred vision.
We have chosen our duty to be simply an organization that informs the general public. That’s the
second thing that I want to emphasize. Our intent
is to inform the general public rather than influence
decision-making from the top down. We believe that
Sesh  Velamoor  (Facilitator):
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this process of informing people is what will create
informed choices down the road concerning decisions affecting the long-term future.
This particular conference on space and the longterm future was put together with that in mind. You
are here as experts in your field to exchange notes
with each other, to inform each other, and to bring
your expertise into the conversations, but also you are
talking to the general public. I think that’s very important to note. One part of our purpose is to inform the
public as to the variety of topics involved in dealing
with the complex subject of space.
Citron: Thanks, Sesh. We’re going to show you now
a 15-minute movie that we made five years ago. First
we did the mural, and then we wrote a script for a
film, Cosmic Origins. We wanted to have a dramatic
film that showed everything from the Big Bang to the
origin of life, the origin of hominids, how our human
culture got to where it is today, and what the prospects
are for the future. The man who is most responsible
for this film is sitting in our audience, Eric Chaisson.
He took my script and redid almost everything, then
spent a year with a NOVA science production unit
from Tufts University and PBS. Now we open our
workshops with this wonderful movie because it sets
the stage for what will occur in our meetings.

[Film Cosmic Origins is shown.]
Facilitator: At this point we would like to ask each of
you to introduce yourself to the rest of the group. Let’s
start with Dr. Doetsch.

I have always had a quest in my life
to see how we can make space not
only a successful endeavor, but an
international endeavor as well.
Doetsch: Good morning. My name is Karl Doetsch.
I am currently in the happy state of life where I can
choose not to do the things I don’t want to do anymore
and to do those things that I do wish to do. Prior to
reaching this, though, I had a very interesting opportunity in my career to start off work in the aeronautics
sector, both with supersonic aerodynamics and flight
mechanics of aircraft, then moving into space. I was
very privileged to work on the Shuttle program through
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the Canadian contribution of the Remote Manipulator
System that we call Canadarm, followed with the Astronaut Program, the Space Station program, a variety of
management positions, and some planning activity for
the Canadian Space Program.
Throughout this period, I was very interested in international cooperation and spent considerable time with
various professional organizations in the international
domain, including the International Astronautical Federation. I have always had a quest in my life to see how
we can make space not only a successful endeavor, but
an international endeavor as well.
I had a stint of working as the President of the
International Space University, and I can only reinforce what was said a little earlier: It’s a thrill to watch
the enthusiasm, ideas, and capabilities of young
people taking on the role of developing space and
to project their progress into the future. Currently, I
continue to work in the field of space, primarily in its
international and educational aspects.
… over 40 years, I have been
associated with India’s Space Program
in a variety of roles … finally to head
the organization for nearly a decade.
Kasturirangan: Good morning, I am Kasturirangan
from India. Basically I got into the area of cosmic Xrays in graduate education, then moved over to India’s
Space Program way back in 1971. Since then, over 40
years, I have been associated with India’s Space Program in a variety of roles: in satellite building, remote
sensing particularly, then overall program management
of satellite systems, and finally to head the organization for nearly a decade. By 2003 I stepped down, after
being in charge of the organization for a decade.
Since then I have been associated with an institute
called the National Institute for Advanced Studies,
a multidisciplinary institute involved in looking at
issues from the point of view of the social sciences,
humanities, and national sciences in a holistic manner. Also, for the last one and a half years, I have been
nominated to the Parliament of India, so I am currently a member of the Parliament.
My interests continue to be primarily in space, so
I came when this opportunity was extended by this
foundation. Probably sitting outside space today, I

might be able to take a more objective view of what
humanity’s future in space is. Thank you very much
for inviting me. It’s a pleasure to be associated with
this program.

I am the Consulting Editor in science
of the London newspaper
The Daily Telegraph.
Berry: My name is Adrian Berry. I am the Consulting
Editor in science of the London newspaper The Daily
Telegraph. I have been a journalist writing about science and space for the last 35 or 40 years. I was in the
pressroom in Houston in 1969 when Neil Armstrong
stepped onto the Moon.
I’ve written a lot of popular books on the subjects of
space and science. I am retired from being a reporter
now, but I still write a couple of monthly columns.
One is for Astronomy Now magazine, and one called
The Sky at Night. And I have a website that I’m very
excited about. I’m very pleased to be here.

… I am scheduled to go up on the
Shuttle flight in April 2006, Mission
STS-116, the port truss assembly
mission for the Space Station.
Patrick: My name is Nicholas Patrick. I’m a Mission
Specialist Astronaut at NASA’s Johnson Space Center
in Houston, Texas. I’m delighted to be here with you
all today.
I am English by birth, American by choice. I grew up
mostly in the UK and went to university as an aeronautical engineer and then immigrated with my parents.
I worked for General Electric and for Boeing. I was a
graduate student in Boston at MIT, and about six years
ago I moved to Houston, Texas, to become an astronaut – a wonderful privilege. In fact, I am scheduled
to go up on the Shuttle flight in April 2006, Mission
STS-116, the port truss assembly mission for the Space
Station. It is my great pleasure to be here today.
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I’m a Professor at the University of
Washington and Principal Investigator
for the NASA Astrobiology Institute
at the University of Washington.
Ward: My name is Peter Ward. I’m a Professor at the
University of Washington and Principal Investigator
for the NASA Astrobiology Institute at the University
of Washington. I am a geologist. I have studied past
mass extinctions. I’m interested in humans’ residence
on this planet, because my studies suggest that we do
live on a very dangerous planet. I’m certainly more
looking at the ground and looking in the past than
I am to the future. With the rate we are hit by rocks
from space, there certainly will be more of them, so I
guess that’s my expertise here.

I am head of the Futures Project
within the OECD International
Futures Program.
Schieb: Good morning. My name is Pierre-Alain
Schieb. I am head of the Futures Project within the
OECD International Futures Program. I was trained
as a Ph.D. in business administration and management science, and I started to have an interest in space
five years ago when we were covering a project about
emerging systemic risks, related to disaster management. Then I launched another two-year project on
Space 2030, and the report was just released three
weeks ago. I confess that I am just covering the present of the Foundation For the Future’s agenda.

I participated … in a landmark
study organized by the International
Academy of Astronautics, looking at
long-term human and robotic
space exploration.
Zimmerman: Good morning. My name is Jim Zimmerman. I’m the President of the International
Astronautical Federation, following in the excellent
footsteps of Karl Doetsch and another good friend
and colleague from UNESCO, Marcio Barbosa. That’s
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really the reason I am with you today.
Just one more word about the IAF, because it really
has a perspective: In a sense we have goals and objectives very similar to those of the Foundation. We’re
an implementing organization, a global organization,
promoting dialogue in cooperation among countries,
and so we hope that what you do and what we do
complement each other very much.
My background is as a political scientist. I grew up
in the United States but spent a great deal of my career
overseas, studying in Finland, Austria, and Italy, and
living for 12 years in France. So, I feel a bit international in my perspective. I participated four years
ago in a landmark study organized by the International Academy of Astronautics, looking at long-term
human and robotic space exploration. The study was
initiated before the topic became very fashionable,
as it is right now. The essence of that study was that
humans will explore – we will explore as a planet, not
as countries. So, I am very interested in the discussions today and honored to be with you.
I also have great interest in
planetary resource utilization,
which I think will be absolutely
essential in the exploration of
the solar system and beyond.
Bruckner: Good morning. My name is Adam
Bruckner, and I am the Chair of the Department of
Aeronautics and Astronautics at the University of
Washington. I’m also a participant in the Astrobiology Program, and I have known Peter [Ward] for
quite some time on account of that. I have a variety of
eclectic interests, obviously all oriented toward space.
I have done work on novel ways of taking things into
orbit, in particular impulsive means, such as gun
launch to space. When I was a student, I worked with
Jerry Bull at McGill University on the High Altitude
Research Project, and I am a co-inventor of the Ram
Accelerator Propulsion System – an in-tube ramjet
propulsion system.
I also have great interest in planetary resource utilization, which I think will be absolutely essential in
the exploration of the solar system and beyond. And
I have a laboratory devoted to in situ resource utilization studies for Mars.
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It was a unique honor for me to have
started the satellite technology at
Bangalou. I was in charge of the entire
space program for over a decade …

My area is in advanced space
propulsion … one of my jobs is
turning science fiction into reality …
Frisbee: I’m Robert Frisbee. I am from the Jet Propulsion Laboratory in beautiful (most of the time)
Pasadena, California. My area is in advanced space
propulsion. I started out in the solid propellant group
at JPL and blew up enough solid rocket motors that
they started having me do theoretical studies of the
concepts – mostly paper studies. Once upon a time
I had a Ph.D. in physical chemistry. As is usual with
the government, I hardly ever get to use my chemistry
anymore. I’ve always been a fan of science fiction, and
am definitely a space advocate, space cadet. But I also
say that one of my jobs is turning science fiction into
reality, and I think that’s one of the things that this
workshop is going to be doing.

I spent 25 years working with the
French Atomic Energy Commission
[Commissariat à l’Energie Atomique],
especially in charge of the
space programs …
Favier: Good morning. My name is Jean-Jacques
Favier. I’m French. I work for the CNES, the National
Space Agency, as Deputy Director for strategy and
advanced concepts. My background is in physics
and engineering. I spent 25 years working with the
French Atomic Energy Commission [Commissariat
à l’Energie Atomique], especially in charge of the
space programs, including microgravity programs
and fundamental physics. I was lucky to be selected
as a French astronaut in 1985, and as Payload Specialist in 1992 for NASA, so I spent five years in Houston.
I was on two missions, first as backup on the SGS 65,
and I flew on the SGS 78 on the Life and Microgravity
Spacelab. It was a great experience, as you can imagine
– especially for a scientist, because I had the chance to
do myself the experiments that I had prepared in my
lab, so professionally speaking, it was something very
unique. But also as a human being, of course, it was
one of the best experiences in my life. I’m very happy
to be here to discuss with you what the future could
be. Thank you for having invited me.

Rao: Good morning. I am Dr. U.R. Rao, Ram Rao,
from India. After my studies in cosmic rays, I was
privileged to be in the USA in the early 1960s as a
member of the faculty at MIT and later at Southwest
Center for Advanced Research in Dallas, Texas. Now
it’s called University of Texas. It was also my privilege
to be a prime experimenter on a series of Explorer
spacecrafts and the Pioneer 6, 7, 8, and 9 spacecrafts
here, carrying the cosmic ray studies.
On going back to India, I was one of the earliest
persons to get involved with Dr. Vikram Sarabhai; in
fact, I was his student and we started the space program. It was a unique honor for me to have started
the satellite technology at Bangalou. I was in charge
of the entire space program for over a decade during 1984 to 1994. During this period we built a strong
space program.
I have been involved at the international level from
the very beginning. I have been Vice President of the
IAF and happen to continue as the Chairman of the
CLIODN, the Committee for Liaison with Developing Nations and international organizations. I was
the Chairman of the United Nations Committee on
Peaceful Uses of Outer Space from 1997 to 2000, and
I was also elected as the President of the UNISPACEIII in 1999.
I am extremely glad to be here. I continue to have
interest in remote sensing, the space sciences and
space technology, and education in particular.

I am currently concentrating my
efforts on a rather short-term issue
of human tolerance to long-duration
space flight … the development
of artificial gravity.
Young: I mentioned to some of you last night that my

first criteria in deciding whether to accept an invitation to a meeting is: Are there going to be enough
people there who know more than I do? This workshop clearly qualifies, and I am delighted to be with
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you all this morning. My name is Larry Young. I am
at MIT, where I am the Apollo Program Professor of
Astronautics, and also the Professor of Health Sciences and Technology in the Harvard/MIT program.
An event happened 48 years ago that dramatically
changed the course of my life. I was on my way to
France to study atomic physics as a graduate student
when Sputnik was launched, and I decided that that
was what I wanted to do for the rest of my life, or at
least for the next couple of years. I came back a year
later, was fortunate enough to work with Stark Draper
in his laboratory on guidance systems. He hired me
onto the MIT faculty and asked me to look at biomedical engineering, which had become, at that time,
the brand new and evolving field. And I’ve never left
that. I have looked at the application of biomedical
engineering to space. I was fortunate enough to have
been the Principal Investigator on seven missions,
mostly on Spacelab. On one of those I was the Payload
Specialist Astronaut, the backup, and I decided that at
my advanced age, two years of training was enough
and I came back to resume my career at MIT.
After having directed the National Space Biomedical Research Institute, I am currently concentrating
my efforts on a rather short-term issue of human tolerance to long-duration space flight, and that is the
development of artificial gravity.
The program that I am running
right now is to make science
education more interesting to
the young generation.
Berenguer: Good morning. I’m Yolanda Berenguer
from UNESCO. I am the Coordinator of the Space
Education Program, which was launched in 2002. I’m
originally from the Philippines but I have been living in Paris for the last 20 years. I have a background
in international relations and postgraduate training
in remote sensing. I have been involved in a research
program called GARS, in which we’ve been studying
the development of new technology in integrating
multisensor data for the study of natural disasters of
geological origin.
UNESCO is an international organization that was
created immediately after the Second World War in
order to contribute to international peace and secu-
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rity through cooperation in natural sciences, social
sciences, and cultural communication, all of which
are interrelated. The program that I am running right
now is to make science education more interesting
to the young generation. When UNESCO organized
the world conference in 1999, different stakeholders
were invited, and one of the recommendations was
to make science education interesting, because there
has been a lack of interest of the young generation in
science education because of the boring curricula and
the limited knowledge of teachers.
What we’re doing is trying to come up with new
curricula and trying to develop the skills of educators.
We have established cooperation with the International Space University and with IAF. And we would
like to have very close cooperation as well with the
Foundation. We had some preliminary discussions
already with Sesh. On behalf of UNESCO, I would
like to thank the Foundation for inviting UNESCO
to this very important event, which is really the way
forward for the next thousand years.
Just as a side comment, we organize space contests
for children at the primary and secondary levels. Just
recently we produced a 2005 calendar of drawings
and paintings by children on theme “Living in Space.”
This afternoon I am going to give some examples of
how children have been interpreting what life is in
space. I have also informed my office to deliver some
calendars here for the participants. These would guide
us in our discussions on what children think of living
in space.
UNESCO is working with 190 member-states,
so we have this international cooperation. We have
6,000 institutes with which we do pilot studies all over
the world. This is a very opportune moment for us
to discuss what children think and what we could do
for the next generation of children, from developing
countries as well as from industrialized countries.
The real thrill for me over the next
thousand years is going to be the
evolution of human society in space
and not just human presence in space.
Simpson: My name is Michael Simpson. I am President of the International Space University (ISU), Karl
[Doetsch]’s successor. My background is in political
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economics and history. The real thrill for me over the
next thousand years is going to be the evolution of
human society in space and not just human presence
in space. I really look forward to discussing that concept with you.
I also have the unusual combination of an MBA
that I’ve tacked on at the end of my Ph.D. and master’s
degrees in political science.
The activity that I think many of you might be interested in that is going on right now, practically in your
backyard, is the summer session program of ISU, which
has just convened in Vancouver, Canada. It takes place
in a different city every summer. This year we have 101
students from 27 nationalities beginning to build the
future. These are folks who are in higher education for
space because they’re in the field of space. You might
be interested in knowing that these folks are going to
be working towards building the kind of future we’re
talking about – looking at team projects, near-Earth
objects, wildfire mitigation, and robotic exploration of
the inner planets. Interesting things; I think we’ll talk
about some of that during this session.
At Tufts I also hold three
professorships, in physics, astronomy,
and the school of education. I also
teach astrophysics and cosmic
evolution at Harvard University.
Chaisson: I’m Eric Chaisson. I am with Tufts University in Boston mainly. If you are in Harvard Square
and take the subway two stops to the east, you come
to MIT. But if you take the subway two stops to the
west, you come to Tufts. We’re all basically lined up.
At Tufts I direct the Wright Center for Science Education, which is part of the Fondation H. Dudley Wright
of Geneva, a worldwide organization that attempts to
improve science literacy at all levels.
At Tufts I also hold three professorships, in physics,
astronomy, and the school of education. I also teach
astrophysics and cosmic evolution at Harvard University. And I’m happily associated with the Massachusetts
Space Grant Consortium at MIT. If that sounds like I’m
a moving target, that’s the whole idea. With academic
politics the way they are, it’s best that no one knows
where I am at any one time. Also, I am a member of the
board of the Foundation For the Future.

I suspect that humans in space will
be part of the implementation of
any scheme to be part of the “fire
department” that heads off those flips.
Calvin: I’m William Calvin. I’m a Professor at the
University of Washington, across the pond. I am basically a neurobiologist but I doubt that I’ll talk very
much here about circuits in the brain for improving
the quality of what you’re going to say next to make
sure that it’s not only coherent but of higher and
higher quality.
The process of evolving that kind of brain in the
last several million years involved a lot of population expansion, range expansion, and then getting
stranded when the climate changed so that you have
small pockets of individuals making a living, inbreeding a lot, and that’s the basic setup by which new
species get formed in all sorts of animals.
The mechanisms for climate change are also of considerable interest to me. I wrote a cover story for The
Atlantic Monthly about seven years ago called “The
Great Climate Flip-flop,” and you’ve been reading a
lot, more recently, in the papers about abrupt climate
change. The message tends to come across as one of
ice sheets forming instantly, but that’s not really what
happens. The whole world gets hit with worldwide
droughts. Implications for stabilizing the climate so
that it can’t flip like that in a matter of about five years
– that is going to be a major agenda, and I suspect that
humans in space will be part of the implementation
of any scheme to be part of the “fire department” that
heads off those flips.

I began my career in the area of space
robotics. I did my doctoral research in
that area and my early career.
From there, I developed an interest
in space exploration.
Sallaberger: I’m Christian Sallaberger. I work for
MDA, which is the main space company in Canada. I
am Director of Space Exploration there, which allows
me to be responsible for the planetary programs. We
do Moon and Mars activities.
I began my career in the area of space robotics. I
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did my doctoral research in that area and my early
career. From there, I developed an interest in space
exploration. I worked for the European Space Agency
for a while in its early Moon-technology development
and mission planning. I moved to the Canadian Space
Agency where, among other things, I initiated the
Space Exploration Program for the Canadian Space
Agency, including consultation with the stakeholders
across Canada. That also included getting that program approved by the Canadian government and the
initiation of the program once it was approved.
I also am fairly active in a number of international
organizations. I’m in the International Academy of
Astronautics. I also am quite involved with the IAF,
where I chair the Space Exploration Committee, and
with the International Space University, where I have
been a faculty member for a number of years. I am currently Vice Chairman of the Board of the university.
I’m very happy to be participating in this workshop.
… the establishment of Centres
for Space Science and Technology
Education in the developing world.
Five of those centers were established
under my supervision.
Abiodun: My name is Adigun Ade Abiodun, originally
from Nigeria. I am one of the beneficiaries of the relationship between the United States and many African
countries at the time of independence. I’m a graduate
of the University of Washington. I left the campus in
1971. During my stay here, I was on the staff of The
Boeing Company, involved with the hydraulic systems
of the 737 and 747. Then I went back to Nigeria as a
teacher at the University of Ife in the field of hydraulics
and hydrology. That was the time when LandSat-1 was
launched – just as in Dr. Young’s case, that made a difference for me. It was at the same time when the UN
was trying to translate the recommendations of its first
Conference on Outer Space into practical applications,
so I participated in a United Nations training course
held in Tarbe, France, in 1973.
Thereafter I went to Canada as a Fellow of the
National Research Council of Canada and undertook research in remote sensing at the Canada Centre
for Remote Sensing, Ottawa, and eventually joined
the UN in the office that was called, at that time, the
Outer Space Affairs Division. After that, I went back

42

to Nigeria and started teaching again, and finally I
was invited in 1976, by the Government of Nigeria,
to participate in the meeting of the United Nations
Committee on the Peaceful Uses of Outer Space in
Geneva on behalf of Nigeria.
The UN then asked Nigeria to send me to the UN,
so I joined the UN in 1977, and later on, in 1981, I was
appointed the United Nations Expert on Space Applications. I said, “All the industrialized countries are
going into space, but the developing countries are not.
They are just watching on television. What should we
do?” With the help of two gentlemen here – Professor
Rao and Dr. Kasturirangan – and many other people
around the world, we started looking at the establishment of Centres for Space Science and Technology
Education in the developing world. Five of those centers were established under my supervision.
I retired from the UN in 1999 as a United Nations
Expert on Space Applications, and then the government of Nigeria invited me to come home and serve
as Advisor to the President of Nigeria. My official title
was Senior Special Assistant to the President on Space
Science and Technology. But there is a limit to how
much you can mix science, technology and politics.
Thereafter, I was elected Chairman of the UN Committee on Outer Space. I am going to transfer that
post to my French successor next June. Thank you.
I had the fortune of being involved in
some capacity in everything in space
that has been done by Canada
through all its space programs …
Jha: My name is Virendra Jha. I am Vice President of
Science, Technology, and Programs at the Canadian
Space Agency. Essentially the space agency is a run by
two Vice Presidents, one for the administration and one
for the technical side. I am responsible for the technical
side. Whenever I show up at international gatherings,
one of the questions I am asked is, “Where are you
from?” And when I say from Canada, they say, “No, no,
where are you really from?” So, I have to explain that I
was born in India; I did my bachelor’s degree from IIT
[Indian Institute of Technology], Delhi, and came to
Canada to do my master’s and Ph.D. degrees. After that
I started working at RCA, Limited, which was the space
manufacturing company in Montreal. Subsequently it
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was acquired by SPAR Aerospace, which was another
space manufacturing company.
I worked in the private sector, starting from
mechanical engineering, doing design work in thermal
and structural analysis and slowly moving into management positions. I eventually left SPAR Aerospace
as Head of Engineering. I had the fortune of being
involved in some capacity in everything in space that
has been done by Canada through all its space programs: all the satellites, communication satellites, radar
satellites, robotics that Canada has done in space.
About 13 years ago I joined the Canadian Space
Agency, and now I represent that organization. I have
been active with some of the international activities.
I represent Canada in CEOS [Committee on Earth
Observation Satellites] and GEO. I am also responsible for Canada’s participation in the European Space
Agency program, and I am also Vice President of the
IAF organization. I’m very happy to be here.
Facilitator: Thank you. I would like to take note of
two observers who are also directly connected with
space in one capacity of another. First, Debra Lepore
from Kistler Aerospace.
Debra  Facktor  Lepore  (Observer): I am Vice President of Business Development and Strategic Planning
for Kistler Aerospace Corporation. I will extend my
welcome to you, to the Pacific Northwest. Walter
[Kistler] and Bob [Citron], as you probably know,
were the founders of Kistler Aerospace, so we owe a
lot to them. I have been there for eight years. I also
want to extend the thanks of Dr. George Mueller, our
Chairman and Chief Vehicle Architect, who is unable
to be with us today.
For my own career, I have been involved in aerospace for about the last 17 years. I started out in
Washington, DC, working on launch vehicle studies,
mostly involved with strategic defense and heavy-lift
vehicles. I spent two years in Russia as the Head of
ANSER’s Moscow office, and worked a lot of international cooperation between Russia, Ukraine, and
Kazakhstan at the end of the Cold War to set up
joint relationships with the West. I came to Kistler
Aerospace to work all of our customer and business
development activities.
I am an engineer by training with bachelor’s and
master’s degrees in aerospace engineering from the
University of Michigan. I’m very delighted to be here

and observe and contribute in whatever way I can. I
know many of you from the International Academy
of Astronautics, of which I am a member. In fact, I am
the Secretary of Commission 5 on Space Policy, Law,
and Economics.
One of the most interesting things that Dr. Kasturirangan and I worked on for quite a long time was
Space for Peace, looking at ways to utilize space assets
for reconstruction, particularly in Afghanistan, and
take that as a next step for a model for how to use
what we know in the space community and apply it to
other areas in need that don’t have access to or knowledge of that information. I think that might be a key
area that we’ll look at for how we can apply space to
the future.
Facilitator: Thank you. And the second observer is
Leonard David.
Leonard David (Observer): I am a journalist for Space
News newspaper and Space.com, an Internet website.
I have had a long, passionate interest in space. As a
kid, I saw Sputnik and was pretty much interested
in astronomy even before Sputnik. I have followed a
career in writing about space exploration, trying to
follow most of you folks here in this room and get
your names spelled correctly.
I am a survivor of 30 years of Washington, DC. I
just left about three years ago and moved to Boulder,
Colorado, and am sort of still shaking from the experience of three decades of Washington. I found out
that DC means direct current. It was an interesting
experience and made me better appreciate the politics of space, but I still try to hold onto my childhood
innocence from way back and try to preserve why I
got interested in space many decades ago.
I’m right in the middle of a series on weaponization
of space, which I think is one of the more interesting dynamics that’s happening right now. I hope you
bring that up in your conversations here, because I
think it is one of the more loose-ended problems we
have right now. Also, on the flip side of optimism is
space tourism. I’ve been writing a lot on space tourism, which is the exact opposite of things. It’s great to
be here. I appreciate the opportunity to participate.
Facilitator: Thank you. That concludes our introductions. It’s hard not to recognize and take note of
the incredible brainpower that’s present in this room.
I’m really looking forward to the rest of the seminar.
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Presentations Guidelines
To provide a common base of initial information for
workshop participants and to add to the Foundation’s
knowledge base of speeches, five presentations were
invited for the “Humans and Space” workshop, including a keynote address given at the opening dinner and
two presentations opening each of the first two days of
meetings.
Facilitator:

Sesh Velamoor

Participants:

Plenary Session

The Foundation has arranged for five
speeches to address key subjects in our
larger topic of “Humans and Space:
The Next Thousand Years.”
Sesh  Velamoor  (Facilitator): The Foundation has
arranged for five speeches to address key subjects
in our larger topic of “Humans and Space: The Next
Thousand Years.” The first of these five you heard last
night, if you attended the opening dinner. Dr. Peter
Ward spoke to us on the question: “Will We Leave
Earth for Permanent Space Colonies?” Dr. Ward was

particularly well chosen for that address because, as
you just heard, he is a geology professor at the University of Washington and Principal Investigator for
NASA’s Astrobiology Institute. Most of you are already
familiar with his book Rare Earth: Why Complex Life
Is Uncommon in the Universe.
This morning Adrian Berry, who is the Consulting
Editor in Science for The Daily Telegraph in London, will speak on “Miners of the Sky,” and Dr. Karl
Doetsch, Chairman of the Board of Athena Global in
Canada, will speak on “Space Technology and Environmental/Social Challenges for AD 3000.”
Tomorrow morning, we will again hear two key
presentations. Dr. Laurence Young, Professor of
Astronautics at the Massachusetts Institute of Technology, will address the question: “Why Mars?”
with emphasis on the issue of human adaptation to
long-duration space flight. And Dr. Robert Frisbee,
Senior Engineer at NASA Jet Propulsion Laboratory
in Pasadena, will tell us about “Advanced Propulsion
Systems” for space vehicles.
Each of the speakers today and tomorrow will
have approximately 45 minutes to give his speech and
to take what questions you have from the floor.
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“Will We Leave Earth for Permanent
Space Colonies?”
Keynote Address by Peter D. Ward
Dr. Peter D. Ward is Professor of geological sciences,
Professor of zoology, and Curator of paleontology at the
University of Washington, Seattle.
There is no person better qualified to
reflect on the past and, perhaps,
the possibilities of life in space in the
future than Dr. Peter Ward …
Velamoor: Good evening and welcome. We will start
the seminar with a keynote speech. Since we are going
to be discussing the future of humans in space over
the next thousand years, it is important to put that in
perspective with an examination of the past. There is
no person better qualified to reflect on the past and,
perhaps, the possibilities of life in space in the future
than Dr. Peter Ward of the University of Washington. He’s a Professor of geological sciences, Professor
of zoology, and Curator of paleontology at the University of Washington, here in Seattle. His book Rare
Earth: Why Complex Life Is Uncommon in the Universe [with Donald Brownlee, Springer-Verlag New
York, 2000] has been very, very successful. In 2002 he
published Future Evolution: An Illuminated History of
Life to Come with illustrator Alexis Brockman [Henry
Holt]. Dr. Ward’s latest book is Gorgon: Paleontology,
Obsession, and the Greater Catastrophe in Earth’s History [Penguin, 2004]. He has published more than
80 scientific papers dealing with these topics. He was
recently named Gallager Professor of Geology at the
University of Calgary, and was awarded an Affiliate
Professorship at the California Institute of Technology, America’s premier science university.
Dr. Ward?

If we want to go into space,
we can do so in orbiting colonies
or we can go to planets.
Ward: Thank you. This is the hardest time to give a talk
because you’ve all had good food; you’re into your second glass of wine; and some of you have just flown in
from France. I can’t imagine what it would be like to sit
through an after-dinner talk after flying all night. So,
we’ll try to make this short and sweet – though some of
you may end up throwing things at me.
I come here as part of a duo. My friend and partner is Don Brownlee, who is the head of the Stardust
Mission. Don and I have been working together for
a long time. I’ve picked up a lot of his comments and
thoughts about space flights, and he’s picked up some
of my comments and thoughts about the deep past.
We’ve tried to merge these interests.
What I would like to do now is think as a biologist. I began my training as a geologist, but it is as a
biologist that I would like to ask: Will we leave Earth
for permanent space colonies? Tonight I want to look
at colonies of the past, colonies of the present, a little
bit about colonies of the future, just to set some of the
topics that I think we’ll all be thinking about over the
next couple of days.
If we could really look at the aspect of colonization of space, I would start out thinking about the
past great human migrations and figure out colonizations for Earth, and then colonization of the solar
system. Then I would want to bring up a couple of
the dangerous aspects. Biosphere 2 is an object lesson about how hard it will be. That was a very good
experiment, showing us some of the difficulties we’re
going to have.
If we want to go into space, we can do so in orbiting colonies or we can go to planets. We should really
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think about what kind of planets we need. We are terraforming our own planet at the moment. We’re doing
it with CO2; we’re doing it with industrial toxins; and
we’re doing it in ways that humans may not appreciate
in a few centuries.
We would like to know where we could go. A lot
of really interesting work is now going into what we
call the Hundred Nearest Stars Project. Maggie [Margaret] Turnbull, who’s a Ph.D. at Arizona, is working
with the study group, and she has now identified the
closest hundred stars. Well, that’s easy to do, but now
they are trying to figure out, based on stellar type and
other considerations, which of these closest hundred
could be targets for colonization. Certainly, a lot of
thinking is going into this. And because of the potential of the Terrestrial Planet  Finder mission, which
has to have targets set, too, NASA is thinking about
targets: What stars should we even start imaging,
looking for rocky planets? The nearest hundred stars
would have to be part of our calculations when we
think about colonies.

Humans don’t do well in space. If we
go, how long can we last in space?
If we go, what do we have to take?

Certainly, we need to talk about how humans can last
in space. There are people here who know much more
about this than I, but we can all attest that the initial
several decades of experience are not good. Humans
don’t do well in space. If we go, how long can we last
in space? If we go, what do we have to take? What
would be the necessary biological companions that
we would have to take for colonies?
Can we build the technology necessary to get us to
the stars? Can we ask several generations of humans to
never see a planet, but live generation after generation
after generation in a starship while it slowly makes its
way to one of these nearby stars? That is what technology is certainly going to be forcing us to think about
over the next several millennia unless we have some
breakthrough like Star Trek, which is doubtful.
Finally, what about the “dismal science,” economics?
Science fiction is wonderful, but in science fiction you
never see the bottom line. Nobody ever pays. Where
does all that money come from for the fuel for the silin48

ium crystals? You don’t see those things, and yet those
are things that we really need to think about.
Certainly we’re on an island; can we swim to the
next island? And anybody who’s on the island has to
come to grips with the possibility that you can’t get
off. That’s something that the science fiction industry
never thinks about, but it’s something that everybody
in this room should think about. We may never get
off the planet.

What is it that caused humans to head out?
And are those same stimuli going to cause
us to head out into space?

So, I want to start with permanent colonizations of
the past. For a few minutes I want to think about a
Jared Diamond experiment: What would it have
taken in the past to stimulate people to head out?
And are those conditions similar to what we might
see in trying to colonize the stars? Certainly, our species began in Africa. We then spread out around the
globe. Think about the migrations of Homo sapiens.
We began 200,000 to 250,000 years ago in a small
region of Africa, and then we began to move out.
You might ask the first question: Why? We were sitting there in this wonderful basin, presumably we had
all the things we needed, and yet our species began
walking out of there. Those moments will forever,
of course, be lost to us. We don’t have any record of
those people; there are no written records. But we can
imagine: What is it that caused humans to head out?
And are those same stimuli going to cause us to head
out into space?
We moved to other parts of Africa 100,000 years
ago. We hit Australia about 60,000 years ago. We
worked our way across large regions of the globe
– Europe 40,000 years ago, Siberia 40,000 years
ago, and then we made the jump, perhaps 12,000 or
30,000 years ago to North America, Chili 12,000 to
13,000 years ago. And finally we made the last of the
big pushes that headed us out into the Pacific. It is
perhaps these last migrations, the Oceana migrations,
that might have the greatest relevance to what we are
talking about here, stepping out into space. We have a
tremendous amount of biological information about
these migrations, and it’s not just from archaeology.
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We can now type blood; we can look at DNA; we can
compare the peoples from around our planet and recognize the epic scale and epic nature of some of these
migrations. So, we have evidence and evidence that is
not just archaeological.
We probably have also met the equivalent of extraterrestrial intelligence because our species did meet
another intelligent species. Homo sapiens certainly
did overlap with Neanderthals. And as far as we can
tell, it was a human species, but certainly not our species. So, here’s an analogy for perhaps what might
happen if we do get out in space and we meet other
intelligences. What happened when we met that intelligence? Well, we may have assimilated them; we may
have outcompeted them; or we may have eaten them.
We hope those aren’t the possibilities when we get
into outer space.
The most analogous, I think, were peoples who were
getting into small boats and heading out, not really
knowing if there was going to be any reasonably habitable place when they reached where they were going.
The others were walking across large continents. We
know that there were enormous treks and migrations
in the colonization of the Pacific and that some of
these societies existed and some of them failed.
The aspect of the colonization of the Pacific that
most intrigues me is that in almost every single case,
these colonizations were waves of people. It was not
a matter of one boat getting there and nobody else
came. This was boat after boat – maybe 100 years
went by, maybe 50 years went by. In terms of genetics,
we continued to have the gene pool expanded by the
appearance of more new people. What interests me
and scares me is that when we make our first jump,
if we ever do, to a distant star, and we load people up
in that starship, are we going to send ship after ship
after ship before we hear: “There’s nothing here. Turn
around!”

It may be more akin to the Jamestown colony, where
one group of colonists got there; nobody else came …
and they died out. This, to me, is the scariest aspect …

This scenario might not be a good one for us to model.
We may be thinking about migration where you send
one out and you may not hear back for centuries. Are

you going to send another? Probably not. It may be
more akin to the Jamestown colony, where one group
of colonists got there; nobody else came secondarily
to repopulate them; and they died out. This, to me, is
the scariest aspect and what we really need to think
about.
Why go? Well, there are economic push/pull factors: better employment, escape overpopulation,
escape poor climate conditions and natural disasters.
There are political and social causes: to escape wars
and military takeovers, to escape persecutions. Economics might be resource driven: better economic
conditions, more food, better jobs. Escaping overpopulation is one that certainly resonates with the
Earth’s condition now. We have 6 billion people and
we’re heading towards 11 billion. Why not head off to
Mars, where there is a lot more real estate?
Maybe the reason to go is to escape poor climate
conditions. There are rapid and continual climate
changes on planet Earth, and migration will escape
national disasters. Maybe the reason is political. We
have seen an awful lot of political dissension that has
caused movement in human history. Look at Australia.
It’s an entire continent of convicts: migration to escape
prosecution for crimes. And they are doing fine.
… why don’t we just stay here? Well, the answer is:
We can’t … There are three very simple reasons:
climate change, the loss of carbon dioxide, and
the enlargement of the Sun. It is the latter two that
ultimately doom us on this planet.

So, there are lots of reasons that move people around
our planet: migrations to spread religion, migrations
to reunite families, migrations to spread political philosophy. But when you really think about it, do any of
these relate to what we would do in outer space? To a
large extent, they don’t. The way we spread around this
planet may not be a good model for trying to head out
into outer space. Many of these same factors will not
come into play. If it’s going to be hard to migrate – and
I’m going to tell you that it is – why don’t we just stay
here? Well, the answer is: We can’t. We have a good
long time, but we don’t have forever. Let’s take a little
digression and see what we have in store for us on
planet Earth and why we will have to leave. There are
three very simple reasons: climate change, the loss of
carbon dioxide, and the enlargement of the Sun. It is
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the latter two that ultimately doom us on this planet.
I could get fired as a card-carrying professor to tell
you that the most dangerous thing facing us is carbon dioxide. If I said aloud to my classes, “We should
have more carbon dioxide, because when we lose it
we’re going to die,” I would be pilloried. You hear:
“Global warming is a terrible thing; too much carbon
dioxide is horrible.” Well, the loss of carbon dioxide
is much worse. What happens on our planet because
of plate tectonics is that we are sequestering carbon
dioxide through geological means. Look at the Rocky
Mountains and look at Banff and see these great big
limestone cliffs. That is carbon that is lost to our
planet. As we build continents and we sequester carbon on the continents, the carbon dioxide level in our
atmosphere has been dropping. According to current
projections, it will drop to a point where, between
half a billion and a billion years from now, there will
not be enough carbon dioxide for plants. So, the age
of animals will come to a tumbling end. The first “end
of the world,” as we see it, will be the loss of plant life.
Twenty million years after the last plant dies, oxygen
will go to 1 percent of its current level.
We know the calculations and we know the physics. We can set up big government projects and release
more CO2 into the air, but I might be unique in thinking that we should burn it now, because we may need
it later.
Temperature is the other problem. When global
temperatures reach about 60 or 80 degrees, we will
start losing our ocean. We can see it now. The Apollo
astronauts saw some of this from the Moon. We are
losing our oceans at very low rates at the moment, but
when temperatures hit 60 to 80 degrees centigrade, it
happens much more quickly.
There are lots of box models being done, and predictions can be made about temperatures. But it’s
global biological productivity that’s the most interesting. People have now looked forward and back, and it
turns out that our planet had its highest rate of productivity about the time of the Cambrian Explosion, a half
billion years ago. Since then the productivity of planet
Earth has been dropping. Earth is a very strange planet
in that animals came so late to it. The greatest moment
of life on Earth was really the bacterial agents. There
was more carbon being fixed then by the slime of our
planet than all the animals around today.
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… we are sitting between two great
ages of bacteria … if we’re lucky, we
will go into a second microbial age.
And that will be the history of
life on planet Earth.

The irony, too, is that we are sitting between two great
ages of bacteria. We are the animal sandwich between
the ages of bacteria. We had a first great microbial age
to 4 billion years ago when animals started coming on
the planet, and animals again will die out with the loss
of carbon dioxide in about a half billion to a billion
years. Then, if we’re lucky, we will go into a second
microbial age. And that will be the history of life on
planet Earth. We as humans, assuming we can last
until the end of the age of animals, would then really
have to leave this planet. The loss of carbon dioxide,
again, is the consequence of plate tectonics and the
enlarging Sun, and will spell catastrophe for biotic
food chains.
Unidentified speaker:

tures?

What about relative tempera-

Runaway greenhouse is much worse. It starts
in about 3.5 billion years … it will melt the
surface of the Earth and kill everything.
Ward: Temperatures will certainly drop as well, but
because the Sun gets bigger, it balances it out. There
are really two fates of the ocean with the rise in temperature. One is good; one is bad. Moist greenhouse
starts in about a billion years, and the ocean is lost to
space. Surprisingly, the moist greenhouse is the lifesaver, because temperatures will still stay low enough
that we can have microbial life, even though the
oceans are gone.
Runaway greenhouse is much worse. It starts in
about 3.5 billion years. What will happen is that it
will melt the surface of the Earth and kill everything.
We’re not quite sure which of these two fates is going
to unfold, but we do know that after that, things will
get even worse. We’re now about 4.6 billion years after
the Sun’s formation. The Sun will continue to enlarge
in size until it turns to a Red Giant, which will be the
end of the Earth as we know it.
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Twelve billion years after now our Sun, which will
already at this point be ten times brighter than it is
now, will suddenly go through a series of spikes. The
Earth’s final 250 million years will then take place. The
lunar surface will melt; the Earth and the Moon will
actually blow; and Europa will become the most valuable real estate in the solar system. Then we will have
the end of the world with a final series of spikes, and
due to tidal effects the Earth will become assimilated
into the Red Giant Sun. The Sun will expand to about
the orbit of Earth. And it’s all over.
Now, there is one way out of this. It involves engineering on a massive scale, and I propose to you that
we can all do it. It involves going to the asteroid belt
and getting very large asteroids and throwing them at
the Earth and having them just miss and move out.
Every time this happens, there is a little angular jerk
and the Earth can be moved away from the Sun. Now,
the government has to do this several billion times
and never miss. (The dinosaurs can attest to that.) If
you can believe that that can happen, we can move
the Earth.
But by that time, perhaps it would be better to
move us. So, let’s continue to think about where to
go. How about new places on Earth? Well, there are
two places to go: Antarctica or underwater. When I
was growing up, there were wonderful movies about
the cities under the sea. So, what about Antarctica?
Antarctica is a great place; nobody owns it; it has lots
of real estate; there are no traffic jams; and you can
breathe the air.

It would be a whole lot cheaper and a whole lot more
practical to colonize Antarctica than Mars.

The reason I stress this is that the next-best place we
think about is Mars. It would be a whole lot cheaper
and a whole lot more practical to colonize Antarctica
than Mars. In the first place, you can get to Antarctica
pretty quickly; you’ve got resources there; you’ve got
minerals there; you have everything you need for a
colony to work there, and the same may not be the
case for Mars. I raise this point because we hear so
much about the colonization of Mars and yet nobody
is fighting for the colonization of Antarctica. In terms

of money, material, and even common sense, it would
make a whole lot more sense, to me, to colonize Antarctica, and we know that’s not going to happen. Mars
might. Otherwise, we can think of the asteroid belt or
put colonies on other stars.
What are the possibilities and what are the engineering prospects for heading out into space? I want
for a minute to think about an experiment on outer
space colonies. That experiment is Biosphere 2, which
was a great experiment in the Arizona desert. It is now
open for daily tours. It’s an elaborate, large-scale phenomenon that started out as an experiment to attempt
to determine whether ecosystems could support lives.
Though we really are asking about an orbital colony,
perhaps we’re talking about fairly analogous systems
in size and in complexity. The only source of food for
the people in Biosphere 2 was what they could grow.
Oxygen was from plants and algae, so it was a totally
closed system. In 1991 eight researchers were sealed in
and the world watched.
Well, first of all a lot of money was put into it: $200
million. Biosphere 2 was built with the idea that it
would be sustainable. They had a giant glass chamber;
they had various areas within it that were to mimic
tropical rainforest, oceans, savanna, desert, marsh,
and all the rest. Lots of land was covered in a huge
volume. It looked as though it should be a fun place to
be, in spite of it being closed in. But the result was that
it failed. It failed to sustain eight scientists for even
two years. Within two years, 1993, the oxygen concentration fell to 14 percent. It’s 21 percent sitting in this
room. More alarmingly, carbon dioxide rose to 1700
parts per million. Worse than that were trace gases.
Nitrous oxide was accumulating, and the people had
to get out of there.
And worse things happened. An enormous number of the species that had been put into Biosphere
2 went extinct: 19 of the 25 vertebrate species went
extinct and all pollinating species went extinct. Fresh
air had to be pumped in. Finally, the colonists had
to be extracted. Any way you look at it, this was an
interesting, very expensive experiment that does cast
some doubt – or at least it should cause those of us
thinking about putting complex human societies into
orbit to think about this. This could be a very, very
difficult endeavor.
However, there are various groups that suggest
that maybe space settlement is a good thing. When
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I was going through the Web, I stumbled upon a
NASA website telling us why we should settle space
[http://www.nas.nasa.gov/About/Education/SpaceSettlement/Basics/wwwwh.html]. This website
gives a number of reasons why space settlement in
orbit (rather than on a planet or a moon) is superior:
“Growth. You’ve got plenty of land. A nice place to
live. Great views. Low-G recreation. Environmental
independence. The ultimate gated community. And
custom living – You can do what you want out there.”
This is an official website.
Comet Hale-Bopp, had it hit the
planet, would certainly have sterilized
our planet of animal life. Maybe
not microbes, but all animals would
definitely be dead.

But survival – finally we’re getting down to it – is the
reason to go. This is the eggs-in-basket point of view.
Our planet is an egg; it’s a pretty fragile egg. It has
been hit by rocks from space in the past, and some
of these rocks could be big enough to break the egg.
We’ve had comets come by in recent decades that were
large enough. Comet Hale-Bopp, had it hit the planet,
would certainly have sterilized our planet of animal
life. Maybe not microbes, but all animals would definitely be dead.
So, why go into outer space? Survival, power, and
wealth: There are lots of reasons to go. Maybe these
would not be the ones that I would have put up front,
but we could think about it. Let’s think about the case
for Mars, because we hear from The Mars Society
and others that this is what we really want to do: Let’s
colonize Mars. There are a large number of people
advocating this. Let’s think about the pros: It is feasible; the distance is not too great. Nobody owns it.
That’s a good thing: It doesn’t cost you anything for
the land, first-come first-served. And a good reason
is that it would put us on two different planets, if we
established a viable colony of humans on Mars. Then
if our planet gets wiped out, maybe our species can
still survive. So, that’s a good case.
What about the case against Mars? One of the first,
as so many of you in this room know, is the radiation
hazard. If our astronauts get to Mars, they’re going
to have to deal with a lot of radiation. Now, this was
quite unknown to so many of us in the first decades of
52

space exploration. Did anybody know, when Stanley
Kubrick made 2001: A Space Odyssey that his astronauts would have been fried in Jupiter orbit? No. We
just had no sense of the radiation hazards that would
be present. So, if we go to Mars, we’re going to have to
learn so much about this. It’s also expensive. There are
very few resources.

Plate tectonics sustains us in so many ways.
Not least is that plate tectonics brings up metals that
we need from deep down in the Earth.

One of the wonderful things about living on planet
Earth is that it has plate tectonics. Plate tectonics
sustains us in so many ways. Not least is that plate tectonics brings up metals that we need from deep down
in the Earth. It’s going to be very hard to get metals
for an advanced technical society on Mars – it does
not have plate tectonics. It has a couple of volcanoes,
but lava and basalt make terrible building materials.
Mars is not going to be a happy place for material science. And how, economically, would it sustain itself?
What would Mars build to trade with Earth to keep
its autonomy going? These are hard questions.
Humans in space – at the present time we know of
hard problems, that we have bone loss, muscle loss,
circulatory problems. And what about reproduction?
If we are sending people out for long periods in starships, what will become of the humans in those ships,
in terms of reproductive success? As far as I know, we
have not done that experiment. Do we have an astronaut here? Yes, we have two. Has that experiment been
tried: reproduction in space? I’ll bet it’s been tried,
but perhaps not successfully yet. But this is certainly
something that we’ve tried with lots of other species.
Reproduction is going to be an interesting question.
Solutions. There are lots of solutions, and I’m not
an expert here. We will hear so much about this from
other people, but the one I hear about most is genetically modifying the humans. If humans can’t do it, let’s
make them different. We hear from people like Greg
Stock [author of Redesigning Humans: Our Inevitable
Genetic Future] about modifying humans, so perhaps
something can be done.
What about hibernation? That’s the staple of science
fiction, and yet we know that there are huge problems
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with trying to get humans to go to sleep for long periods of time and to wake back up and have all their
faculties. These are gigantic biological challenges.
One of the big debates now is whether a tidally locked
planet would ever be habitable.
A tidally locked planet is so close to its star
that the same face is always towards that star …

Of the nearest hundred stars, how many are reasonable targets? We’re just beginning this research. What
type of planet would we have? Don [Brownlee] and
I in Rare Earth talked a lot about what planets may
or may not be good. One of the big debates now is
whether a tidally locked planet would ever be habitable. A tidally locked planet is so close to its star that
the same face is always towards that star, so you have
a hot side and a cold side – and maybe the terminator region. The reason this is of interest is that most
of the stars in our galaxy, M-class dwarfs, are so small
that any planets around them that are close enough to
be warm enough to have liquid water will be tidally
locked. So, there’s a tremendous amount of interest
now in whether a tidally locked planet could ever be
habitable or useful for humans. A lot of those closest
stars are M-class, so this question has to be answered.
We haven’t yet found an Earth-like planet. We’re
getting closer, with Marcy and Butler and all the others studying this. We’re just beginning to understand
how many systems do have planets – about 15 percent
of those that have been sampled. How many have terrestrial planets we have no idea. We have just no idea
if the Earth is rare or not.
Finally, can we risk the expense? Say we have a star
image, that we’ve imaged an Earth-like planet on it,
and it’s three or four light-years away. What would it
take, as a society, to send a ship out there, not even
knowing if we could breathe when we got there or live
when we got there? Again, these are not trivial decisions that have to be made.
So, how do we get there? Using available technology, it really looks doubtful that we could successfully
colonize stars. Certainly we would have to create new
technology to do it. Attaining some fraction of the
speed of light using drives – maybe antimatter drives;
they’re the ones that I see bandied about – and I have
no conception of whether this can be done or not.

Of more interest to me are the necessary biological
companions, and now we’re just coming to grips with
the fact, as they found out in Biosphere 2, that even
when you think you have the right companions, putting them in a box may not be the way to keep them
alive. My wife and I have a 20-gallon aquarium. We
kill fish with gay abandon. We test the water; we fix
it … we quit naming the fish because our little eightyear-old would fall in love with Junior – then the fish
would die. This is like a starship. You’re going to put
a lot of stuff in and try to keep them alive … except
in this case, it’s not a hobby; it’s going to be life and
death. So, what you have to take must be very carefully thought out: the vegetables and animals to go,
the decomposers. But perhaps the greatest thought
will have to be for the biological microbial companions. We’re so animal-centric, yet we are so dependent
upon microbes for our life and for keeping our food
sources alive.
We know so little about microbes in space. We
have sent up polliwogs in the space station, but we
haven’t sent enough bacteria up to the space station
to try to understand what’s going to happen to those
necessary biological components.
Propulsion systems, chemical ion testers: What
sort of technology are we going to have to get to? It’s
not chemical that’s going to get us out there.
Why is interstellar travel so difficult? The first reason is the most obvious: the distances. I think we do
a disservice by saying that something is “three lightyears away,” or “four light-years away.” How far could
four of anything be? It is a light year, and there are
only four of them – that can’t be so bad!

Accelerating the USS Enterprise to half the speed
of light would require 2,000 times the total
annual energy output of planet Earth.

Our current interstellar spaceships, Pioneer 10 and 11,
are going to take 10,000 years to travel a light-year.
Well, we’re not doing too well so far. And the energy
sources. Accelerating the USS Enterprise to half the
speed of light would require 2,000 times the total
annual energy output of planet Earth. That’s also a
hard problem to overcome.
These, then, are certainly the obstacles. Because I
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was given the object of thinking about the next thousand years, are these issues that we can overcome in a
thousand years? Again, I think some of the discussions
here in the next couple of days will be very fruitful.
Starship propulsion? Chemical rockets are impractical for interstellar travel. What about antimatter?
You hear a lot about this. It would be a lot of energy,
but where are you going to get the fuel? How are you
going to get the energy to make the fuel? And how
are we going to store the fuel when we get it? Nuclear
rocket – I love this. George Dyson is a friend of mine,
and his father, of course, was one of the chief engineers on the Orion Project. Freeman Dyson worked
on this, and George wrote about it in his book [Project
Orion: The True Story of the Atomic Spaceship, Henry
Holt, 2002]. The idea was to explode hydrogen bombs
at the back of a spaceship. Here was a mile-long spaceship that was thought-up in the Los Alamos labs in
the 1960s and a huge amount of money went into this.
They spent millions and millions of dollars coming
up with a design: a mile-long craft that drops hydrogen bombs into the back and blows them up to propel
the spaceship. They were going to colonize or at least
look at the entire solar system by about this year using
that. They even had a Jupiter mission set up – it was
so ambitious! And then one day the project was cut
off and everybody rolled up the towels. They were just
moved out. But this was a hugely ambitious project
that could conceivably work. Adam Bruckner is here
and could speak much more about this.
There is an interesting science fiction novel, Footfall [Random House, 1986], in which Larry Niven and
Jerry Pournelle built one of these and it wiped out
the alien elephants. It was nice that they took Project
Orion and brought it out, but they didn’t talk about
all the people who were beneath that spaceship when
the hydrogen bombs blew up and sent it into space.
They’re dead. We’ve got that problem.
Other propulsion methods – how about ships that
don’t carry their own fuel, interstellar ram jets, solar
sails. All of these ideas are out there, but how close is
it, really, in a practical sense?
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Who pays for all of this? How in the
world will we pay for going to another
star? Beyond that, how in the world
will we pay for going to Mars?

Who pays for all of this? How in the world will we
pay for going to another star? Beyond that, how in the
world will we pay for going to Mars? The economics
of space colonization is rarely discussed but may be
the biggest problem of all. I’m peripherally associated
with NASA; I am the head of the NASA Astrobiology Institute at the University of Washington. But
being just this close to NASA, we get all the edicts,
and when there are seismic events in NASA, we feel
it. When the “Moon, Mars, and Beyond” came a year
and a half ago, a bunch of us were sent down to Houston because we were told that there would be a lunar
mission and there was to be no science involved, that
the Bush group had said, “We’re going to the Moon
but we’re not going to do any science.” And they asked
us, “Can you cobble together a bunch of really interesting science projects that could be done if they go?”
It was that ad hoc and that quickly done. Now, there’s
no money to do that, and yet we were told to come
up with ideas for the missions. So, we were highly
mission-oriented but there is no money to do the
missions.
We’re talking about not enough money to go to Mars
and yet we want to go out and colonize space. I’m very
curious and would like to see in the discussion how a
planet could itself somehow to pay for it all.
Finally, where are the aliens? With modest
improvements in technology, maybe within a few
thousand years we could colonize a few nearby stars.
Let’s say that we get over the problems; we get the
money; we go out. The idea is that within a hundred
thousand years we could have spread to hundreds of
light-years out, hundreds of stars. And then in a few
tens of millions of years we’ve now spread way out
there, and we could have outposts throughout the galaxy. Now, assuming that it takes five billion years to
rise and the galaxy is 10 billion years old, you would
think that somebody would be there ahead of us. It’s
hard to think that we’re so special that we’re the first
ones. People have done this math over and over and
over, and have suggested that there should have been
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plenty of time to colonize the galaxy. Well, I have been
a persistent critic of SETI – perhaps unfairly to them
– but they just got under my skin when we published
Rare Earth because to them it was the “it burns” book.
They didn’t like to hear that, and yet SETI doesn’t tell
you that they have now searched a pretty good area
of the sky with no hits and that part of the experiment is already done. Carl Sagan suggested that there
should be one million intelligent civilizations in our
Milky Way. SETI has already disproved that, unless,
of course, these intelligent civilizations just don’t
throw out radiation.
We’re already moving to the point where we know
that there are probably not a hundred thousand civilizations in the Milky Way. Seth Shostak [SETI Institute
Senior Astronomer] admits that within 50 years SETI
might hang it up, saying. “We cannot detect any civilizations in the Milky Way; we quit.” There simply may
not be a lot out there to find in terms of intelligent life.
My suspicion is that we’re going to stay here for the
next thousand years, that we will not have colonies
anywhere. But, on the other hand, I hope and feel that
we will certainly visit most, if not all, of our solar system in the next thousand years. The two targets that
I advocate most, in terms of biological emphases, are
Mars, because as a paleontologist I think that that’s
where we want to go for fossils, and Titan, because
that is perhaps the most diverse place in the solar system after the Earth.

Titan is the place we should go to, and it’s where I would
advocate that we do a manned mission.

I can give you a number of biological reasons why we
could have that most sought-after beacon of science
fiction lore, silicon life – actually silicon carbon life
called Silane. There are very good chemical reasons
to believe that in liquid methane we could produce an
alternative kind of life that is not DNA life, and that
Titan would be the only place where we could have
this. But we could have carbon life there as well. A
lot of us are now thinking that we have put so much
emphasis on studying hot life, but the big push in the
NASA is cold life. We have any number of people
who are now thinking, just as a thought experiment:
Can we take a modern cold bacterium and replace its
water with ammonia and demonstrate that it can live?
Experiments are moving along those lines because
there’s a lot more cold real estate than hot real estate.
Titan is the place we should go to, and it’s where I
would advocate that we do a manned mission.
I’m going to finish with that. I will be happy to see,
over the next couple of days, how these discussions
go. Thank you.
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Adrian Berry is Consulting Editor in science of The
Daily Telegraph, a London newspaper. He has written
and reported science news for 35 years.
Perhaps the most interesting question
about space travel in the coming
millennium is who, if anyone, is
going to be in charge of it.

Perhaps the most interesting question about
space travel in the coming millennium is who, if
anyone, is going to be in charge of it. People tend to
assume that this will be some government body such
as NASA, or some intergovernmental agency such as
the so-called “World Space Council” that appears in
some science fiction novels, or perhaps, as in the Alien
films, some sinister all-powerful private organization
known as “The Company.”
Indeed, until very recently, some very senior officials at NASA have been convinced that they will
always be in charge, not only bearing general responsibility but in planning every step. As one of them put
it about 14 years ago: “Space technology progresses
like a staircase with steps and landings. On each landing, we pause to look back and forward, reassessing
where we are, catching our breath, and then beginning the assault on the next plateau. This is exactly
how human progress is going to work in space, quite
as on Earth.”
Now, if it is permissible for a foreigner to criticize
America’s space agency, I must say that this sounds
rather doubtful. I don’t think this is how human
progress is going to work in space, and I don’t think
it has ever worked like this on Earth. Indeed, when
one looks back at the unpredictably rapid bursts of
technical advances, one gets the impression that this
scenario is extremely unlikely. And since NASA and
other government space agencies in the world tend
to act rather slowly, it cannot be more than a matBerry:

ter of decades before private industry outstrips them.
Already we see the beginning of this with the winning of the X-Prize by a private company sending a
manned craft to the edge of space, and the ambitions
of several companies to offer space tourism. Perhaps
in less than a century after that, events in space will be
beyond the control of any government.

There are tremendous possibilities for wealth in the
main asteroid belt … all the necessary substances to
construct countless prosperous settlements.

In the coming centuries, driven by technology and
profit, people will expand into space in many different ways. I have no doubt that people and cargo will
be routinely lifted into Earth orbit by elevator. Some
people will be building settlements on the Moon and
Mars, and on the moons of Jupiter and Saturn. Others
will be intent on building starships. I hope some people will be talking about that later. I’m not going to
talk about those projects but of an equally interesting
long-term and vast enterprise, building commercial
empires among the asteroids. There are tremendous
possibilities for wealth in the main asteroid belt,
between the orbits of Mars and Jupiter. There exist
on these millions or more small worlds all the necessary substances to construct countless prosperous
settlements. They are, after all, filled with substances
of incomparable commercial value. Colonizing them
will be the work of many, many generations.
The asteroids, or minor planets, are known now
to exist in enormous numbers, particularly in the
main asteroid belt. A few hundred others pass close
to Earth, causing great concern since one day, one or
more of them is certain to collide with us. But I am
speaking of the main belt beyond Mars. A recent survey by the European Space Agency’s Infrared Space
Observatory estimated the number of them that were
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more than a kilometer in length at between 1.1 and
1.9 million. And some of them are very big, far bigger
than a mere one kilometer across. If these orbited a
planet, they would be called sizable moons. Here is a
table of those with diameters greater than 200 kilometers (slide of “Big Asteroids”).
Here also is a picture of Ceres, the largest one. Note
that it is almost spherical, quite unlike the potatoshaped appearance of smaller asteroids, things like
flying mountains. When an object is more than about
200 kilometers across, its gravity forces it to assume a
spherical shape.
Until the last century, asteroids were of little interest to anybody. The 19th century German astronomer
Ernst Klinkerfues spoke for many of his colleagues
when he called them the “vermin of the skies” because
their images crept like worms across his photographic
plates of the stars.
Later, it was imagined that the asteroid belt was so
densely packed that any spacecraft venturing beyond
the orbit of Mars would be bound to crash into one
of them. But in fact, although they are so numerous, such an encounter would be extremely unlikely.
This fact illustrates what, on the human scale, is the
almost unimaginable vastness of the solar system.
Christopher Columbus, surveying the wealth of the
Americas, prophesied: “Where there are such lands,
there should be profitable things without number.”
The same will apply in future centuries to the asteroids.
Robert Zubrin has called this region the “Persian Gulf
of space,” but I think this may be an understatement
because the Persian Gulf is abundant in only one commodity. The wealth of the asteroids should eventually
exceed by many million-fold the riches of Earth.
In predicting that we will exploit them, I am not
saying anything new. We have been doing so for
nearly 3,000 years. It was the Hittites, that strongwilled people from Syria who waged successful war
against the Pharaohs, who first began to fashion their
swords from meteoritic iron, smelting it with coke to
make it more durable. This began the Iron Age, and
was one of man’s most important accomplishments.
The Trojan War, which took place about 300 years
before this happened, lasted a full ten years because
it was fought with bronze weapons and bronze armor.
The recent movie Troy didn’t entirely make this clear.
Rudyard Kipling commemorated the coming of
the Iron Age with the verse: “Gold is for the mistress;
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silver, for the maid; copper, for the craftsman cunning
at this trade. ‘Good!’ said the Baron, sitting in his hall,
‘but iron – cold iron – is master of them all.’”
The asteroids are rich not only in iron but in many
precious metals. For example, radar observations of
the asteroid 1986 DA, which is little more than a kilometer in diameter, have revealed that its metal content
is worth many tens of billions of dollars. It contains
100,000 tons of platinum, worth about $800 per ounce
at today’s prices. It also holds about 1,000-million tons
of nickel, valued today at about $14,000 per ton in its
pure form, and about $100 billion worth of gold.
These prices, of course, fluctuate enormously, but
they do give force to the 1990 Augustine report to the
White House on the long-term future of the US space
program that asteroids will eventually have to be
mined, as metals become scarce on Earth. Platinum,
for example, is particularly prized because it removes
environmentally harmful gases from car exhausts in
catalytic converters, devices that are gradually becoming compulsory in many countries.
And I’m not thinking only about replenishing the
resources of Earth. This will be only a sideline in the
long-term future. These metals will be of important
use in space itself – metals that can be found up there
and used up there.
A Shuttle mission still costs upwards
of $500 million. Yet these vehicles are
like islands of scarcity in a
vast ocean of plenty.

Space travel today is far more expensive than it needs
to be. One of the many reasons that the Space Shuttles
are so tremendously costly to operate is that everything the astronauts need – all their food and water,
all their air, and their fuel – they must take up from
the ground. At present it still costs about $10,000
to put half a kilogram of cargo into Earth orbit. A
Shuttle mission still costs upwards of $500 million.
Yet these vehicles are like islands of scarcity in a vast
ocean of plenty. Our descendants will regard this way
of conducting space operations as insane. How much
cheaper such expeditions would be if raw materials
for food, water, air, fuel, and machine tools could be
taken from space itself! The price of traveling in space
and living in space could be reduced by more than a
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hundredfold. This is the true promise of the asteroids,
one that reduces to economic insignificance the prospect of using them to restock the Earth.
As for metals, wherever people travel and settle,
there will be huge demand for them. Nickel, a malleable metal with a high melting point, does not tarnish
and is therefore much used in alloys and electroplating. Gold plate, because of its chemical stability, will
be essential to protect machinery in corrosive atmospheres. When we get to Mars, we will find that it has
a very corrosive atmosphere because of its monatomic
oxygen. And above all, gold covering will be needed
to protect spacecraft from solar radiation, to prevent
it from becoming overheated. Remember the gold foil
covering that was used to protect the Apollo landers.
And there are many substances out there that will
be of far more value to spacefarers even than precious
metals. The most important of these is obviously
water. Without water, life is inconceivable, and with
it, life of almost any kind can be imagined.

There is nearly 200 times more water in the form of ice
in the solar system than there is in all the oceans, lakes,
rivers, ice sheets, and glaciers of Earth.

There is nearly 200 times more water in the form of
ice in the solar system than there is in all the oceans,
lakes, rivers, ice sheets, and glaciers of Earth. It can
be used not only for drinking, but for cleaning, diluting, for breaking down substances, and as a radiation
shield against dangerous cosmic rays. Frozen as
blocks of ice, water can be transported and stored in
huge quantities without containers.
Of the asteroids in the main belt, a huge number of
these are “carbonaceous,” meaning that they contain
compounds of carbon. These also contain “volatile”
elements, such as hydrogen, oxygen, sulphur, and
nitrogen, so-called because they can be changed from
solid to liquid to gas and back again.
The most valuable materials are those that are commonplace on Earth, but expensive to bring into space.
The solar system has them all in plenty. Consider this
short list: hydrogen, methane, and methyl alcohol for
fuel; nitrogen for air and agriculture; carbon monoxide
and sulphuric acid for metallurgy; oxygen for air and
for oxidizing fuel; hydrogen peroxide is also a good

oxidizer; carbon dioxide, hydrogen sulphide, nickel
carbonyl, iron carbonyl, ammonium hydroxide and
ammonia for agriculture; sulphur dioxide as a refrigerant; sulphur trioxide for making sulphuric acid.
As for energy, without which industrial production is impossible, I am gambling that a great deal can
be done with deuterium from hydrogen, and used to
build nuclear fusion stations. An even more advanced
technology would be pure proton fusion, assuring a
virtually unlimited supply of energy using simple
hydrogen. We haven’t yet worked out how to do this,
but the stars have – they do it the whole time.
Out in the main asteroid belt, it will not be cold
and dark. It won’t be like living on Pluto or in the faroff Oort Cloud of comets. The Sun will still be very
bright. From Ceres, for example, the largest asteroid,
the apparent magnitude of the Sun is about -26, while
from Earth it is -28. From the asteroid belt you would
certainly need dark glasses to look directly at the Sun.
Just to put this in perspective, the apparent brightness
of Sirius, the brightest star in the night sky, is only -1.5,
so the Sun as seen from the asteroid belt is about tenbillion times brighter than Sirius.
But warmth is just as important as light, and I have
no doubt that warmth can be achieved with very large
mirrors to concentrate sunlight.
No doubt some of you are thinking that all this
sounds much too easy and optimistic. I’m sure you’re
probably right, and that there will be many failed
ventures. Charles R. Nichols, an industrial chemist at
the Bose Corporation at Framingham, Massachusetts
(to whom I owe the above list of useful substances),
gave this warning a few years ago: “Before any largescale engineering project can begin, it must receive
financial approval. Investors require proof that the
project is a good investment, and part of the proof is
a comprehensive plan for minimizing risk. Accountants must be pessimistic precisely because engineers
cannot help being optimistic. Every new technology
has unforeseen bugs that need to be worked out. A
project that relies too heavily on new technology will
limp through life and die in shame.”
The word investors here is very well chosen. No
government or official space agency is ever going to
do the things that I have been describing. They are just
not what governments do. Governments seldom think
ahead for more than about five years – their period in
office – and these are the projects of decades or even
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centuries. And most of what takes place among the
asteroids will be done not for science but for profit.
The outer solar system is no place for bureaucrats; the
capitalist will be its king.
But one word of caution and this is very important. I’ve been talking about the main asteroid belt
beyond Mars. Many people will be wondering: Why
go that far? Are there not several hundred near-Earth
asteroids, filled with all the useful substances I have
described, which must be much easier to get to? The
answer is that, except for purely experimental work,
it’s not a good idea to exploit them as a long-term
project. The reason is political. Extensive work on
them will be regarded on Earth as being too dangerous. Left to themselves, one or more of them is certain
eventually to crash into Earth. And how much more
dangerous they will seem if they appear to be in the
hands of some irresponsible billionaire who might
carelessly change one of their orbits, putting it on
a collision course with Earth! The feeling will arise
on Earth that this is an enterprise that ought to be
stopped – if necessary, by military action.
However, on the comparatively far-off main asteroid belt, there should be no such fears. The sheer
difficulty, governed by Isaac Newton’s First Law of
moving a large body towards the Earth from so great a
distance, will make any such danger seem negligible.
Robots will always, of course, be an
essential tool, but to expect them, by
themselves, to establish a commercial
civilization in space must be
regarded as absurd.

I’ve been describing some tremendously complex
tasks. Some people might imagine that they can be
carried out by robots and managed from Earth. But
this is a myth. Robots will always, of course, be an
essential tool, but to expect them, by themselves, to
establish a commercial civilization in space must be
regarded as absurd. With all respect to HAL in 2001:
A Space Odyssey, I believe that machines will never be
able to handle unexpected situations. They will only
be able to do what they have been programmed to
do. Tasks in space beyond a certain complexity are for
astronauts only.
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Here is a slide that illustrates this idea, which describes
a position in chess that demonstrates the weakness of
so-called “hard” artificial intelligence. White, in this
position, is heavily outnumbered. He has no officers,
while Black has three. On the other hand, White’s
King is protected by an impenetrable array of pawns.
White can easily force a stalemate by moving his King
back and forth along the back rows. But a computer
will never see it this way. In a famous experiment,
when this position had been set up, the all-powerful chess-playing machine Deep Thought (that once
defeated Kasparov) made the incredibly stupid mistake of taking the Rook with his pawn! This exposed
Deep Thought’s pawns to attack by Black’s remaining Rook, and he soon lost the game. I don’t know of
any chess-playing program, in this situation, that will
not make the same mistake. In the words of Professor Roger Penrose, in his book Shadows of the Mind
[Knopf Publishing Group, 1995]: “The human player
sees the barrier of pawns and understands that it is
impenetrable. The computer did not have that understanding. It simply computed move after move. That
is the difference between mere computation and the
quality of understanding.”
Earlier I mentioned agriculture. There is nothing
to prevent people from starting agriculture in the
outer solar system, and living as we live, on worlds
that are currently airless and barren. One of the greatest thinkers in the last century was the late Gerard
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O’Neill, a Professor of physics at Princeton. I wonder how many people here are aware of his work or
have read his 1977 book The High Frontier: Human
Colonies in Space [Space Studies Institute Press]. It is
largely forgotten today, but I believe it will be very well
known again in coming centuries. O’Neill worked out,
in great engineering detail, how people could live on
the inside of hollowed-out asteroids. A larger asteroid
could be a home for hundreds of thousands of people.
Imagine a metal cylinder, perhaps 40 kilometers long
and 10 kilometers wide. Its interior surface would be a
“world” of 1,400 square kilometers, three times bigger
than the area of our biggest cities.
The only difference from a natural planet would
be that their horizon would curve upwards instead
of downwards. One can imagine that on a clear day,
because there would be a nitrogen/oxygen atmosphere inside, people would be able to look up and
see the roofs of their neighbors facing down towards
them! Inside would be a landscape of towns and farms,
meadows, and factories, and perhaps vineyards. There
might ultimately be tens of thousands of these artificial worlds – perhaps many more – moving wherever
their inhabitants wished. This may sound fantastic.
Yet many of the things we routinely do today would
have sounded equally fantastic to someone in the 18th
century. Or, as Arthur C. Clarke put it as long ago as
1951: “If we have learned one thing from the history
of invention and discovery, it is that, in the long run
– and often in the short one – the most daring prophecies seem laughably conservative.”
I knew O’Neill. He was a friend of mine. Shortly
after his book was published, I was in his study in
Princeton. His fame at that time was enormous. He
was constantly being invited to appear on television.
His table was covered with laudatory reviews, and
several popular books were being written about him.
His work was given unstinting praise by Isaac Asimov
and Carl Sagan. Yet he was not happy. He could not
understand why no moves were being made to put his
ideas into execution, why no one was making even
the preparatory steps to construct an O’Neill habitat
in space.
I didn’t understand this myself at the time, but I
think I do now. History takes a long time to happen,
but happen it surely will. To quote Arthur C. Clarke
again: “At the present rate of progress, it is almost
impossible to imagine any technical feat that cannot

be achieved – if it can be achieved at all – within the
next few hundred years.”
Wherever people live in the solar system beyond
Earth, their gravity will be weaker. (One could, of
course, try to live on the surface of Jupiter, if there is
one, where people would weigh 23 times more than
they weigh here, but I wouldn’t recommend it.) On
the Moon people would weigh one-sixth what we
weigh here; on Mars, about a third; and on many of
the asteroids, as little as a thousandth. On a smaller
one, one would need to anchor oneself to the ground
to avoid flying off into space.

My point is that hardly anyone, having lived for any time
in space, would ever want to live again on Earth.
Our gravity would be torture. It might even kill them.

My point is that hardly anyone, having lived for
any time in space, would ever want to live again on
Earth. Our gravity would be torture. It might even kill
them. And indeed, they would feel no need ever to
revisit Earth. They would be space people forever. In
the words of the science writer Fred Golden, a supporter of O’Neill’s ideas: “As the space people become
more adept at living in their new worlds, they would
become less and less dependent on Earth. Many of
them might not even bother to return to their home
planet for visits. For younger people born in space,
Earth might only be a place that they had heard
about from their parents or read about in the colony’s
library or seen on a video screen. It might eventually
be regarded as just another planet.”
To this I would add that there will be a degree of
political freedom – that is to say, the right to migrate
to wherever you please – that mankind has not fully
experienced since the middle of the 19th century.
Earth is becoming an increasingly restricted place to
live. Wherever we are, we face countless taxes and regulations. Moreover there is a trend on Earth towards
world government, and in the long run world government can easily turn into world dictatorship.
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Once proton fusion technology has
been perfected, the cold and the dark
will cease to be enemies, for miniature
artificial suns can be constructed
wherever they are needed.

But out there, there need be no such fear. For space
is a sea without end. I don’t think that any asteroiddweller will ever hear the song “Don’t Fence Me In.”
At the burn of a rocket, one can wander off somewhere else, migrating ever farther into the outer solar
system and planting new colonies, eventually even
passing Neptune and Pluto. Once proton fusion technology has been perfected, the cold and the dark will
cease to be enemies, for miniature artificial suns can
be constructed wherever they are needed.
There may be local government but no central
government. Nobody on Earth or anywhere else
will be able to exercise control over this scattered
off-world population because you can’t make people
pay income tax if you don’t know where they live. I
know of one interesting example in history where this
actually happened, where a government wanted to
arrest some people who had fled to an island, but they
couldn’t carry out the arrests because they couldn’t
find the island! They knew its name, but when they
came to look for it, it wasn’t there. This was Pitcairn
Island in the Pacific. In 1790 the mutineers of the
Bounty took refuge there, and the revengeful British
Navy sought it in vain. It hadn’t moved, like an inhabited asteroid, but it had been inaccurately placed on
admiralty charts. Out in space, this drama will recur
countless times.
On the other hand, an absence of central government may have its dark side. It could certainly lead
to the kind of unrestrained corporate ruthlessness
shown by the “Rock Rats” in the brilliant novels about
life among the asteroids by Ben Bova. And it might go
further, into piracy. I take the liberty of going back to
history again. The following passage is by Sir Arthur
Conan Doyle, of Sherlock Holmes fame, in a short
story about piracy in the Caribbean:
When the great wars of the Spanish Succession
had been brought to an end by the Treaty of Utrecht (in 1713), the vast number of privateers who had
been fitted out by the contending parties found their
occupation gone. Some took to the more peaceful but
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less lucrative ways of ordinary commerce; others were
absorbed into the fishing fleets; and a few of the more
reckless hoisted the Jolly Roger at the mizzen and the
bloody flag at the main, declaring a private war upon
their own account against the whole human race. With
mixed crews, recruited from every nation, they scoured
the seas, disappearing occasionally to careen in some
lonely inlet, or putting in for a debauch at some outlying port, where they dazzled the inhabitants by their
lavishness and horrified them by their brutalities.
On the Coromandel Coast, at Madagascar, in the
African waters, and above all in the West Indian and
American seas, the pirates were a constant menace.
With an insolent luxury they would regulate their depredations by the comfort of the seasons, harrying New
England in the summer and dropping south again to
the tropical islands in the winter. They were the more to
be dreaded because they had none of the discipline and
restraint that had made their predecessors, the Buccaneers, both formidable and respected. These Ishmaels
of the sea rendered an account to no man, and treated
their prisoners according to the drunken whim of the
moment. Flashes of grotesque generosity alternated
with longer stretches of inconceivable ferocity, and
the skipper who fell into their hands might find himself dismissed with his cargo, after serving as a boon
companion in some hideous debauch, or might sit at his
cabin table with his own nose and lips served up with
pepper and salt in front of him. It took a stout seaman
in those days to ply his calling in the Caribbean Gulf.
But despite all these hazards, I believe that the
population out there will multiply. Here on Earth,
population is a subject we all worry about, perhaps
needlessly. With all the substances necessary for life
and manufacture, how many people will be able to
live in the solar system beyond Earth? Contrary to
what many people suppose, human population does
not rise continuously, but by logarithmic jumps that
depend on the physical environment. The first such
jump occurred a million years ago when Homo sapiens became a toolmaker and tool-user, when human
numbers rose to about five million. The next was
about 8,000 years ago, after the last ice age ended,
with the coming of cities and eventual empires, which
increased the population to between 50 and 140 million. The third surge occurred about 300 years ago
with the coming of the scientific and industrial age,
which fairly quickly raised numbers to the scale of
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billions. The fourth great increase will come as we
conquer the solar system, and this increase will be
greater than all the others.

… within a thousand years or so, we could be looking
at a human population of 1200 billion – 200 times the
present population of Earth.

How much greater, one cannot tell. But by the availability of water in the solar system, within a thousand
years or so, we could be looking at a human population of 1200 billion – 200 times the present population
of Earth.
This figure of 200 is, of course, absolutely nothing
to the number of people who will eventually be living
on the planets of other stars. But it does show us what
can happen even in our own solar system, before we
have traveled a single light-year. As Mr. Golden says,
“in the distant future there won’t be anything very
special about Earth.”
Thank you.
Facilitator: I’ll throw out this question for Mr.
Berry: Regarding the asteroid that you identified that
was just one kilometer in diameter, with all those
resources, what is the chance that the technology can
be developed to tether it to a parachute and bring it to
the Earth, instead of going there? I’ll take the answer
at lunch.
Are there other questions?

… if you took all of the asteroids …
all of them together would add up
to less than one percent
the mass of the Earth.
Chaisson: I share your enthusiasm for asteroids
– some aspects of them – especially the notion that
our exploration of them will likely be private, entrepreneurial ventures and not government-oriented.
However, I strongly take issue with the notion that
“asteroids exceed by a million-fold the riches of the
Earth.” Astronomers well know that in the main belt
of asteroids, including even the inner part of the Kuiper Belt – if you took all of the asteroids together, even

extrapolating to those we haven’t found in smaller
numbers – all of them together would add up to less
than one percent the mass of the Earth. That is probably why the asteroids did not form a planet. Their
self-gravity was not great enough, especially in the
presence of Jupiter, to come together and coagulate
into another planet.
Furthermore, the notion that we would restock
Earth with resources from asteroids, whether we tug
them back to the Earth or not, Sesh, I think is very
far-fetched. If we are going to use the asteroids to our
benefit, it’s something we ought to use in situ. But recognize that altogether, there aren’t that many asteroids
that would provide economical riches for the Earth,
as you have perhaps suggested in this talk.
Berry: I meant riches for those who live among them,
rather than riches for those of us who live down here.
And riches are not the same thing as mass. I quite
agree with you about that.

There will never be concentrations,
in my suspicion, sufficient to allow
profitable mining of asteroids.

I would like to follow up on the riches of the
asteroid belt. We know that there is something called
“the snowline,” and that once we get out beyond
Mars, we have passed into the snowline, and sitting
out beyond that we have a world where there is very
little metal. We have a lot of water, and we have a lot
of volatiles. It is the inner parts of the solar system
where you have heavy minerals. You’re talking about
asteroids as being minable, but as any miner knows,
being able to mine anything depends on the concentration of metals within it. While you will certainly
have some heavy metals in your asteroids, the vast
majority of their matter is going to be water and other
volatiles. The process of mining becomes profitable
only when you have high concentrations. There will
never be concentrations, in my suspicion, sufficient
to allow profitable mining of asteroids.
Ward:

Berry: Well, we would have to see how much metal the
main asteroid belt actually contains. At the moment,
we don’t know very much.
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Kasturirangan: The clarification that I seek from you
is: You talked about the ineffectiveness of robotics to
carry out exploration. The point is that as developments on computer chips as well as in biotechnology
evolve, and there is more and more overlap that
happens, and if you ultimately have an artificial intelligence system that becomes very close to the natural,
simply because of the marriage of these two developments, which could be foreseen in the next few
decades or in the next century, why do you think that
that kind of gadget could not perform a substantial
component of what the human brain can?
Berry: Because I think that machines would never
have imagination or initiative. It seems beyond the
possibilities of the science. I know that HAL in the
film 2001 did, but I just don’t think that in the real
world that will ever happen. When a machine is playing chess, no matter how brilliant it is playing chess,
if the house catches fire while it is playing and everybody starts dying, the machine will go on quietly
calculating its next move.
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How do you compare collision
among asteroids, compared with
the collision of a near-Earth object
with the Earth itself?
Abiodun: Could you speak further on collision among
asteroids? You spoke of the chances being very limited
of a collision. How do you compare collision among
asteroids, compared with the collision of a near-Earth
object with the Earth itself? Therefore, is man better off on Earth or staying in an asteroid, given the
amount of risk either way?
Berry: If people or an industrial plant is on one of the
two colliding asteroids – if there are people on one of
them – such a collision could be prevented. If you are
on one asteroid and you see another asteroid coming toward you on a collision course, you move your
asteroid out of the way.
Facilitator: Thank you, Mr. Berry. With that, we will
conclude this session.
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Dr. Karl Doetsch is Chairman of the Board of Athena
Global, an international management consultancy
and think-tank bringing space solutions to terrestrial
problems. Doetsch formerly held leadership roles in
Canada’s principal space flight initiatives: Canadarm,
Canada’s Astronaut Program, and the Canadian Space
Station Program.
In a thousand years the management
of life … will no longer be approached
by humans from the point of view of a
closed-loop system centered on …
an Earth-based system …
Doetsch: I would like to thank the Foundation For
the Future for the opportunity to address this topic.
In a thousand years the management of life, the environment, and the resources of Earth will no longer be
approached by humans from the point of view of a
closed-loop system centered on the intrinsic capacities of an Earth-based system, but much more from
the point of view of Earth’s being part of a solar, galactic, and universe system, the resources of which, by
then, will be directly exploited so as to augment the
inherent capacities of Earth-based systems.
I would like to start with a prognosis. In AD 3000
many other planets supporting life or capable of supporting life will have been identified. Humans will
have developed capacities to travel and settle beyond
Earth, at least within the solar system, as easily as
they now travel and settle on different parts of Earth.
It is also likely that the capabilities of humans, both
mentally and physically, will be very different from
today’s species through artificial augmentation of
human biological systems. In particular, the capacity to augment human intelligence, memory, and
logic processes artificially, to extend at will the longevity of human biological systems, and to change
their physical aspects by means of both cell and gene
replacement techniques, and the fusing of nanotech-

nology advances with biological systems, will have
had a profound influence on human evolution. This
adaptation will have had a significant effect on the
rate of progress of human exploration and exploitation of the resources of space.
Humans, in one thousand years, will be continually involved in establishing more and more outposts
and settlements in space, either on other celestial bodies or on free flyers, and in extracting resources, both
to support the quality of life on Earth and to expand
human reach into space. There will be humans who
will have left Earth forever and have set off on multigenerational journeys to explore and settle distant
parts of the galactic system in closed-loop life and
environmental support space vehicles, traveling,
perhaps, in armadas providing for community and
variety.
Humans may be involved in several mega-projects in space, creating extraterrestrial settlements,
terraforming inhospitable environments, developing
necessary transport systems, undertaking high-energy
physics experiments, and finally, enabling extensive
migration from Earth and space tourism.

… ensuring sustainability will have had to become the
dominant paradigm in human decision-making
for several hundreds of years …

If we project that life will continue to exist on Earth
in AD 3000, it is clear that ensuring sustainability
will have had to become the dominant paradigm
in human decision-making for several hundreds of
years, and that this will, of necessity, have caused a
caring, nurturing society to prevail. Without this, the
survival of our life forms until AD 3000 is unlikely. A
global focus on maintaining such a benign environment has already been established at the highest levels
of government during the past decade.
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Equally important for survival will be the need to
create a just society on a global scale, both from the
ethical and legal points of view, and to provide a sense
of real economic and physical security for all of the
world’s citizens. Societies will have had to continue
to seek avenues for personal motivation as a human
driver, particularly in the areas of discovery, exploration, and adventure. Included will be the capacity
to migrate and flourish away from Earth and to have
available resources imported from space.
… it will be important to enhance
evolutionary robustness through
increases in the diversity of our flora,
fauna, and approaches to life.

Finally, because it cannot yet be predicted with any precision how humans and other life forms will evolve in
the centuries to come, it will be important to enhance
evolutionary robustness through increases in the diversity of our flora, fauna, and approaches to life.
Space activity already enables or facilitates the provision of the necessities of life. In the 48 years since
the world’s first artificial satellite was launched in 1957,
significant progress has been made, and participation
in space activity has broadened considerably, but it is
only recently that the full potential of space to help
solve huge global problems is becoming recognized
inside and outside the space community.
The principal environmental/social challenges
posed and depicted in this chart [food/water/shelter/
health/education, energy and power, renewable and
nonrenewable resources, global information networks,
security against natural and human threats and events,
long-term climate changes and effects, pollution of
Earth and space, societal evolution – governance
and occupations, removing social and technological
divides between people, and leaving planet Earth] if
met, could allow Earth to continue to support diverse
and flourishing flora and fauna until AD 3000.
Is space activity today generally considered relevant to addressing such challenges? Outside the space
community, one would have to concede that there is
a prevailing perception that much of today’s space
activity is barely relevant to helping address the major
global problems preoccupying political leaders in the
civil field.
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To change this perception requires that the space
community focus on addressing and linking to the
needs enunciated and prioritized by the organizations, normally governmental, that are operationally
charged with tackling environmental/social challenges. Even though space proposals today are often
advanced, technically attractive, and challenging to
develop, in order to gain the deserved recognition of
their value by society at large, a move is needed to
position them to being driven by user pull rather than
by technology push.
Enabling, facilitating, and servicing the meeting
of long-term, global environmental/social challenges
through the use of space assets could well provide a
cohesive and robust framework for future space developments. Even today, it is clear that many of the issues
that have been raised in recent global summits organized by the United Nations on the sustainable world,
the digital divide, the millennium project, and the
environment could be more successfully addressed
by applying global space assets to solving them in a
coordinated fashion.
Could space activity be developed to become an
enabler for meeting the long-term challenges? Let’s
start with a short history of what space activity has
achieved to date in its almost-50-year life.
Today, we might characterize the Space Age to date
as moving from being a dream to becoming essential,
to becoming discretionary, and now back to becoming essential.
What were the firsts in the field?

… about a third of the world’s nations are now actively
interested in seeing how space can support their
interests and their needs.

The reaction principle on which rocketry is based
was discovered almost 2,400 years ago in 360 BC,
but the knowledge to allow practical space flight only
matured in the 20th century, resulting in the launch of
Sputnik in 1957. On this chart you’ll see that amongst
the major space mission milestones, I’ve recognized
one organization or organizational formation, and
that is the formation of the United Nations Committee on the Peaceful Uses of Outer Space. I have done
that because this is the world organization that is
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almost a barometer of the international – as opposed
to national – interest in the development of space.
When it was formed in 1958, there were 18 founding
members. Today there are 67 member nations participating, so about a third of the world’s nations are now
actively interested in seeing how space can support
their interests and their needs.
Since the early days of Sputnik, space activity has
led to an explosion in knowledge about our universe,
our solar system, and our Earth because of the information gathered by space satellites, observatories, and
probes. Space has become an integral part of modern
security systems, both military and civilian. The foundations of today’s broad range of space applications on
Earth in the areas of meteorology, communications,
navigation systems, and Earth observation have been
successfully established. Humans have orbited Earth
and landed on the Moon; satellites have been used
to observe and, in many cases, map and land robots
and probes on the planets of our solar system; several
space stations have been operated in orbit; the first
reusable launch vehicle, the Space Shuttle, has been
operational for almost a quarter of a century; and regular commercial space services have been offered for
launchers, communications, and Earth observations.
Recently, a still-embryonic space tourism activity
has been initiated. The twin aspects of using space
to leave planet Earth and to support living on planet
Earth have evolved simultaneously and steadily in the
past half-century.
In the early years, after the launch of Sputnik,
the very rapid progress in the development of space
activity was driven by fierce competition between two
geopolitical alliances, led respectively by the United
States and the Soviet Union. Space activity became an
important force in strategic political considerations
of the most influential of nations. However, the political interests of such nations slowly but surely became
diverted to other pressing global needs, even as more
nations became increasingly interested in participating in some form of space activity.
The first era of space activity led to the development of major space applications on Earth and to the
start of exploration beyond Earth.
Space activity remains one where civil, commercial, and military aspects are often closely intertwined
and shared at the national level, even if this is not yet
generally the case at the international levels where

national security and commercial interests are often
in conflict with the interests of global sharing.

The big international issues regarding the use of space
at this time are the potential positioning of weapons in
space, the growing problems of space debris …

The big international issues regarding the use of space
at this time are the potential positioning of weapons
in space, the growing problems of space debris, which
could make the most important orbits around Earth
unusable, the security of potential nuclear power
sources in space, and gaining the political recognition that will allow space activity to be fully applied to
helping solve global issues.

It is already clear that the sustainability of life on Earth
will not be feasible without the full, coordinated use of
space assets and international cooperation …

Is space activity necessary in the longer term? It is
already clear that the sustainability of life on Earth
will not be feasible without the full, coordinated use
of space assets and international cooperation, and
this need lies at the very heart of the necessary drive
towards coordinated global space activity in future.
Key factors for AD 3000: Many factors can be chosen that will have influenced the world in a thousand
years and its ability to continue to support life at that
time. There is always merit in reviewing requirements
developed by those outside any potential supplier
community to check the validity of its assumptions.
[The list of key factors includes: 1. human-environment dynamics, 2. human genetics, 3. safe energy,
4. nanotechnology, 5. forms of governance, 6. increasing intelligence, 7. climate change occurrence,
8. control of destructive forces, 9. conscious technology, 10. collective futures, 11. climate change avoidance,
12. gender relation, 13. philosophy and mental maps,
14. conscious evolution, 15. space migration, 16. global
ethical system, 17. extraterrestrial contact, 18. immortality, 19. interspecies communications.]
Such a ranked list of the most important influences
and factors, developed by Gordon and Glenn in 2000
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for the Millennium 3000 Scenarios, which I believe
was partially funded by the Foundation For the Future,
is given in the first column of the above and following
tables, along with my assessment of whether the space
activity in its various forms will be an enabling factor, a facilitating factor, or unimportant in addressing
the proposed challenges. The key factors, which were
identified by a group of futurologists, range from environmental issues and protection, through to control of
life in its various forms, control of intelligence, robotics, and global governance systems. They ranged from
the microscopic to the scale of the universe. Although
each of the factors deserves detailed attention in its
own right, it will be the integration of them that will
govern our condition in AD 3000.
Many profound questions will need to be addressed
well before then, particularly about the form and
effect of artificial augmentation of human capabilities,
including intelligence and genetic manipulation, and
how our species will evolve once nanotechnologysize computers easily exceed our individual mental
capacities.

Today, humans have learned the rules
of life and of the universe, and are
about to start applying them.

It is the task of this paper to assess how developments
in space technologies will be driven by, and will affect,
such an important evolutionary phase of humans on
this planet and beyond. Today, humans have learned
the rules of life and of the universe, and are about to
start applying them. The adaptive outcome of such
future experimentation is not predictable at this time.
The space capabilities and necessary technologies
are described in more detail (following) for those key
factors where space activity could have an enabling
role.
Taking the most important, to manage humanenvironment dynamics, it will be necessary to make
comprehensive, continual space measurements of
Earth and the solar system that are integrated with
ground measurements, thereby providing temporal
and spatial information on a global basis to manage
the Earth’s environment and to eliminate space debris
orbiting Earth. In addition, bringing extraterrestrial
68

resources to Earth to augment Earth resources will at
some time become necessary to achieve sustainability. The required technology developments and the
timing of this activity are identified in these charts.
Energy and climate change will be ever more critical for maintaining the sustainable world. There are
appropriate space capabilities and technologies that
could be developed to allow the resources of space to
be used to address and solve both issues in the near
and longer terms.
Space activity is essential to prevent the collision, however unlikely, of extraterrestrial bodies with
Earth, both through its capacity to identify threats
and to deflect the bodies once an appropriate space
shield has been developed for Earth. Space sensors
can also be developed to warn of, measure, and mitigate the effects of natural disasters on Earth.
Space activity might, at first sight, appear to be
peripheral to ensuring a sustainable collective future,
but, in fact, it can significantly change the options
and framework of possibilities available to society for
achieving this, and must be considered as an enabling
capacity.

Significant space migration will be natural for humans
in the longer term and will markedly increase the
options for sustaining life on Earth …

Significant space migration will be natural for humans
in the longer term and will markedly increase the
options for sustaining life on Earth, as well as adding
robustness to the survival of the species.
Systems of ethics are based on knowledge that
allows values to be established for sustaining appropriate societal groupings into a long-term future.
Knowledge of the human environment is fundamental to establishing such codes, and it is through space
that knowledge about the universe and our role in it
and our potential relationship and responses to other
forms of extraterrestrial life will be generated. The
global ethical system will ultimately need to encompass not only our activities on Earth, but also in space,
and it is through space activity that much of the necessary new knowledge will be gained.
This brings us directly to the final factor to be considered here, our potential extraterrestrial contacts
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that will be enabled through space, both as we seek
them out and respond to them.
In addressing the integrated technology needs,
there will need to be both spin-off and spin-in for
this space activity to occur and to fully develop its
potential for society’s overall use and development. In
summary, the key technologies for space discovery,
exploration, settlement, and exploitation will be those
concerning transportation systems from Earth and
in space, settlement development with closed-loop
life- and environmental-support systems, robotic
capabilities, swarms of Earth- and planet-observing
nanosatellites to give continuous temporal and spatial
hyper-spectral data, solar and nuclear power systems,
and space pollution (debris) management. Eventually,
high-energy physics experiments could be carried out
in space to provide a deeper understanding of universes [plural] and the creation of matter.
Much has been achieved in the past 48 years of
space flight. However, I believe that despite enormous progress made in that time, not only in the
space domain but also in other areas of technology
and communications in the world (and in the light of
the new global problems that are now becoming ever
more pervasive but which can be diminished through

the proper application of space activities), priorities
and cooperative arrangements in the area of space
activity will need to undergo significant transformation so as to fully support the further development
and use of space assets for the future evolution of
humanity and the sustenance of life on Earth.

The open question remains as to what is the best
approach to prepare humanity for its most influential
phase in its short history on Earth …

The open question remains as to what is the best
approach to prepare humanity for its most influential
phase in its short history on Earth – an age where it
will rival the forces developed by nature, and an age
where humans will finally start to leave the cradle of
Earth. When humans have set their minds on technical goals with sufficient drive, they have been able to
achieve incredible feats and advances in timescales of
one decade. What could one thousand years bring?
Thank you very much.
Facilitator:
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Dr. Laurence R. Young is the Apollo Program Professor
of Astronautics at the Massachusetts Institute of Technology, where he is also Professor of Health Sciences and
Technology. He was founding Director of the National
Space Biomedical Research Institute. His contributions
to the aerospace medical field have been in instrumentation (eye movement measurement) and basic and
applied research in the field of vestibular function.
Why should we be going to Mars?
Why is it, as so often has been stated,
the logical next step after human
exploration of our own Earth and
of our only satellite, the Moon?

Good morning. To try to talk to you about
exploration beyond that currently envisioned, and
over the next millennium is a little daunting, as I’m
sure everyone else here feels. It reminds me of the
temerity of an American journalist who visited China
for three days just after the end of the Cultural Revolution. He came back and wrote a book based on his
visit called China: Yesterday, Today, and Tomorrow.
So, we’re going to go from the great age of exploration to current space exploration, on to what
everybody knows is the next big target. Then I’ll close
with some of the far-out targets for exploration that
could be in the offing.
Mars, of course, is occupying all of our attention at
this time. And the question is worth spending a few
minutes reviewing the history of humanity’s interest
in Mars. Why should we be going to Mars? Why is
it, as so often has been stated, the logical next step
after human exploration of our own Earth and of our
only satellite, the Moon. The challenges are, first of
all, to teach us more about our own solar system. It
provides the opportunity for the kinds of technological advancement that will be required for all ranges of
human space exploration. It clearly will be an international cooperative exercise that will allow us to
Young:

mobilize people toward a common purpose.
I remind you that interest in Mars and the other
visible planets began in the days of the height of the
Egyptian civilization. The Babylonians wondered
a great deal about these “stars that seemed to wander” – hence the name wanderers in looking at the
planets. In the 400 to 500 BC period, in Greece, they
really started to look more carefully at Mars, at the
red planet.
(It was called Mars because of its reddish color,
which made one think of blood. Blood means warfare, and Mars is the god of war.)
Anyway, the Greeks – noticing that it went through
a reverse motion, a retrograde motion in the sky
– were able to fit it into their geocentric model of the
solar system, with the Earth at the center and everything moving around it. This model lasted far longer
than it should have. Copernicus, with his introduction
of the possibility of a Sun-centered model of the solar
system, had the good or bad fortune to have attracted
the interest of a very careful observer, Tycho Brahe,
whose observations of the positions of the stars, and
especially of the planets, were extremely precise.
Nevertheless, he was so taken with the notion of the
geocentric model that he refused to change his theories
of it. However, his data remained, and his data were
infallible and led Kepler to promulgate his famous
three laws: the motion of the planets as ellipses, the
question of equal areas in equal time, and so on, all of
which were empirical and almost accurate.
The observations that Galileo was able to make
with his wonderful little telescope, refined by others,
allowed Huygens to make what were probably the
first reasonable sketches of features on Mars. This is
a sketch Huygens published in 1659 [slide shown]; a
slightly better one by Cassini only a few years later was
able to identify these individual spots on the surface of
Mars. Cassini could watch these spots as they rotated
and thereby estimate the period of Mars’s rotation. He
got it right to within about three minutes, which is not
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bad for the observation techniques of the time.
Skip ahead a couple of hundred years to Schiaparelli, who by this time had far better instruments and
was making maps of the surface of Mars. He indicated
these lines on it, which were called in Italian canali.
As I understand it, canali means something like a
bay; it does not mean a canal. But when it was read
by English speakers, it was interpreted as a canal, and
therefore led to the determination of Lowell to find
and explain these canals on Mars. And of course he
did find them. There is a great lesson in the danger
of knowing beforehand what it is your observations
are likely to reveal. And of course Lowell, once having found these canals through his observations,
explained them in terms of a civilization that was
using the polar ice cap water to irrigate their crops
down in the lower latitudes. Hoyt, in his book Lowell
and Mars, states: “No one before him or since has presented a case for intelligent life on Mars so logically,
so lucidly, and thus so compellingly, to a skeptical
science and a wondering laity.” That interest inspired
H.G. Wells to write his famous The War of the Worlds,
and then in 1938 Orson Welles had his famous radio
program, “The End of the World,” with Martians
landing in New Jersey and making their way to the
shores of Manhattan in far shorter time than Amtrak
can do it right now. The astounding thing to me was
the believability of this and the panic that set in; suicides resulted from this program. You must listen to
it, those of you who have not. Although it was totally
unbelievable, it had this fantastic impact in creating
fear of the invasion of the Martians.
So, humans have had an interest in Mars for a very,
very long time. Serious scientific interest has gone on
in parallel, and brings us to our current stage of getting ready to go there. We owe much to Wernher von
Braun’s The Mars Project. Arthur Clarke picked it up,
and Stanley Kubrick went further in their film 2001
– A Space Odyssey.
Moving out of the field of science fiction, we may
take a quick look at the successes and some of the failures in exploring Mars robotically, starting with an
early Russian failure in 1963. Mariner 4 was successful in taking pictures in 1964. Then a big jump ahead
with Viking, the pair of Martian landers and soil samplers, which concluded that there was no sign of life
on Mars or of any previous life on Mars. This was a
reasonable conclusion based upon the kinds of tests
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they did at the place they landed. But those are two
very important caveats.
Since then, of course, we have had Pathfinder and
the two rovers, Spirit and Opportunity, now making
fantastic findings, and the increasing evidence from
the Mars Orbiter of very significant amounts of water
in the Martian past. Where did the water go? That
remains a great mystery. Is it still present in underground lakes? Is it still present in frozen form?
So, all of that, in a four-minute tour, is why we’re
interested in sending trained geologists, biologists,
and engineers to Mars. Human explorers will observe
and manipulate Martian material to try to answer
some of the questions that are necessary for the support of life.
… the answer, of course, is that we
are not spending a penny in space;
we’re spending the money in Texas,
California, Florida, and in other
earthly locations.

Certainly there are some difficulties. The Number 1
difficulty in going to Mars is money. How to make
a credible case for spending significant amounts
of national treasures at a time when there are other
demands (there will always be other demands) and
in which there is no immediate commercial return?
When my friends say, “Why should we spend all that
money in space?” the answer, of course, is that we
are not spending a penny in space; we’re spending
the money in Texas, California, Florida, and in other
earthly locations.
What are the other problems that need to be
solved? First is human protection from the galactic
and solar flare radiation. We do not have an adequate
and credible solution at this time. It’s not to say that we
will not have one soon. There are some that are being
worked on, not just shielding with high hydrogenconcentration shielding materials, but returning to
some of the more exotic ones, including electromagnetic shielding. I just came from a workshop in which
we discussed what is needed to provide a very highcurrent magnetic shield using the high-temperature
super-conductors of the type that are being developed
for use on the Alpha Magnetic Spectrometer experiment that’s flying on the station. I’m not telling you
that there is a solution; I’m saying that there is work
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on a technology that could possibly yield it.
The other solution to the radiation problem is to
shorten the voyage. That means really heavy concentration on alternates to the current chemical
propulsion systems.
People who spend extended periods of time in space
… suffer in a variety of well-known ways: loss of blood
plasma, loss of red blood cells … loss of muscle tone,
balance capability, and bone density …

Microgravity is the known threat, and it’s one to
which I believe we have a solution. People who spend
extended periods of time in space – the six-month
stays on the space station, the one-year-plus stays
on Mir – suffer in a variety of well-known ways: loss
of blood plasma, loss of red blood cells, interference
with the cardiovascular regulation system that normally allows us here on Earth to go from supine to
upright without fainting, loss of muscle tone, balance
capability, and bone density – which is probably the
most serious one – amounting to 0.5 to 1 percent of
our bone loss every month. Even though astronauts
may come back from the space station and say, “I did
fine by using exercise and building my bones up,” they
did not do fine and they would not be able to survive
safely a three-year mission involved in the Mars trip:
three years going there, staying on Mars at 3/8 gravity
and coming back.
The bone problem is not, in my opinion, yet solved
by any of the techniques of treadmill running, diet,
pharmacological treatment, vibration, or resistive
exercise. There is the problem of changes in the balance organ, or the difficulty one has, after return, of
standing upright and walking normally when the
very organs that are used to tell us the direction of the
vertical have been drastically changed in their interpretation by exposure to weightlessness. And there
are psychological issues: crew selection, habitability,
and so forth.
Telemedicine is something that’s being worked on.
There will be people who will require medical attention on a long trip to Mars, and it will have to be done
appropriately at a distance.
Life support systems are by no means resolved.
Let’s not minimize the difficulty of providing for an
adequate atmosphere, water, and, of course, food sup-

ply for our distant astronauts.
Let’s jump ahead now from where we were to where
we are at this point, and on to the assigned topic,
which is where we should be going in the next millennium. I’ll remind you that Mars and Earth are two
planets that get closer together and then farther apart,
a Martian year being about twice an Earth year.

… we don’t really have any idea what the physiological
response will be to the extended stay at Martian gravity.

There are many ways of planning the mission. One
obvious plan is to spend a short time on Mars: going
outbound for nine months, a short time on Mars, and
then returning inbound. Or you ride Mars around for
a full year, until you can get to a shorter time for your
return to Earth. Either way, you’re looking at rather
significant times. I rather favor the longer one, but
that’s up to debate. Either way, the astronaut is going
to be exposed to at least twice the typical exposure
on the space station [12-month mission] or up to
five times the typical exposure on the space station
[30-month mission]. And we don’t really have any
idea what the physiological response will be to the
extended stay at Martian gravity. We know a lot about
1-G. We know an increasing amount about zero-G.
We have a tiny bit of information about living in
1/6-gravity, but we really don’t know anything about
living in Martian gravity. The assumption is that if
people can be provided with a countermeasure that
is adequate for 1/6-G, it will also work for 3/8-G, but
that has to be proven.
What’s being done currently to deal with the devastating effects of microgravity? Well, it’s based upon a
very simple and wrong (I hold) assumption, and that’s
the following: Consider the loading that compresses
the long bones in my leg when I’m just standing here
in 1-G. If I had a scale under my feet, it would just
record my Earth body weight. Then for brief periods
when I walk around, it would get higher. In space, the
typical load would be zero for most of the day. When
the person goes onto a treadmill and works out, the
loading is in excess of 1-G. And the question is: Is that
going to be sufficient?
There have been some measurements made by our
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colleague, Peter Cavanagh, in which he examines the
loading, comparing peak force when you’re in orbit
and when you’re on the ground. The peak force on
the ground is about 100 percent of body weight; that’s
what you get when you’re just at ease or standing up.
A histogram shows periods in which peak force on
the ground is about two and a half times body weight.
That’s what you get with each step.
Now, when you try to do this in space, by walking
on a treadmill, you never get anything like the kind of
loading that you would get on Earth. We’re kidding
ourselves in thinking that brief exposure to a treadmill is adequate for reproducing the kinds of forces
that are necessary to grow bone, to minimize muscular loss, and so on. It has little or no effect on the fluid
shift that’s present when we go into weightlessness,
the shift from the lower body to the upper body, and
it has no effect on the sensory motor function, on the
vestibular apparatus.
What else is considered as practical countermeasures? Curt Rubin and others are experimenting
with the use of vibration for building bones. It looks
hopeful, but it’s still in the early phases. Lower-body
negative pressure, which is a way of drawing blood
down to the lower body, has not been very effective
and it has proven somewhat dangerous. In any event,
it would do nothing for bone. You can have various
kinds of resistive exercises, which is the current fad
on the station. Nutrition and pharmacological techniques have thus far proven ineffective.
This brings us finally to what I have been earning
my living doing for the last ten years or so: investigating artificial gravity.
Artificial gravity … The notion is
simply that you can replace the
gravitational force by an equivalent
inertial force by centrifuging.

Artificial gravity is a very old idea. The first references that I have to it in the modern literature are in
1903 from the Russina space pioneer, Tsiolkovsky. The
notion is simply that you can replace the gravitational
force by an equivalent inertial force by centrifuging.
Working with Bill Paloski of NASA’s Johnson Space
Center, we are looking at understanding one form of
artificial gravity. The form that most people are used
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to is the von Braun Roris – the half-kilometer-radius,
huge device, spinning very, very slowly. That will
work, but it’s impossibly expensive.
The other extreme is to have a very small centrifuge that you jump onto for a workout for intermittent
centrifugation. You don’t live on the centrifuge, any
more than you live in the weight room of the gym.
But you go to it for a workout in order to overcome
the deconditioning. This sort of short-radius, intermittent centrifugation appears very promising. We’ve
begun by using an Earth model for deconditioning, because in the current state of space travel, it’s
impossibly frustrating to wait until you can do space
experiments, analyze the data, and then do another
space experiment. The ground analogue for humans
is bed rest. We take an otherwise healthy population,
put them to bed, 6 degrees head-down, for a period
of three weeks, and can get the same kinds of deconditioning that astronauts get from three weeks in
space. Some of our subjects will be controls and just
stay in bed. Others will be lying head-down and then,
once a day for a period of an hour, they will be spun
around at an acceleration that will be approximately
two to two and a half times G at their feet, which corresponds to about 1-G at their heart level. We should
determine whether we’re able to minimize the reduction in the capability of their bones, their muscles,
and their hearts.
It’s just beginning. The first subjects should start
running in 2005–06. I’m building in an exercise
device that is not yet in the first model. You can put a
short-radius centrifuge in a very small area, without
the need to build an enormous spacecraft. A human
could pedal a little bicycle, and the whole device is
small enough to fit in the middeck of the Space
Shuttle. We were initially thinking of putting it into
SPACEHAB, and it would fit into the space station.
Short-radius centrifuges are cheap to build and could
be put inside an existing spacecraft. The question is
whether we can adequately enable people to overcome the debilitating effects of weightfulness simply
by doing something like riding on a centrifuge with
exercise, possibly bicycling. Using your own power to
bicycle has the added advantage of protecting against
fainting by keeping the muscle pump active so that
blood is returned from the lower body to the heart.
An alternative is to use continuous rotation, but
not at the von Braun radius, to see if we can shrink the

Humanity 3000 “Humans and Space: The Next Thousand Years” Proceedings

Transcripts | Section 4.2.4
“ Why Mars?”
Presentation by Dr. Laurence R. Young

radius. The mathematics involved is trivial. The gravitational acceleration at any radius is proportional to
the radius times the square of the angular velocity. If
you want to keep the angular velocity constant, the
G level goes up with the radius. If you want to keep
the G constant, the square of the angular velocity goes
down as the radius goes up.
The issues are complicated somewhat by Coriolis
forces. If you walk in a direction normal to the spin
axis of the centrifuge, you’ll experience an unexpected, though real, force to the side, which takes
some adapting to. However, we have been able to
show that people can adapt to head movements, even
at the fast speeds we’re using now, 30 revolutions per
minute, or 180 degrees per second.

on it, some kind of power plant – it might be nuclear
– and a truss structure.
Everybody always says, “A truss? Why use all of
that aluminum when you can do it with a tether?”
Well, I think most of you know that the tether brings
its own problems of controllability and stability. The
last thing in the world you want to have is the tether
getting wrapped around the spacecraft or breaking. For reasons that have been explained, we have
not had success with tether satellites to this point.
Importantly, they propose using an ion engine to give
a very low level but long duration thrust to increase
the velocity about the spin axis up to 4 rpm. Consequently you don’t need to carry an enormous amount
of fuel in order to make this work.

If you’re going to travel to Mars with the help of artificial
gravity, what is necessary in terms of radius and angular
velocity and G level, and what’s practical?

Adding artificial gravity should not be thought of as
something that is going to significantly increase
the cost of the vehicle.

If you’re going to travel to Mars with the help of artificial gravity, what is necessary in terms of radius and
angular velocity and G level, and what’s practical? On
a plot of angular velocity versus radius one has identified the allowable range in which you can actually run
on it, work on the centrifuge. The maximum angular velocity that was selected was 6 revolutions per
minute because it was thought that people could not
be trained to adapt to head movements at any faster
rates without getting motion sick. We believe that the
minimum radius to live on has to be 20 meters. We
would like to be able to stand up on the centrifuge.
A radius of 20 meters would entail only a 10 percent
gravity gradient between the G level at your head and
the G level at your feet.
Now, is that where we want to operate? Six revolutions per minute will make all of us sick at first, and
some of us sick for quite a while, but we’re confident
that if we drop the speed to 4 revolutions per minute,
it will be tolerated by the entire astronaut population. That brings us up to about a 55 meters radius for
the rotating device, giving us an operating point of
1-G at 4 revolutions per minute. An initial design has
been proposed by Joosten and colleagues in Houston
meeting those parameters. It has living quarters, a
three-story laboratory with slightly different G levels

The cost of this is not much more than the cost of
other Mars vehicles. Adding artificial gravity should
not be thought of as something that is going to significantly increase the cost of the vehicle. That’s a major
message that I want to get over to you.
The question that must be answered is: Do we
need artificial gravity or not? It really depends, like
so many other things in human space exploration,
on how much risk we’re going to take. I’ve had astronauts tell me: “Look, the physiological risk is small
compared to the risk of the rocket blowing up. If I’m
willing to take the risk of tying myself to a bomb, I’m
willing to take the risk of a slightly increased radiation hit.” My answer to that is: It’s not your choice; it’s
as a society chooses. As space explorers, we all have
the moral responsibility to minimize the physiological risks, and if artificial gravity is a way to do it, we
need to proceed in that way.
The decisions as to whether we spin the vehicle
or spin the individual subject involve human-factors
issues: Can you move heavy masses easily in the rotating environment? Will you be bothered by the gravity
gradient, where things weigh more at your feet than
they do at your head? And what are the engineering
uncertainties associated with it?
Remember, as Tsiolkovsky told us: “Earth is the
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cradle of humanity but one cannot remain in the cradle forever.”
Finally, let’s try to prophesy about the next thousand years. Arthur’s first law of prophecy, which we
should all take seriously, is: “When a distinguished
but elderly scientist” – that’s us – “states that something is possible, he’s almost certainly right. But
when he states that something is impossible, he’s very
probably wrong.” So, to predict the nature of human
exploration beyond Mars takes more than a modicum
of confidence, since the very feasibility of the Mars
mission is still in doubt. On the other hand, it’s never
been a problem for MIT professors to let modesty get
in the way of making predictions.
In 1893 the great Columbian Exhibition in Chicago
celebrated the 400th anniversary of Columbus’ voyage to the New World. In those days they said that
he discovered the New World. We now know that the
New World discovered the white man – but at any rate
it was a cause for celebration. The plan was to have
a centenary celebration of the discovery of America
every hundred years. A group of newspaper publishers at that time selected a hundred of what they felt
were the greatest minds in America, by a criteria that
they didn’t reveal, and asked each one to write a brief
essay describing what America would be like a century hence, that is, in 1993, which would have been the
500th anniversary of the crossing of the Niña, Pinta,
and Santa Maria. Then, a century later, in 1993, the
Association for Computing Machines gathered these
essays, analyzed them, and put them out in a wonderful little book called Then/Now, discussing what was
predicted and what actually came to pass. I think it’s
something that we here at this Foundation forum can
take seriously.
The technical predictions included high-speed rail
transportation, shortening the trip from New York to
Buffalo to a few hours, and telegraphy, which would be
available to allow everybody to have access to a convenient machine. There was no mention, of course, of
the impact of wireless communication, let alone television. Not a hint of computers or nuclear energy. The
predictions about science and technology were hopelessly conservative. On the other hand, the predictions
regarding the human condition were full of optimistic
views of a Utopian society. There was plenty of money
for culture and literature as well as the more mundane
needs of food and shelter. The well-educated, literate
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society would increase the demand for newspapers
and books. War and pestilence would be gone forever, along with avarice and aggression. All of this was
predicted for the century that saw two World Wars,
the Holocaust, the Great Depression, ethnic battles
from Ireland to Bosnia to Iraq, the spread of AIDS,
and major starvation in Africa. The predictions about
advances in human nature that were so consistent
with a Victorian concept of the perfectibility of man
were ridiculously optimistic.
What makes us think that we are any different now
a century later? What does this tell us about our present task? We should think very boldly when it comes
to overcoming technical hurdles, but we should be
very cautious in terms of the great cooperative international undertakings.
Now, let me get back to exploration and where we
should go. Let’s not kid ourselves about taking Mars
exploration as certain. It will be hard. After the first
bold exploration by a small crew in about 20 years
or so, we will probably get serious about establishing a Martian infrastructure to accommodate a series
of science and possibly mining visits. It will probably occupy us for the better part of the 21st century.
Almost surely, the Mars exploration will not be like
Apollo: a great race, plant the flag, pick up some rocks,
listen to the competitors saying that they weren’t
even in the race, and then quit. The surface of Mars
will sprout fuel stations, habitats, storm cellars, and
backup transportation systems. There will be serious,
well-equipped laboratories that will support international teams of scientists to look first and foremost
for biological, chemical, and physical evidence of life
of any form on Mars, past or present. Other Martian
geologists will be occupied with study of the craters,
river basins, soil formations, the possibility of ice, and
looking for hidden water. Eventually the real possibility of a Mars colony may come to fruition as the
science issues become resolved, but I rather doubt it.
As for terraforming Mars to make us
a two-planet species … no way … the
overpopulation problem calls for a
more down-to-Earth solution.

As for terraforming Mars to make us a two-planet
species, as we discussed yesterday, no way. It would
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make far more sense to me to make the Sahara or the
Antarctic or undersea habitable for large societies.
Clearly, the overpopulation problem calls for a more
down-to-Earth solution.
But let’s go beyond Mars. By late in this century,
the Mars base will resemble the National Science
Foundation research base in McMurdo Bay in Antarctica. There will be lots of interconnected buildings,
cafeterias, recreation halls, probably a 1-G centrifuge
for those who need help in keeping fit while preparing for the trip back home, dormitories, observatories,
maintenance sheds, garages, backup life support systems, closed ecological waste disposal, plant growth
farms, and a couple of fuel factories. The principal
power sources will be nuclear reactors. There will
be Martian airplanes for observation and for travel
between lab sites. The infrastructure will be supported by Martian lunar hostels and communication
links on the moons, on Phobos and Demos. There
will be transportation back and forth between Earth
and Mars, probably using some kind of an interplanetary orbiting shuttle that a person latches onto and
then leaves again.
Before then we will have returned to the Moon. We
will have set up probably two semi-permanent bases,
one on the side of the Moon facing the Earth and one
on the far side. The latter, of course, shielded from the
Earth-generated TV and other electromagnetic emissions, will be chiefly for astronomers. The former can
serve multiple functions, from mining of the Moon to
lodging for space travelers, and of course it will serve
as a relatively cheap and safe place to test the technology for the more daring Mars adventures.

Without a significant advance in propulsion … a trip
anywhere else but Mars and its two moons is just too
long to be feasible for human exploration.

Beyond Mars, it’s even harder for exploration. Without a significant advance in propulsion beyond the
current moderate ISP bi-propellant rockets and solid
boosters, a trip anywhere else but Mars and its two
moons is just too long to be feasible for human exploration. What does feasible mean? We talked about
multiple generations. I take the maximum time for
human exploration to be about the same as that of an

undergraduate education – and it should be at least as
interesting and not much more uncomfortable.
Beyond Mars’s orbit, only the asteroid belt is within
range, at least of current rockets, but the scientific
interest and possibility of mining asteroids remains
highly speculative. We’ll certainly need one of the
advanced forms of low-thrust, continuous propulsion
for any destination beyond Mars, whether this propulsion is a mass drive or an ion engine, nuclear thruster,
or even a technology that hasn’t yet been conceived.
Assuming that we do solve that and go out with
humans – or probably without – what is there to visit
and what’s most interesting? From my point of view,
the most interesting phenomena for observation are
those associated with life, with its origins, with its
conditions to flourish, the reasons for its extinction.
Certainly the continued and growing fascination with
Mars exploration is centered on the ability of humans,
aided by semiautonomous robots, to search and test
for life evidence in areas known to have had flowing
water.
Our notions of what conditions could be amenable to support simple life forms have been greatly
expanded since the discovery of organisms that thrive
in the hot sulphuric plumes of the deep ocean vents.
Even my wildest thoughts stop short of sending people outside the solar system; I leave those possibilities
to science fiction writers. So, I come down to a list
of destinations not very different from others who
speculate on the distant future. The destinations are
all moons of the outer planets, and they are, in my
order, Titan, the largest moon of Saturn, and two of
the moons of Jupiter, Io and Europa.
In many ways, the process of planning the voyage
and undertaking it is of equal importance to the destination.
Ward: Will there be as much garbage on the Mars
base as there is at McMurdo Bay?
Young: I’m afraid so. Who else has been to McMurdo
Bay? It’s awful! It was such a thrill to go to Antarctica,
and so terrible to see all that garbage.
I wanted to close this last part with an Arthur
Clarke quote, one of his laws of prophecy, in which he
says: “Any sufficiently advanced technology is indistinguishable from magic.”
Berry:
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bating weightlessness, what did you think of the very
simple vehicle in the 2001 movie, the rotating center
of the ship? It seemed very simple and cheap.
Young: The rotating center of the ship is, in fact, going
in the right direction. The wonderful thing about the
Clarke movie is that he has managed to eliminate
Coriolis forces. If you remember when the astronauts
lowered themselves down the ladder, they did it with
alacrity, whereas if you or I tried to go down a ladder
in a rotating room, we would be fighting these rather
significant Coriolis forces. But aside from that, those
are dimensions that are reasonable: room diameters
of four to ten meters.

… regarding the two-person
centrifuge … I’ve often wondered
why such a device is not
on the station now …
Chaisson: Larry, regarding the two-person centrifuge,
in which they take the spin-in-the-gym kind of thing
for one hour per day, I’ve often wondered why such a
device is not on the station now, such that the astronauts during their normal sleep cycle would strap
themselves in for their full sleep cycle and just spin
slowly, not the one hour a day but have a good eighthour spin at a reasonable rate. Has anybody tried that
or is there some reason why that’s not reasonable?
Young: I wonder why it’s not up there. I’m sorry it’s
not up there. It has been tried. In fact, it was a student
of mine who’s known to many of you, named Peter
Diamandis, who, among other things, started the
ISU [International Space University] and the X-prize.
When he did his master’s thesis with me, he followed
up that idea exactly. He built a centrifuge, and we
had people sleep on it. We measured all of the sleep
parameters and found that sleep was perfectly normal. It was spinning at 23 revolutions per minute. We
were very concerned that subjects would make head
movements, get motion sick, and fall off this thing, so
we had them strapped in and we provided a headrest.
It turns out that after you have made your first head
movement, you don’t make any more. So, that was no
problem, and sleep was perfectly normal.
We had one subject, Todd, whom some of you
know from ISU, who slept on it every night for a
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week, and had perfectly good REM sleep, normal eye
movements, and went off and did the things MIT students do during the day. So, yes, I think it’s a good
idea. We worked on it. We have met resistance in getting it flown either as a demonstration on the Space
Shuttle or installed on the station. I still think, before
the station is decommissioned, that we should take
advantage of the opportunity to test it in Earth orbit.
Doetsch: I was struck by your comment where you
said that we underestimate technology but overestimate human change capacities. I am now going to
put myself a thousand years from here rather than a
hundred years. During the course of the discussions,
we’ve had some very strong and dogmatic statements
about no terraforming, maybe even no migration
going ahead, and that it’s very simple, instead, just to
develop the Antarctic, the Sahara Desert, and things
like that. But it seems to me that a thousand years
from now the Earth will be resource-limited. Even if
we take today’s population and bring it all to a uniform
standard of living, the resources that are going to be
required are enormous and they’re going to deplete
what Earth can sustain. So, I would really like to hear
why you believe it’s just impossible and, therefore,
maybe we shouldn’t even try to look beyond Earth as
part of the sustenance of the human species.
Young: If I said that it was impossible, then there was
a misstatement. It’s terribly difficult, and I believe that
it’s comparatively far more difficult than making livable the parts of Earth that were thought to be barely
livable. I’m speaking as somebody who has lived in
Houston, which I used to think of as unlivable before
air conditioning. My sense is that the development of
technology and the investment of resources to make
currently uninhabited portions of the Earth and
the seas livable is considerably more likely and less
expensive than terraforming Mars. I did not say that
terraforming Mars is impossible; I just don’t think it’s
a very good idea. I don’t have hard technical facts to
base that upon. It’s an engineer’s expert opinion.
Doetsch: My question goes a little bit deeper. Is just
developing currently uninhabitable portions of Earth
an answer to the resource limitations of Earth to sustain the population?

This is outside my field of expertise. I believe,
from what I’ve been able to read, that the only resource
Young:
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that we are certainly running out of at this time is fossil fuel. For all of the others, there appear to be ways of
developing further sources, or, certainly on the agricultural plane, increasing productivity. I must say that
I think that one of the dumbest things our current
society does is take this limited resource of oil and
burn it to heat our houses. But other than fossil fuel,
and we have alternatives to that, I think, for electricity
generation, I don’t see any others in which we can say
that we are definitely running out.
Let me follow up, from a geological point of
view. You’re absolutely correct. There was this terrible bet between one of the ecology folks and Julian
Simon as to the price of rare minerals after ten years.
The thought was that we were running out of all of
this stuff, but in every single case, every one of those
rare minerals was cheaper after ten years, even in new
dollars. It’s all a case of money. As we run through
the best ore deposits, we simply go to slightly lower
percentages. Compared to sending a rocket to the
asteroids, it’s still millions percent cheaper to just get
slightly less high-grade ore.
So, you’re right. I see hydrocarbon as the only one
we’re going away from.
Ward:

Young:

Thank you.

while rotating. It may be necessary to put a vibration
plate underneath it, or even something as simple as a
cam on a bicycle. You may have experienced riding
an old bicycle on which the chain slipped, and as you
stepped down on the pedal, it suddenly gave way and
you would get an impulsive load – something of that
order, but using the inertial loading of the centrifuge
and your own body mass to provide the force.
We’ll see how effective this is. Unfortunately, the
tests that are beginning this fall, which are only three
weeks in duration, are too short to get enough bone
loss to be able to show up in the densitometry measurements. However, the biochemical markers that
are associated with the inability to bring calcium into
the bone will show up within the first few days, so
we’ll know whether it’s going to be effective.
Sallaberger: What about the human-factors issues
related to that? Can you get people for two years to be
riding a bicycle in place?
Young: For an hour a day – yes. It is considerably
less onerous than the exercise protocol that’s on the
International Space Station. Of course, we’ll have to
provide either recreation or work for them to do,
and we have a computer screen that can either show
movies or allow them to work on the computer while
riding the centrifuge.

You mentioned the problems of longterm exposure … the most serious
is bone decalcification.
Will that be solved by this kind of
small-radius centrifuge?
Sallaberger: Larry, I was wondering about your
solution with the small-diameter centrifuge. You
mentioned the problems of long-term exposure on
the human body, and I think that the one you said is
the most serious is bone decalcification. Will that be
solved by this kind of small-radius centrifuge? Don’t
you need to somehow have jerk motion or jarring
of the body and in that case wouldn’t one be driven
towards solutions with much larger diameter where
you could actually engage in hard exercise?
Young: I think it will be solved on the centrifuge, providing we supply the additional exercise. The current
system has a stepper on it, so that, in fact, a person
can walk in place to provide the increased loading

… the plans point in the direction of
going to the Moon … At least there is
a CAM in the plan … Will that help?
Zimmerman: Larry, this was a fascinating talk. It
appears that, at least in the near term, the plans point
in the direction of going to the Moon, and the only
capability to do what you’re talking about out there, I
think, relates to the CAM. At least there is a CAM in
the plan; there is no plan for what you have. Will that
work? Will that help? It’s not designed to do exactly
what you’re talking about, so how much contribution
does that make? The other side of that is: How critical
is it if that doesn’t fly?
Young: For everybody’s benefit, the CAM is the
Centrifuge Accommodation Module. It was a device
originally developed at NASA-Ames and was sent
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over to the Japanese to build in barter for experiment time on the station. My understanding is that
it’s pretty well built and awaiting a launch opportunity
to get onto the station. My understanding also is that
it is in imminent danger of being cancelled, if it hasn’t
already been.
Jim’s question, which is a very good one, is: How
important is it to have the CAM in order to be able to
understand the artificial gravity issues that we need
on Mars? It is important. It’s not sufficient, but the way
science moves along, especially medical “science,” is
that you end up trying things and seeing what works,
and then going back and doing the basic science to
understand what the mechanistic explanations are.
And that’s the wrong way. The way to understand the
effects of gravity grading, of non-uniform gravitational fields on the body, is to do basic physiological
experiments. Now, the weak point, as far as using the
centrifuge that’s in the CAM to understand human
exposure to artificial gravity, is that it will not accept
animals any larger than rodents. And a rat is not a
really good model for this. It’s pretty good for muscle
and bone, but it’s perfectly terrible for the cardiovascular system, simply because the rat is a quadruped
and, therefore, its circulation is aligned parallel to
the floor and not perpendicular to the floor. Also, it
doesn’t suffer the challenges that we have when we get
out of bed and stand up.
So, I think the CAM should be flown. I think it
would be a dreadful breaking of trust with the biological community if they should cancel it. But I
can’t stand up here and say that without the CAM we
cannot proceed with human artificial gravity. Good
question.
I see maybe a limitation to use the centrifuge
for a rather long period of time in orbit – hours or
overnight, as proposed – because it probably would
be good for the decalcification problem, but the
transition from zero-G to 1-G will affect the other
physiological functions, like the cardiovascular system. So, you will have the astronauts getting sick
during the transitions from the zero-G to 1-G every
day, instead of getting sick just once at the beginning
of the flight. What do you think about that?
Favier:
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… people achieve what’s called dual
adaptation. You end up carrying along
adaptation both to the centrifuge and
to the nonspinning environment.
Young: I am delighted that you asked that question,
because that is the motivation for the research that
we have been doing now for six or eight years at MIT.
We identified that problem and said, “Look, if the
astronaut is going to get motion sick every time he
or she gets onto the centrifuge, and again when he or
she gets off, it’s going to be intolerable.” Or if the cardiovascular system, which, as you know better than
anyone else in this room, adapts to the weightless
environment over a period of several days, if it will
readapt by getting on the centrifuge and then you are
ill fit once you get off it again, that’s not going to be
something you want to go for.
So, the experimental program that we have been
running at MIT, and there are similar ones going on
in Japan, has been devoted to looking at these transitions. What we have found, happily, is that people
achieve what’s called dual adaptation. You end up carrying along adaptation both to the centrifuge and to
the nonspinning environment. This shouldn’t be a big
surprise to us, because everybody in this room who
wears eyeglasses has dual adaptation. When I move
my head back and forth or up and down without my
glasses on, the world remains stable because my vestibular ocular reflex stabilizes my eyes appropriately.
It takes the measurements of head velocity and transmits them into eye velocity. When I do the same thing
with my eyeglasses on, a different gain is required in
order to stabilize the world. How is it possible that I
make these head movements requiring two very different gains, but do it with stability? It’s because we
have learned two separate systems and have retained
it in the two.
Now, you also know that when you first get glasses
with a different prescription and put them on, you
get a little bit motion sick that first day, don’t you?
Because in the process of achieving this adaptation,
there is the development of motion sickness, but you
get over it. So, in summary, it was a very real concern
and I’m now convinced that it is not an issue.
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Facilitator: Thank you. We will have a breakout
group on this topic and Dr. Young will lead the conversation, so further issues can be raised at that time.
Let’s go for a break now.

[Note: Slides shown by Dr. Young on the subject of
artificial gravity were borrowed from his co-investigator, Dr. William H. Paloski of NASA Johnson Space
Center. Slides on Mars were from a paper presented at
the Collège de France (Paris) in 2003 with co-author
Sophie Adenot.]
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… there are three things that you
need in order to do things in space:
propulsion, propulsion,
and propulsion.
Frisbee: When it comes to humans in space over the
next century, over the next millennium, there are
three things that you need in order to do things in
space: propulsion, propulsion, and propulsion. What
I’ll be talking about today, in some respects, sounds
like science fiction. It was science fiction, and a lot
of times it still is, but sometimes we do turn science
fiction into science fact – like 40 years ago that funny
idea of sending people to the Moon.
Why do we need advanced propulsion? Well, it
allows us to reduce costs; it allows us to do things we
could never do before, because there are some missions that are just inherently impossible unless you
have advanced propulsion technology.
I will very briefly go through a long laundry list
of advanced propulsion concepts and ideas. I’ll try to
focus on some that are more far term but that also
are the kinds of systems that we will need to really go
out and develop the solar system and beyond. Finally,
looking a little bit to the future: What are some of the
possibilities and what are some of the limitations?
We’ve already heard Sir Arthur [Clarke] quoted a
number of times. He had a great set of quotes regarding
new ideas. He said that new ideas pass through three
periods: “It can’t be done.” Then “Well, it can probably
be done but it’s not worth doing.” And then finally

once you do it: “Hey, I knew it was a good idea all
along.” For example, we go from Jules Verne’s cannon
in From the Earth to the Moon to Robert Goddard to
Apollo. Of course, today we would say: “I don’t know
how I ever got along without that” – I am referring
to communication satellites using electric propulsion,
but I could just as easily refer to a microwave oven.
How did we ever get along without them?
When we were asked to name our “big three”
questions for the workshop, my first one was low-cost
transportation, especially Earth-to-orbit, but also
when you’re in space, moving from planet to planet,
and landing and taking off.

… we should … manipulate the environment
and resist the temptation to manipulate humans,
at least intentionally, through genetics.

A second “big” area, I think, is being able to live
off the land, to utilize all the materials and energies
available in space. Also, as something of an editorial
comment, what I think we should do is manipulate
the environment and resist the temptation to manipulate humans, at least intentionally, through genetics.
It’s the one thing Homo sapiens and beavers do pretty
consistently: They manipulate their environment to
make it a place where they’re comfortable living.
And then finally – and, of course, this is something
that’s kind of a given – the next 100 years, maybe 200
years are going to be the hardest [slide refers to several “ultimate” weapons of mass destruction]. If we
can resist the temptation to wipe ourselves out, pretty
much the sky is the limit.
A little bit on technology projection: We heard Dr.
Young speaking about that workshop about a hundred
years ago trying to predict the future. Well, think a
thousand years ago, when the ultimate military weapon
in Europe was the British long bowman. Not low bow,
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but long bowman: excellent man-machine interface
for warfare. That weapon system could take down
the main battle tank of medieval Europe, an armored
knight on horseback. It was a terrifying weapon.
Well, let’s get a little more positive and think only
a hundred years ago. A hundred years ago, Newton
and Maxwell were the gods of science. We often forget
that Maxwell did the first Grand Unification Theory
for electricity and magnetism.
Advanced propulsion a hundred years ago was a
steam locomotive that held the world speed record,
100-plus miles an hour. Of course, Casey Jones found
out the downside of that. Today we have quantum
mechanics, relativity, lasers, rockets, computers. Of
course, you might argue whether or not all of those
are good.
About a hundred years before Apollo,
Jules Verne predicted what it would
take to send people to the Moon …
he was dead on target when it
came to the crew vehicle.

When we try to predict technology, look at the last
century and see what’s happened. And bear in mind
that we have to try to stick at least to what we think
we know is physics, and, of course, physics is changing almost as we speak. One of my favorite examples
from science fiction is Jules Verne. About a hundred
years before Apollo, Jules Verne predicted what it
would take to send people to the Moon. It’s interesting
that, from a science-fiction literature point of view,
Verne used the technological weapons of a recent war
that America was in, the Civil War: Things like submarines, balloons, armored ships, and cannons (not
rockets) were the big technological toys. Well, Jules
Verne completely blew it when it came to the Apollo
launch vehicle; he was orders of magnitude off. But he
was dead on target when it came to the crew vehicle.
The size, the mass, even the material – aluminum
– was right on target. And this is not too many years
after one of these mad Bavarian princes had a knight’s
suit of armor made out of aluminum, not because it
was lightweight, but because at the time aluminum
was more expensive per pound than gold. And then
along came the Hall process and suddenly mad King
Ludwig, or whichever one it was, had essentially an
empty beer can.
84

A couple of years ago we were celebrating the
centennial of flight, based on the Wright Brothers in
1903. Unfortunately on this side of the Atlantic, everyone conveniently forgot that it was also the centennial
of space flight. In 1903 Tsiolkovsky invented what we
call the rocket equation. This equation is our curse; it
is our bane; it is a pox upon the houses of space propulsion, because it relates the increase in the wet mass
of a vehicle to an exponential in velocity divided by
the exhaust velocity of the rocket engine. Ultimately,
all a rocket does is conserve momentum. Mass times
velocity going out the tailpipe has to equal mass times
velocity of the rocket going the other direction. That
exponential kills us. Essentially at some point you
get a mass ratio where you can’t even build propellant tanks light enough to hold the propellant that it
would take to get that next little bit of velocity. That’s
one reason why we don’t bother talking about using
chemical rockets for an interstellar mission. It isn’t
going to happen. You would have to have almost negative mass propellant tanks to make it.
… one of the rules inherent in it is that all the propellant
you’re ever going to need you’re carrying with you from
the beginning of the flight … one way to get around
that is to use extraterrestrial propellants.

But the rocket equation is not the whole story, because
buried in this ratio of masses are things like the dry
weight of the vehicle as well as the payload mass. So,
quite often we try to attack the rocket equation by
either increasing exhaust velocity, also called specific
impulse, the dry mass, the delta-v, or we try to cheat
the rocket equation by saying, “I’m not going to play
by your rules.” And one of the rules inherent in it is
that all the propellant you’re ever going to need you’re
carrying with you from the beginning of the flight.
Now, obviously one way to get around that is to use
extraterrestrial propellants.
One of our big problems right now is cost: good
old-fashioned money. These data are a little bit old
now, but they give you an idea of what it costs per
pound to go to low Earth orbit or to geostationary
orbit. What we would like is to be down at hundreds
of dollars per kilogram. In probably the ultimate limit
we would like to be at dollars per kilogram. That’s
about what it cost the Foundation to fly me here, hop-

Humanity 3000 “Humans and Space: The Next Thousand Years” Proceedings

Transcripts | Section 4.2.5
“Advanced Propulsion Systems”
Presentation by Dr. Robert Frisbee

ping on an airplane. It’s also worth noting that here’s
the cost of gold [shown at $400/troy ounce]. Guess
what? The aerospace industry has achieved the goal
of medieval alchemists. We can turn anything into
something as expensive as gold by just shooting it a
hundred miles up into orbit. As they say, that’s no way
to run an airline.
A little bit of perspective: What we try to do is fight
the rocket equation. So, how do we attack it? Again,
specific impulse has been the historical approach: We
get better and better chemical rockets, better and better energy sources, like electric propulsion, nuclear
propulsion. We attempt to attack the dry weight of the
propulsion system with lightweight structures, micro
devices, very small propulsion masses.
Another very attractive approach is taking the
energy source off the vehicle and beaming energy to
the vehicle, either as sunlight or lasers or microwave.
We can also decrease the delta-v. We can do gravity
assist. That’s why the Voyagers are well on their way
out of the solar system. We can do aerodynamic drag
to slow us down. We can also use secondary devices
to provide some of the delta-v we need and get that
off the rocket, either by using catapults for launching
things into space, or by using tethers to reel things in
and out from orbit.
Again, I mentioned earlier cheating the rocket
equation. We can live off the land. Or, since a rocket
ultimately uses momentum, we can use not just
energy but momentum from other sources, such as
the photon pressure of sunlight or lasers or microwaves to push lightweight sails.
Finally, we can say “to heck with Newton and Einstein,” and come up with some totally new physics.
Maybe it doesn’t exist.
Well, how about chemical propulsion? Obviously, there have been a lot of changes through the
years, from the 1950s to today. Who knows what the
next big thing in chemical propellant will be? I was
very strongly affected by a series of Walt Disney TV
shows in the late ’50s – 1957, I think. There were three
shows: Man in Space, Tomorrow the Moon, Mars and
Beyond. For those of you who are educators and trying to involve the public, those were phenomenally
remarkable shows, because they had excellent technical advisors, people like von Braun and Ernst
Stuhlinger, and yet they packaged the material in a
very entertaining fashion. In Tomorrow the Moon,

they actually showed a flight around the Moon.
There is a scene where they’re entering data into the
shipboard computer. Now, this is 1957. There are no
electronic keyboards, no electronic numeric keypads.
They enter the information using a rotary telephone
dial. They enter a numeric code into the computer to
say, “We need this course correction.” Those shows
are now, finally, available on DVD.

Two months to Mars, a year to Jupiter,
three years to Pluto. That’s the way to travel
around the solar system …

Ultimately we’re limited, though, by chemical energy.
Here we are with Lox/hydrogen. If we really want to
start moving out, and still want to follow the rocket
equation, we’re going to need fission and fusion
and maybe ultimately antimatter. One of the more
intriguing concepts for really moving around the
solar system, maybe towards the middle or the end
of the coming century, is fusion propulsion. Yes,
we’re only five years away from achieving break-even,
and we always will be. But some day we’ll be able to
make it work in propulsion systems. Now, this level of
performance is what Buck Rogers had in mind: You
basically lead the target; you step on the gas; and you
go. There isn’t any of this silly going around the Sun
half a dozen times (not quite that many) just to get to
Mars on a minimum energy trajectory. You go; you
stay; you drop off the mail; you pick up passengers;
you come home. Two months to Mars, a year to Jupiter, three years to Pluto. That’s the way to travel around
the solar system, at least for high-priority cargo, like
people – when it absolutely, positively has to get there
in a couple of months.
Another approach that’s had a lot of interest
recently for both robotic and potentially cargo missions, to support manned exploration, has been solar
and nuclear electric propulsion. You essentially take
sunlight, turn it into electricity, or you take a nuclear
reactor, turn the heat it produces into electricity, and
feed that energy into an electric propulsion device.
There are lots of different thrusters; I won’t put you
to sleep by describing them all. But, again, these are
very attractive, but they’re also low acceleration, so
for a lot of the inner solar system missions, they may
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or may not give you a trip-time advantage. The real
advantage to them is in the outer solar system, where
you have lots of time to accelerate, get up to a very
high terminal velocity, and coast and then slow down.
You have a much higher delta-v, because you’re going
a lot faster, but you don’t care. The specific impulse is
anywhere from many thousands of seconds to potentially tens of thousands of seconds, whereas the best
we do with Lox/hydrogen is about 450 seconds.
Another approach is to make everything small:
micropropulsion. Instead of having an engine the
size of this room, have something the size of the projector. Or go one step further and have a complete
spacecraft the size of the projector. That’s the promise of micropropulsion, getting very small systems to
reduce mass.
There’s an interesting alternative, and that is going
the route of ultrahigh-precision propulsion for use
on a lot of the future space-based interferometer telescopes. That’s the technology that ultimately will allow
us to see a terrestrial-sized planet, spectroscopically
evaluate it, and then ultimately image it – actually
take a picture of a planet. It would probably be about
like a weather satellite photo of Earth, a little fuzzy,
but you’ll be able to pick out continents and oceans,
and do that out to maybe 40 or 50 light-years.
Beamed energy, whether it’s sunlight,
laser, or microwave, has the idea that
you’re taking the inherent energy
source off the vehicle.

Beamed energy, whether it’s sunlight, laser, or microwave, has the idea that you’re taking the inherent
energy source off the vehicle. You don’t have to carry
a nuclear reactor or solar cells or whatever.
Another idea that’s very intriguing in terms of
large-scale human presence in space is the idea of
using beamed energy as an analogue to a terrestrial
power grid. If I want electricity, if I want power, I go
over to the wall and plug in my device – my computer
or whatever. Well, the vision here is if you need to have
a megawatt of power for a couple of hours, you dial up
your power station and they send you either laser or
microwaves. You pop out your receiver – a very lightweight device – and they beam the energy to you. You
may not need the power all the time so you don’t have
86

to worry about carrying a power supply with you all
the time. It’s also interesting that if you’re using sunlight or laser light, you can use photovoltaic cells. If
it’s sunlight, on a good day you might get 25 percent,
sunlight to electric efficiency. If you take photocells
and you dope them for the monochromatic light of a
laser, you can essentially double the efficiency. That’s
pretty good. For microwaves, you would use a device
called a rectifying antenna or rectenna. That might
get you 70, 80, maybe 90 percent efficiency. So, it’s a
very intriguing idea.
We’re still trying to figure out ways to cheat the
rocket equation, and, of course, one of them is to just
use momentum directly. Photons have momentum.
They are little quantum mechanical billiard balls, and
you can bounce them off a surface, again either sunlight or laser or microwave. Here [slide shown] is a
square sail that was designed in the late 1970s for the
Haley Comet Rendezvous mission. It wasn’t selected
because at the time they felt that solar-electric propulsion presented fewer risks, especially for schedule,
than solar cells. And they were right. We did fly solarelectric propulsion first. It was about 30 years later,
but at least they had it right.
The Russians deployed a spinning circular sail-like
structure from one of their Progress resupply tankers, Znamya. It wasn’t as thin as we would like a sail
to be, because of its very low acceleration. Think of
taking a five-pound bag of sugar and spreading it out
over a square mile. That’s not a lot of pressure. And
it sounds like, unfortunately, the Planetary Society’s
Cosmos Sail may have been dumped in the ocean by
its launch vehicle.
Again, if you’re doing something like an interstellar
mission, instead of using sunlight where the intensity
drops off as the square of the distance, use very big
and very powerful lasers to essentially collimate the
beam out to interstellar distances.
Aerocapture, aerobraking, aeromaneuvering, in
general, are ways of reducing the delta-v you have to
supply when you’re trying to slow down at your target. At Mars and Venus we’ve done aerobraking, going
from higher orbits to lower orbits, just using air drag
on the solar array panels. It’s not very elegant, but it
sure saves a lot of delta-v. Aerocapture we’ve used, for
example, with Apollo. We haven’t yet really used it on
a lot of missions, primarily because the entry velocities tend to be high. The Galileo probe didn’t go into
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orbit, so technically it doesn’t count as aerocapture.
And, of course, the Shuttle routinely does aeromaneuvering. That will be very important for a Mars
base, so that you can pinpoint-land at the base instead
of landing tens or hundreds of kilometers away. Tens
of kilometers is what we have, using the types of systems we have today.

You can literally dump rock in the bucket of the
electromagnetic catapult, accelerate it …
and use it as a rocket engine.

Catapults, both chemical and electromagnetic, are
another example of a potential way of getting deltav off of the vehicle. There are a number of chemical
devices as well as electromagnetic devices that can be
used to launch things. Because of the logistics requirement, chemical catapults are probably restricted to
use for Earth launch, but electromagnetic launchers
could be used on the Earth or in space. It is also worth
noting that an electromagnetic catapult looks like a
very funny, very big electric thruster. You can literally
dump rock in the bucket of the electromagnetic catapult, accelerate it, and toss that out the back end and
use it as a rocket engine. It ain’t pretty, but if you’re
using extraterrestrial resources, all your propellant
is free. An electromagnetic launcher could even be
attached to an asteroid [slide shown]. You just feed
rock into the bucket, launch it out the back, and move
your asteroid. Now, from a practical point of view, you
would probably want to have water ice as a propellant,
because it evaporates. Otherwise you would be firing
rocks all over the solar system going ten kilometers a
second, and the neighbors might start complaining if
they were getting hit by the rocks.
Tethers, towers, and skyhooks are another approach
to reducing cost for getting into space and moving
around in space. Tethers are odd, because they use
orbital mechanics and momentum. For example, if I
have a tether here and I’m anchored in low Earth orbit
(LEO), I’m moving almost eight kilometers a second.
But if the tip of the tether is at a higher altitude, if it’s
still anchored here in LEO, I’m now traveling faster
than orbital velocity at that altitude. The extreme
example is if I went up to GEO, where orbital velocity
is three kilometers a second. So, I can imagine getting

a payload into LEO, unreeling my tether, and now
I’m flinging this payload at much higher than orbital
velocity to go to a higher altitude.
You can also turn tethers down the other direction, pick things up at a lower altitude, and pull them
up. Now, yes, there is this nasty little thing called
conservation of momentum, so every time you do
something like this, the anchor, the base, is going to
drop in altitude. But then you do the orbital reboost
using some other very efficient propulsion system,
like electric propulsion.
Another gimmick is to use what is called an electrodynamic tether, where you run a current through
the tether and then the current comes back around
through the space plasma. And now you’re running
essentially an electric motor that can pull you back up
without using any propellant. You’re just using electrons.
The ultimate tether is the space tower or skyhook,
and that goes all the way from GEO down to the
ground. This is the kind of system that potentially gets
you dollars per kilogram, except for one little detail:
infrastructure cost. How do you convince someone to
pay for the interstate highway system before the first
truck can drive on it and generate revenue? There’s
also the technical challenge that you need almost an
“unobtanium” material to make a GEO tether. But
we’re getting close. Things like carbon nanotubes are
almost getting long enough to be able to weave them
into a cable and give us the strength we need.
A better approach that gives you more mass margin would be to use techniques like vapor deposition
to produce diamond fibers, actual diamond filaments.
So, we’re getting close technologically; the problem is
cost.

Extraterrestrial resource utilization is an extraordinarily
powerful tool in the future for humans in space.

Extraterrestrial resource utilization is an extraordinarily powerful tool in the future for humans in
space. [Slide: “Live off the land. Without the ability
to resupply consumables, the western boundary of
the United States would be the Appalachian Mountains.”] On the Moon or on asteroids, there would
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probably be mining for water ice because it’s very
valuable. It’s an interesting historical analogy to compare exploring America yesterday with the way we
explore space today. It’s sort of the pyramid approach
to exploring Mt. Everest, where you use base camps
and then another base camp, and another base camp.
That’s basically the way we do things today in space.
If we had taken that approach exploring America, we
would have had to carry our fuel, and oxidizer, and
water for transpiration cooling of the propulsion system, our four-legged ones [mule consumables], we
would only have been able to get to about the Appalachian Mountains in the United States. That’s the way
we do things now.
Finally, what about breakthrough physics? Here is
a nice quote by Hynek: “There is a tendency in the
20th century to forget that there will be a 21st century science, and indeed a 30th century science, from
which vantage points our knowledge of the universe
may appear quite different. We suffer, perhaps, from
temporal provincialism, a form of arrogance that has
always irritated posterity.”
Once upon a time I saw a cartoon with these classic Greek philosopher types. On the wall was a chart
reading “Air, Earth, Fire, and Water.” And the caption
was: “The periodic table: the early years.” We may be
in that position.
Dr. Young mentioned Clarke’s three laws, the third
of which is: “Any sufficiently advanced technology is
indistinguishable from magic.” There are two types of
technology magic. One is very advanced technology:
integrated computer chips versus discrete transistors.
But there’s another kind of magic, and that is having
the physical understanding of how the device works.
If I got into a time machine and I took a 1955 Chevy
back a hundred years in time, most of the technology would be very advanced but the people could
understand it – Bernoulli and gasoline carburetors,
and Maxwell with the spark plugs and the coils and
all of that stuff. Even the radio they probably could
have understood because it was a vacuum tube radio.
Now, take a 1965 Chevy back, and everything’s fine
except for these funny little pieces of black plastic in
the radio. Those things are called transistors. They
didn’t have the basic physical understanding to know
how it worked, to understand it.
There are a lot of holes in physics today, just as
there were a lot of holes 101 years ago, when nobody
88

could understand how the Sun could keep producing
energy, or the perturbation of Mercury’s orbit. In the
microscopic world, you had the photoelectric effect;
you had the black body, the ultraviolet emission, the
ultraviolet catastrophe. And you had something as
simple as line spectra for atoms. Well, along comes
“Big Al” Einstein, and you have relativity. Now you
can explain these things. Then you have quantum
mechanics, and you can explain those things. Great!

Now, a hundred years later,
we don’t know where most of
the mass of the universe is …

Now, a hundred years later, we don’t know where most
of the mass of the universe is; it has a brand new cosmological “constant du jour.” We have time machines
that are not forbidden by physics – very nasty problem when it comes to causality. We’re missing a lot
of solar neutrinos. There have even been experiments
that seemed to suggest that neutrinos have imaginary mass. That makes them tachyons, faster than
light particles. And, of course, we have faster-thanlight communication because of quantum mechanics.
Maybe, as Sir Arthur [Clarke] has said, there are
chinks in the armor of relativity that might just be big
enough to fly a starship through.
Interstellar missions: This is where we are today.
We have launched four interstellar spacecraft: Pioneer 10 and 11, Voyager 1 and 2. The only trouble is: It
takes a long time to get anywhere. If the Neanderthal
Aeronautics and Space Administration (notice the
acronym) had launched Voyagers, we would just now
be getting data back from Alpha Centauri. Needless
to say, there have been a few gaps between the dream
and the reality, but, of course, Buck Rogers and Flash
Gordon started in the 1920s and 1930s, again, with
tremendous technical optimism.
When you look into doing an interstellar mission,
it gets really hard because you not only want to speed
up to a good fraction of the speed of light, you then
want to slow down. A flyby mission isn’t going to cut
it, even a robotic one, because we’re going to do at
least as good a science in an interstellar flyby as we
can do sitting right back here at Earth using Terrestrial Planet Finder, Terrestrial Planet Imager – in other
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words, using these super telescopes that we’re going
to have over the next half century. They’re going to tell
us where to go, where the habitable planets are, where
the planets are that are Earth-like, where the “Goldilocks zone” is: It’s not too hot, not too cold. Our job
is to figure out how to get there.

You need a laser that has a power output that is
about a thousand times the total power output
of human civilization.

One approach is to use a laser-driven sail, but it has
some disadvantages. You need a laser that has a power
output that is about a thousand times the total power
output of human civilization. The laser mirror and
the sail are about the size of Texas. Now, of course,
being from California and JPL, I have no problem
with spraying a few atoms of aluminum on Texas and
launching it out to 40 light-years. No problem, but
the folks at Johnson Space Center might have a different attitude.
Another approach is Captain Kirk’s favorite on
the Starship Enterprise: matter/antimatter. One of
the issues here is that you have to use antiprotons,
not positrons, because when a proton and antiproton
annihilate, you get charged particles as well as a lot
of energy, and it’s the charged particles that you can
electromagnetically direct out the back of the rocket.
From a practical point of view, we currently make
about ten nanograms of antimatter a year and at an
efficiency of about a part per billion. So, there’s some
room for improvement.
Another approach is the Bussard interstellar
ramjet, where you literally suck-collect interstellar
hydrogen as you fly along, and use that in a fusion
engine. From a practical point of view, proton-proton
fusion is enormously difficult. You need hundreds of
millions of degrees temperature, hundreds of millions
of atmosphere pressure…. The Sun has a residence
time for the protons of 100,000 years. That’s an
interesting technical challenge. Fortunately there’s
a loophole. There is about one deuterium atom for
every 100,000 hydrogen atoms in space. That’s the
deuterium left over after the Big Bang turned most of
the deuterium into helium. So, we just make everything 100,000 times bigger, collect the deuterium,

and have D-D fusion. Not that that’s a lot easier, but
at least it’s possible.
Again, an interstellar mission isn’t so much a
technical challenge – which it obviously is, it’s a monstrous technological challenge. But even more than
that is the sheer size, the enormity of the undertaking.
If I take something like a Volkswagon beetle – that
weighs about a ton. If I take a metric ton of anything,
a thousand kilograms, and I have it traveling at half
the speed of light, just the raw kinetic energy corresponds to about three weeks of the total energy output
of humanity.

One problem we have, interestingly, is that we don’t
know the position and relative motion of stars well
enough to be able to plot an interstellar path.

There are a lot of technologies that have to be developed for an interstellar mission, not surprisingly. I’ve
talked some about the propulsion. Oddly enough,
communication isn’t terribly hard, at least for reasonable interstellar distances. If you’re trying to beam
information to a particular target, use laser optical
communication. It’s not as awful as it might seem.
One problem we have, interestingly, is that we don’t
know the position and relative motion of stars well
enough to be able to plot an interstellar path. A lot of
work needs to be done there.
If you’re sending a robotic mission, the automation and robotics guys don’t like to say it outright,
but you’re basically going to need something with the
intellectual capacity of a science fiction robot, something like Mr. Data or C3PO. It has to be surprise-able;
it has to look for data, and, if something looks interesting, change its programming to identify it.
Finally, there is an issue of reliability and lifetime.
It’s going to take decades, maybe centuries, to get to
interesting stellar targets. That means that you have
to have enormously reliable systems. Maybe instead
of designing everything for maximum performance,
you design it for maximum reparability, or replaceability. You have an onboard robotic machine shop
that makes the parts you need instead of trying to take
everything with you and make everything perfect.
Another intriguing question: We know it’s going
to be expensive to do interstellar missions, to do any-
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thing in space. So, what kind of resources is a society
going to be willing to put into such an endeavor? Well,
I looked at the federal websites for statistics on budgets. How much do we spend on a luxury item like
space exploration or war? A Frenchman said: “War
is diplomacy by other means” – then, yes, Apollo
was war by other means. Even in the good old days,
though, NASA’s total budget was less than a percent of
the Gross National Product. Today it’s about 1/8 of a
percent. We spend more on our pets – about twice as
much – as we do on NASA, and a lot of people would
say that that is perfectly reasonable.
… when you start marshalling the
energies and the resources to do big
things in space, the society doing it
had better be pretty well behaved
or it will blow itself up …

Interestingly, defense spending is another option. It’s
actually been decreasing as a percentage of GNP, other
than for recent perturbations. Sir Arthur [Clarke]
has a wonderful quote in 2001: “Mankind had finally
found something [space exploration] as expensive,
and as much fun, as war….” The reality is that when
you start marshalling the energies and the resources
to do big things in space, the society doing it had better be pretty well behaved or it will blow itself up,
one way or another. That’s that nasty little term in the
Drake equation, “lifetime of a civilization.”
What will we expect? Well, if we combine war and
space, maybe 10 percent of a civilization’s resources.
Now for the bad news: It takes decades and it takes
money, lots of money, buckets of money, to do things.
Tsiolkovsky invented the Lox/hydrogen rocket,
but it took quite a few decades to actually put that into
practice. He also invented solar sails and orbital towers, and, again, it’s taking decades to get that to reality.
Also, costs can start jumping in a rather frightening
fashion when you go from purely theoretical studies
to actually cutting metal in doing a flight project.
Finally, one of the things we’re finding is that nothing succeeds like success. A flight demonstration shuts
up all the naysayers. One of the big things we’ve found
was in the New Millennium program, actually doing
flight-technology demonstration missions. We might
have a little science tacked on the end to make it look
like it was a real mission, but they were technology
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demos. Success in that area really makes program
managers pay attention, because they are enormously
conservative – because if something goes wrong, they
have to sit in front of Congress.
Where does it all fit? Millions of different concepts,
millions of different places. Some areas for Earth-toorbit are chemical propulsion; catapults; also beamed
energy, using laser energy to heat air in a rocket, an
air-breathing rocket, so it doesn’t have to carry propellant with it. In space, once you’re there, you can
use catapults, at least the electromagnetic ones, to
launch things. You can use extraterrestrial resources
to make propellants, or there is aero-assist. You can
use tethers on Earth or in space, around the Moon,
around other planets. One of the more bizarre ideas I
once saw for a lunar catapult is to run it backwards, so
when the spaceship is coming in for a lunar landing,
they accelerate the bucket to match your speed, you
land in the bucket, and then you’re decelerated. That
would take a pretty good pilot, maybe something like
an aircraft-carrier pilot, because it’s about that level
of scariness.
If you want to get people around the solar system
in a hurry, we have fission. That could do a Mars mission in a year. You can do fusion; you can combine
them. If you have an inertial confinement fusion
rocket, instead of carrying the ignition facility with
you, you strip off the lasers and you beam the laser
light to the vehicle. You can use sunlight or laser light
to run a thermal engine in orbit. Again, we have electric propulsion, very funny electric thrusters like the
electromagnetic catapults, and solar sails.
If you’re doing interstellar missions, you’ve got
laser sails, antimatter, fusion. And there are several of
these that are cross-cutting and show up everywhere.
Extraterrestrial resources, aero-assist, micro-propulsion, and maybe – just maybe – breakthrough.
A couple of other random thoughts: When it comes
to SETI [Search for Extraterrestrial Intelligence], we
may be looking in the wrong places. Maybe all the
aliens are on the Alpha Centauri AOL, and they’re
sending all their signals with their credit cards back
and forth but they’re encrypted. Well, the perfect
encryption looks like noise; there’s no pattern. Maybe
that’s what we’re seeing and we don’t know it. We’ve
looked primarily for radio waves. Maybe we need to
put a photon bucket in orbit and look for optical communication. And maybe, if they are flying around like
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we think we would be, look for by-products of propulsion.

Molecular biology, I think, is going to be
the quantum mechanics and relativity
of the 21st century.

Molecular biology, I think, is going to be the quantum
mechanics and relativity of the 21st century. Maybe
there are some interesting synergisms between nanotechnology and biology. At some point, the two may
blend together and become indistinguishable.
Of course, we’ve got to get off this rock, friends!
Mark Twain said, “Yes, put on all your eggs in one
basket and then guard that basket.” The trouble is:
Mark Twain didn’t consider the fact that the basket
was eventually going to catch on fire. In the near term,
we don’t have the resources to support all of humanity
at the level of the industrialized nations – so get the
manufacturing, get the pollutants, get all the bad stuff
off the Earth.
We’ve talked some about migrations. Why would
people do it? And, finally, how do we pay for it? Maybe
governments can help, but don’t bet on it. There may
be tax or intellectual-property incentives. There may
be infrastructure incentives. Governments, on occasion, do decide that, yes, one of the jobs of government
is to provide infrastructure.
As for predictions for the future, I would say that,
near term [5–15 years], we’re kind of stuck with the
technologies we have and people will still be in LEO.
For the mid-term [15–30 years], optimistically, we
may go to the Moon, to Mars, use extraterrestrial
resources to make propellants, maybe start doing our
first robotic precursors out to hundreds or maybe
thousands of astronomical units. We’ll be able to see
planets out to 40, maybe 50, light-years and figure out
what looks intriguing. Where would we like to go?
In the far term [30+ years], all the bets are off. We’ll
outdo Buck Rogers and Flash Gordon. Again, it will
take very demanding technologies to get us anywhere
we want in the solar system. Very far term [22nd century?], we’ll go to the stars. It’s a question of scale and
cost, but that’s always been true. And maybe there’s a
wormhole and a warp drive in our future, and maybe
not. Don’t know. It will be interesting to see what all

the Grand Unified Theories do to us.

… in the end, it’s not going to be so much technology
that limits us as our ability to manipulate fundamental
resources of matter and energy.

In a way, in the end, it’s not going to be so much
technology that limits us as our ability to manipulate
fundamental resources of matter and energy. Interstellar missions are a good example. It’s not so much
the technology as the fact that they are just big, big,
big. But humanity has always risen to challenges. They
have done impossible, impressive things throughout time. You look at the pyramids of Egypt and of
Central and South America, the Great Wall of China,
the medieval cathedrals of Europe. Those took generations of investment by their respective societies.
It took the best and the brightest to do those things.
And very often, those are the things we remember
those civilizations for, just as we remember not too
many generations ago how a civilization embarked on
a grand adventure called Apollo.
Are there any questions?
Simpson: Regarding breakthrough-type technologies,
science fiction writers have loved to talk about the use
of gravity or graviton or something of that kind. Is
there any research in there that indicates any longterm possibilities? Is that one of the potential areas
about which we have a lot more to learn that could
be useful?

The problem is that there are many, many alternative
theories to relativity. The real test is in the experiments.

Frisbee: I think the answer is yes to all these questions. There has been some intriguing research that
suggests there may be ways of coupling electromagnetic forces and gravity; there may be ways of
manipulating gravity. The problem is that there are
many, many alternative theories to relativity. The real
test is in the experiments. And electromagnetic forces
are like 1038 or 1040 times gravity. So, anytime you hear
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somebody saying, “I’ve done something where I have
electromagnetic fields and it’s doing something to
gravity,” immediately start asking, “Really? What are
you measuring? Is it really a gravitational effect or is
it electromagnetic?”
At the other extreme are theoretical devices that do
follow the rules of relativity, but they’re engineering
nightmares. Bob Forward invented a device called the
gravity catapult. You take a coil that looks like a telephone cord and wrap it around in a circle; you pump
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white dwarf star density matter back and forth on
timescales of milliseconds, up and back to the speed
of light, going back and forth, and that will generate
a gravity field that you can use to launch things. You
would essentially be in free-fall, but you might be at
hundreds of thousands of Gs. That is allowed by relativity, but I don’t want to be the guy that writes the
procurement specification for that.
Facilitator:

Thank you, Dr. Frisbee.

Humanity 3000 “Humans and Space: The Next Thousand Years” Proceedings

Section 4.3 | Transcripts

Breakout Group Discussions
Guidelines

Before breaking into small groups for focused discussion
on specific topics, the participants received explanation
and guidelines.
Facilitator:

Sesh Velamoor (Facilitator)

Participants:

Plenary Session

Your objective in these groups is to
further flesh out the topics that have
been lectured upon and to take up any
questions that have emerged.
Sesh Velamoor (Facilitator): Five groups have been
formed, each with a separate, focused topic for discussion based on the presentations. Peter Ward will
lead Group 1, to discuss further his subject from last
evening’s keynote: “Will We Leave Earth for Permanent Space Colonies?” That group will include, along
with Peter, Adigun Abiodun, William Calvin, Eric
Chaisson, Robert Frisbee, Krishnaswamy Kasturirangan, and Michael Simpson.
Group 2 will be led by Adrian Berry, to continue
the discussion on “Miners of the Sky.” The others in
Group 2 are Yolanda Berenguer, Jean-Jacques Favier,
Virendra Jha, Christian Sallaberger, and Pierre-Alain
Schieb.

Karl Doetsch will lead Group 3 for further
discussion of his topic: “Space Technology and Environmental/Social Challenges.” Also in that group are
Adam Bruckner, Nicholas Patrick, U.R. Rao, Laurence
Young, and James Zimmerman.
Groups 4 and 5 will convene later and each will
include half of the full participant group. Group 4
will be led by Laurence Young and take up the topic
“Human Adaptation to Long-duration Space Flight,”
a subject he spoke on in his presentation on “Why
Mars?” And Group 5, with Robert Frisbee as Lead,
will discuss “Advanced Propulsion Systems.”
You will have approximately 90 minutes for these
breakout-group discussions. Your objective in these
groups is to further flesh out the topics that have been
lectured upon and to take up any questions that have
emerged. At the conclusion of the group time, the
group leaders will present summaries of those conversations to the plenary.
There is a reason each group is composed as it is.
Each of you is in a group where the topic matches in
some way your background or your expertise – or
where I thought you would have a strong contribution to make.
If there are no questions, let’s move now to the first
set of three small groups.
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Will We Leave Earth for Permanent Space Colonies?

Participants:
Peter D. Ward (Lead)

Can we expect human colonies outside
the Earth? What are the prospects for
that? What are the dangers and
what are the problems?

Adigun Ade Abiodun
William H. Calvin
Eric J. Chaisson
Robert Frisbee
Krishnaswamy Kasturirangan
Michael Simpson
Ward  (Lead): The Foundation had originally set the
topic of this group as “Life As We Don’t Know It.” My
conception of that may be different from all of yours.
The reason this came up is that I had been thinking
about “life as we don’t know it,” which I defined as
non-DNA life, or DNA with a different chemistry or
different chirality or different language, or any aspect
of non-Earth life. I am in the midst of publishing a
book about this in which I propose a new way to classify life because the Tree of Life does not have any
room for artificial life, for the life that we are building
through artificial viruses, through any DNA that we
can now produce that doesn’t have the same language
or syntax that we have. I told Sesh that this book was
coming out, and that is why he put that as the topic
of this group.
So, my first duty as Chairman is to ask all of you:
Can we think of a more appropriate topic that we may
want to discuss? We could do that one, but it’s going
to be off in left field, I think, compared to our expertise and where we are all going in this conference.

Let’s stay with the title of your talk last
night [“Will We Leave Earth for Permanent Space
Colonies?”]
Chaisson:

Ward: I think that would be much more appropriate.
Appropriate questions, I think, are: Can we expect
human colonies outside the Earth? What are the
prospects for that? What are the dangers and what are
the problems?
Simpson: I am one of the people who, unfortunately
because of travel schedules, missed your talk last
night, so when I saw “Life As We Don’t Know It” as
the topic, the thought occurred to me: Should “life
as we don’t know it” apply to the way we think about
how humankind as a social species is transformed
by the colony experience? We recognize the extent
to which that transformation occurred in just 200 or
300 years of the European experience in North America or in Africa or in Asia, and the extent to which
similar experiences of that kind are on the historical
record of various parts of human history. The “life as
we don’t know it” could well be our cousins, 20 generations removed, having a new contact with us again
with all the changes and transformations that would
have occurred during that period of time. Meeting the
enemy and “they are us” is one of the issues that we
would really like to avoid, because the contact shock
– as opposed to culture shock – of what we would
be facing with people who started off from a common base, evolved socially differently, maybe evolved
physically differently, because they may have decided
they needed their own boost to their physical capabilities, then come back and we meet each other and
realize that we are of the same stock but not of the
same perspective or theme.
That, I think, in a thousand-year time frame, is a
very real possibility when you think, for example, that
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a thousand years ago the Swedes were the scourge of
Europe; one of the most powerful forces in central
Europe were the Lithuanians; the mound builders
were a significant, dominant culture in much of the
eastern part of the North America; the Aztec and the
Inca were in periods of great power. If we look at all the
transformation that thousand years has wrought, and
the culture shock that occurred – perhaps as people
meet each other again (if you believe the Heyerdahl
perspective) – that leads to life as we don’t know it.

… a practical issue I see to living
in space is the question of
micro- and milligravity.
Frisbee: I’m not sure that a thousand years is enough
time for genetic change unless we choose to do it, of
which we’re certainly capable. But certainly the cultural change and impacts are going to be phenomenal.
Look at the European experience in North, Central,
and South America, or Europeans encountering the
aboriginal people in Australia: tremendous differences in culture, in worldview, in religion, and yet all
of common stock.
Stepping back a millennium or so, a practical
issue I see to living in space is the question of microand milligravity. Is there any information that says
that 1/6th G is enough to live in and reproduce? For
example, is there any data from Apollo, either urine
or blood samples, that show that while the astronauts
were on the Moon the calcium loss reversed or slowed
down? That’s a fundamental, absolutely critical question, and all I have heard is that on the space station
they’re going to have a centrifuge and they’ll spin
them at different gravities and see what happens.

… we are going to have a whole lot of
genetic variations of the species that
will pervade the solar system, even
though they can all trace their origin
to mother Earth.
Kasturirangan: First, where do we stand in our
understanding of the origin of life itself? The transition from chemical to biological – several people have
simulated this transition, but it’s not very clear, because
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one of the important things we have to understand is
that to understand the life elsewhere, we should know
the life here. The question is: When is the reversal, the
one that triggers off the anatomy of a system? Do we
have archaeology of the reversal? And how well are
we in control regarding this?
Then, in all the data from planetology, and all, do
we get the ancient data that really showed the gradual
transition that finally resulted in the switchover from
the chemical to the biological? These are some questions that I think should be very central to the overall
life anywhere in the universe.
Second, there has been always this debate that it
is a carbon-based life that one should expect universally. There has also been the suggestion that one
could think of silicon – it is all a question of stability
of the molecule. So, how critical is it to have an understanding of this, in the context of the pervasive nature
of life all across?
Third, when you start exploring, and even go to the
different niches in the solar system – yesterday Peter
Ward said Titan, or you could even go to the Moon
– the environment needs to lead to genetic evolution
because of the fact that it has to adapt. So, ultimately
when you try to talk of a solar system dominance of
the human species, obviously they are going to be
much more diversified in a thousand years. Once we
move across the solar system, obviously we are going
to have a whole lot of genetic variations of the species
that will pervade the solar system, even though they
can all trace their origin to mother Earth.
In Tamilnadu, in South India, we have an aboriginal tribe whose genetic sequencing could be traced
down to the Australian-African migration. It’s a very
interesting thing, and this could happen at the planetary scale. But this is a very important thing, the
question of the diversification of the genetic material
as you explore and expand yourself into the different
niches, even within the solar system – I am not talking even outside the solar system.
Lastly, I would like to bring in this question of neurophysiology and whether genetic engineering may
move much faster in terms of our ability to understand. The neurophysiology, the coupling of mind and
consciousness, is going to take time. There are suggestions related to telepathy, which could be realistic.
If it is realistic, it would be a very big breakthrough.
The importance of telepathy in the context of what
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we are discussing is the coupling of brains between
the human beings – your thought process known to
me and my thought process known to you. And then
when you try to complete this, does it become a formidable force in terms of an ultimate quality of the
mind? Ultimately, can you extend it to other species,
too, to animal communication?
This part of it is how it’s going to evolve in the next
thousand years, because it can trigger off new ways of
thinking. So, all that we are today discussing would
be like a very raw level of thinking compared to the
type of thinking process that you may have, say, 500
years later, once you have this coupling of minds and
coupling of brains taking place, and also the communication with other species.
These are the kinds of things I see in the next thousand years that can bring in a definition for life and
intelligence much beyond what we conventionally see.

talking about the issue of eminent domain (first
come, first served) – in case you find resources there
in outer space and you find beings a little bit different
from us, are we going to go to war with them? Are
we going to try to overcome them and beat them into
pulps? Are we going into space to compete with other
life forms there? Are we going into space to operate as
friends and collaborators?
Let me go back to the UN system that is more or
less governing – sustainability or not, disaster management, communication through ITU [International
Telecommunications Union] – how is that going to
work in outer space? What are the rules that will govern the survival of our race? Or are we going to evolve
a new race in space that’s going to develop its own
rules of operation? Today, individual countries are
sending astronauts into space with very little concern
for ethical principles. What will be the ethical principles that will govern us when we get there?

Are we going into space to compete
with other life forms there? … What
will be the ethical principles that will
govern us when we get there?
Abiodun: What I would like to look at is: Can we
expect to have human colonies in outer space? We’ll
have to start by looking at the experiences of the astronauts who have been going there so far. What have we
learned from them? Do we know enough about their
experience and the difficulties they had, to appreciate
how that can be translated into a mass migration into
outer space?
One of the points you raised yesterday, Professor
Ward, is the issue of reproduction in space. What do
we know about the astronauts that have gone before
now and what has happened to their reproductive
qualities, in order to understand how this is going to
affect future generations in space – or whether the
generations we send into space will actually survive
after getting there?
Then there is the issue of the United Nations. The
reason why the UN Committee on Outer Space came
into being is because of the fear of colonization of
outer space by the superpowers. An ad hoc committee was established in 1958, and it became the main
committee in 1959.
Now, those who first go into space – now we are

… if we don’t send part of our species
outward to other localities … we may
be, in fact, committing a cardinal sin
of evolutionary thinking …
Chaisson: I want to say at the outset that I fully subscribe to the notion that we as a species will be or
ought to be, in a thousand years, out in space in some
way, and that this will be a natural, perhaps inevitable,
important, irrevocable part of the evolutionary process. And if we’re not out in space in a thousand years,
we may well be in deep trouble here on the Earth as a
species. That is the all-eggs-in-one-basket argument
that Bill [Calvin] may mention, and on which he and
I agree. I think it’s a very powerful argument. Now,
with so many global problems, each of which must be
solved for us to survive on the Earth, if we don’t send
part of our species outward to other localities, planets, moons, asteroids – not space colonies, as I’ll say
in a moment – then we may be, in fact, committing a
cardinal sin of evolutionary thinking in not dispersing our species to larger realms and larger niches.
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… I have a fundamental problem
concerning space colonies related to …
the social and cultural aspects of what
we’ll be doing to our species
as a society …

I’ve just knocked space colonies, thinking that moons
and planets and even the inside of asteroids might
be better, because I have a fundamental problem
concerning space colonies related to what Peter has
raised initially today regarding the social and cultural
aspects of what we’ll be doing to our species as a society should we build such space colonies. Aside from
the notion that it would be astronomically difficult to
build an O’Neill-type space colony, given the size and
scale, what you are trying to do with a space colony is
take an environment that’s breathable and warm, and
put it someplace where it naturally does not exist. As
opposed to a planet that has enough mass to contain
its own atmosphere, that has its own environment
that is warm, and on the outside of which we can live,
a space colony of the O’Neill type may be kilometers
long, made of silicon and glass and lots of radiation
shielding. You’re attempting to create a breathable,
warm environment and bottle it up for people to live
on the inside.
I think it was Adrian Berry who showed this
morning some wonderful artist’s sketches that O’Neill
had in his books of these great, big, long space colonies, spinning in space. To my mind, when I look
into the details of how fragile the device would be,
and how delicate it would be to remain bottled up in
such an environment, living on the inside, I begin to
wonder about the culture and society of the people
inside such a colony. I wonder if our freedom and
(to be a little Skinnerized) dignity would be lost living inside of a space colony, because the restrictions
and limitations on us will be so great that we would
begin to lose many of those cherished freedoms that
we’ve already gained on the Earth. We would be moving out into space and having to live, perforce, in a
more authoritarian society to be absolutely sure that
that bottled environment would remain safely bottled
– because if somebody unbottled it, you would have
a population explosion, literally, on your hands of the
first magnitude, and you would destroy the very culture and society.
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So, I have a fundamental issue. I’ve raised it with
my students in class over the years, and I cannot work
my way out of that dilemma. But, on the other hand, I
will say that I think planets, moons – maybe Titan, I’m
not sure. It’s pretty cold there; 94 Kelvin is pretty cold,
to me, for carbon-based life – or the inside of asteroids might be a reasonable place. But I do subscribe to
the notion that the dispersal of the species is good, so
we should think that through. I’m just not certain if
we want to build huge contraptions to put something
where there is now not naturally anything.
Calvin: Human evolution is a history of boom-andbust kinds of activity. Let’s say that you get a period
where the environment is better; there’s a lot of
expansion into new territory; then the environment
changes, and you get a lot of isolated subpopulations.
There’s a general downsizing but the environment
remains good enough in a few places. But in these
downsized places, there’s a lot of genetic change, just
by chance, because a lot of alleles of the genes are
simply lost. So, in these smaller groups there’s a lot of
restriction of genetic variety that tends to lock you in.
It takes a long time for mutations to come along and
make new alleles.
The “Mind’s Big Bang,” about 50,000 years ago, is
very instructive here. Homo sapiens has been around
for about 200,000 years now – that’s the age of the
oldest skull. We’ve had a good brain for all that time,
but the first 100,000 to 150,000 years passed without
us being any more creative. Creativity is what comes
in at about 50,000 years ago. Perhaps creativity was
around before, but it was not safe. It may have only
reached a stage where, in language, speaking sentences they had never spoken before became routine,
and therefore culture really picked up
Chaisson: Whereas creativity prior to that could have
been detrimental.

… each of the colonies will tend to
take different groups … So, there will
be a maintenance of diversity there
that may not exist back on Earth.
Calvin: Yes. There could be a threshold factor for this.
One of the things about this is that it really looks like
language itself may have been a cultural invention;
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the genetic changes tend to come along later. They
come along and tweak the system and make it better,
make language acquisition possible earlier in childhood, and things like this, without any fundamental
change in brain size. The people that didn’t have all
those tweaks could still learn the culture but it might
take them an extra year of school, for example. This is
the kind of change that we are mostly talking about.
Rather than the neurophysiologists figuring out
how to do a wired interface with the brain (I had a
lot of experience doing that; I don’t think it’s going
to take off anytime soon), I think educational change
in schools will outstrip that and will be available
widely, rather than to just a few. That is to say, I think
we will learn, from the interaction between developmental psychology and neuroscience and education,
how to train kids much better in childhood to do the
things that increase IQ. For example, the more known
concepts you can juggle at the same time, instead of
7 ± 2, you might go up to a dozen, with appropriate
training. Being able to make quality decisions quickly
and move on to the next part of the problem is the
other big part of IQ tests. There again, you can see the
opportunity for learning how to do that well.
One of the things about having humans in space
is that each of the colonies will tend to take different
groups. They will have their communication systems;
they’ll be able to profit from others’ experiences; but
you’ll get local ways of doing things that will all be
different. So, there will be a maintenance of diversity
there that may not exist back on Earth.
Another thing about space colonies is that while
you can envisage ways to get around the genetic bottlenecking by sending up frozen fertilized embryos
and implanting them, there is still a potential problem
there of local adaptations. Unlike domestic animals
where one copulation produces one birth, in humans
there’s a failure rate in the first six weeks of gestation. About one in four is the average of spontaneous
abortions, mostly before the woman even knows she’s
pregnant. In some groups, like heavy smokers, this
goes up to three out of four. Same thing for people who
drink certain water supplies in California – switch
them to bottled water and it’s an entirely different
story for spontaneous abortion. That’s exactly the sort
of thing that can happen in space colonies. What’s in
the genes is one thing, but what actually survives all
the interactions that the mother has with the environ-

ment and gets born is another. The loss could be very
selective for what’s in the environment. And while it
might seem to be something like water regulation or
some other hormonal thing, genes always have side
effects. They don’t do just one thing; they do multiple
things. And when you get interactions in development like this, while they may seem to be about water
conservation or something like that, they may show
up with a mental trait as one of the side effects.
… there’s a real possibility, even if we do all we can
to try to take Earth’s genetic variety and put it in
space colonies, that we will wind up with weird
local adaptations, which, of course, is …
what new species will come from.

So, there’s a real possibility, even if we do all we can to
try to take Earth’s genetic variety and put it in space
colonies, that we will wind up with weird local adaptations, which, of course, is, if we look at history, what
new species will come from. Most of these changes are
detrimental; most of these subpopulations die out. But
there is an occasional one that, for that environment,
does much better, and that leads to its expanding and
taking over the other niches.
Whether it is a colony on a planet
or an asteroid, you have a radiation
hazard … The Mars environment is
already semi-lethal to humans.
Ward: I think that we’ve underestimated, too, the radiation hazard in space. One of the dirty little secrets
of NASA is that when we send humans to Mars, we
had better send dads who don’t want more children
because the ambient radiation levels can possibly, in
a three- or four-month mission, lead to sterility. We
have totally underestimated that. We as a species
evolved under a 100-mile-thick atmosphere, and we
have a magnetic field surrounding that atmosphere
that protects us from a great deal of nasty radiation. A
space colony cannot do that unless, of course, you put
in enormous, heavy shielding, and getting that metal
into space costs money.
It’s the same problem: Whether it is a colony on
a planet or an asteroid, you have a radiation hazard.
Again, the Jupiter environment is going to be totally
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lethal to humans. The Mars environment is already
semi-lethal to humans. This is something that I think
has not been sufficiently looked at.
Well, let’s continue now. One of the things I am
interested in is: What has been the cost of the International Space Station? There’s a footprint in building
anything, and we see it as a cost in dollars spent. But
dollars spent on one thing are dollars not spent on
something else. It’s fairly narrow. The footprint of the
space station has been some $100 billion, when all is
said and done, but that’s just a tiny thing up there.
And once we start expanding the scope of a colony,
we start talking about an economic footprint that
affects Earth and its people and its species. To me, we
really should walk into this with a sense of the cost.
So, one avenue for this discussion might be the cost
of space colonies.
… part of the solution is eventually
evolving a person more resistant to
radiation than a person raised in
the protective envelope of a
100-mile-thick atmosphere.
Simpson: One issue that we need to keep in mind with
the cost of the space station is that it is extraordinarily
affected by the current technologies of space transportation. That is extraordinarily expensive, because
the Shuttle is expensive – for all sorts of historic reasons that are not tied to its current mission.
A major part of what we’ve already said today that
we need to keep in mind is that space transportation
is going to be a big issue in where we are a thousand
years from now, and there is absolutely no way around
that. But getting down the cost per kilo of material off
the Earth is going to be important. One way, of course,
to get down the cost per kilo of something important
off the Earth is to mine it from someplace other than
the Earth to begin with. But for the time being if we
want to know what the impact is of extended periods
in micro-gravity, of what extended periods in a higher
radiation environment might be, the space station is
providing data, so we do have data on that.
Interestingly, the ISU students this last year did a
fascinating team project on terraforming on Mars.
One of their big focuses was the problem of radiation
on Mars. And they came to an intriguing conclusion
that is certainly an option out there – whether it’s
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realizable or not is not yet clear – that you have to
approach the problem from both ends. You have to
approach the problem from dealing with shielding;
you also have to approach the problem with changing people. They began to look at some of what was
available in terms of implications of genetic surgery,
to actually create people who would be somewhat
more resistant to radiation. Their notion is that part
of the solution is eventually evolving a person more
resistant to radiation than a person raised in the protective envelope of a 100-mile-thick atmosphere. So,
their conclusion was that for a lot of problems we’re
dealing with, we’ve got to understand that they are
going to be solved from both sides.
The people we send away from the Earth and whom
we encounter a thousand years from now through
their descendants are going to be different. They’re
going to be different for some of the genetic reasons
Bill mentioned; they’re going to be different because
there are still pieces of evolution we don’t understand
in terms of apparent, more sudden periods of change
in history and then long periods of randomness and
then sudden periods of change. I suspect that some of
that suddenness is extreme environment confrontations, such as ice ages and the like. There is going to
be a lot of extreme environment confrontation during
a period of space flight. I think that’s part of the cost.

Other life is not necessarily a threat, a challenge,
or even an ethical problem.
It’s a chance to see another model.

Reacting to a comment that Dr. Kasturirangan made
that I found intriguing: If we start to encounter some
kind of life somewhere, even very simple life, but
certainly life that is more complex, we start to see
interesting implications of cost because we begin to
learn from other models and then we might be able to
find ways to duplicate that. Other life is not necessarily a threat, a challenge, or even an ethical problem.
It’s a chance to see another model. We’ve never done
it. If we found a silicon-based life system, it would be
the joy of a certain number of science fiction authors
for years and years.
One element to keep in mind is that it’s a radical
economic effect, because an awful lot of waste material
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on Earth, stuff that we consider barely worth lying on
in the Sun, is composed of silicon and could suddenly
be extraordinarily valuable to someone else, just as
the carbon that they might find utterly useless in their
environment would be extraordinarily valuable to us.
So, that affects cost on the grounds of changing the
whole value equation. Within a thousand years – and
I think we’re having trouble getting out of a decade or
a hundred-year perspective – within a thousand years
the value equation gets well beyond John Maynard
Keynes’ “very long run,” because in the very long run
we are all dead, but our descendants aren’t.
Frisbee: A couple of reality checks on cost. The cost
of the Apollo program was something on the order of
$30 to $40 billion. There is about a 10-to-1 inflation
factor between now and 1960s dollars, so that’s $300
to $400 billion. One Apollo launch, just to launch the
mission, was about $0.5 billion dollars, so that would
be $5 billion per mission in today’s dollars. That’s
about the budget for the Shuttle. And that’s why the
current plans are, if we return to the Moon around
2020-ish, we’ll do only one mission a year because
that’s all the NASA budget will afford. So, it’s going to
be hard coming up with the money.

This country has come up with that kind of
money just to fight a war in Iraq that wasn’t planned.
Calvin:

Simpson: It’s a priorities issue. Not to mention that
the technology that we used to get to the Moon
with Apollo was an intentionally rapidly developed
technology, not the most economically effective technology, but one that was the best we could deliver in
the time frame. So, there is the possibility, with some
serious economic thinking, of reducing the cost per
mission in real dollars.

Living in a space colony would
probably not be too different from
living in, say, Washington, DC … You
essentially never see the outdoors …

Fair enough. Another point is that when you
talk about living in space and unusual environments,
don’t forget that most of us live in cities, and that is a
totally, absolutely artificial environment. Most of the
life span of Homo sapiens has been hunter-gatherer.
Frisbee:

It’s only recently that we’ve been farming, and, even
more recently than that, we’ve been living in cities.
Living in a space colony would probably not be too
different from living in, say, Washington, DC. You
go from your apartment to the subway; you take the
subway to your office; you go up the elevator to your
office. You essentially never see the outdoors, especially in wintertime.
Chaisson: But my point in criticizing them earlier was
that on the Earth your environment is naturally held
in place by the mass of the object we live on, called the
Earth. Therefore the environment that we are enjoying here in this room is not bottled in the same way; it
would have to be artificially bottled inside a space station. And if anybody unbottled it, everybody’s dead.
You’re philosophically doing something different by
creating a warm and breathable environment and
putting it and its people inside of an enclosed bottle.
Simpson: It sounds like a submarine for six months.
And interestingly, we have a 250-person experiment
in submarines that have been running underwater in
completely that kind of environment, admittedly a
more authoritarian environment.
Chaisson:

Right.

Simpson: But less authoritarian than a surface ship. It
would be interesting to look at that.
Chaisson: In fact, their motto is that they’re not there
to practice democracy, just to protect it.
Simpson: But it’s interesting that the society in a submarine is more complex than the society in a surface
ship. Part of that is you evolve something that goes
beyond just authoritarian.
Chaisson: You didn’t hear Peter’s comments last night
on Biosphere 2, and the failure of Biosphere 2. We had
merely eight human beings for two years, and it was
really quite a definitive failure. But it works with the
submarines because of authoritarianism.
Ward: Yes, the captain has a pistol and he can at any
time walk you into a cabin and shoot you.
Simpson: But the crew has access to missiles as well
and they don’t shoot the captain.

In naval history, it has happened; there have
been mutinies.
Ward:
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… we are all photosynthesis
chauvinists … yet we’re now beginning
to realize that chemosynthesis is a far
more prevalent, more dominant source
of life energy on this planet …
Frisbee: One last item: For better or worse, we are
all photosynthesis chauvinists. All of us sitting here
are ultimately dependent on photosynthesis for our
energy livelihood, if you will, our biological life. And
yet we’re now beginning to realize that chemosynthesis
is a far more prevalent, more dominant source of life
energy on this planet, to the point where I’ve heard it
said that chemosynthetic bacteria probably outweigh
all us photosynthetic guys.
So, what are the moral and maybe commercial
implications? Maybe we need something like Star
Trek’s prime directive for nonintelligent life. Do we
have the right, if we find something on the Moon or
Mars or Europa, to exploit them, to maybe destroy
them in our mining and processing? Our past history
has not been good in that respect.
Kasturirangan: When it comes to the cost, it depends

– the main thing is the type of transportation system
that we’re going to have. There are many options of the
transportation system we have debated. If you want to
draw a parallel with aircraft development, the modern aircraft is the result of hundreds of thousands of
air tests. The robustness of the overall system evolved.
You have reliability; there is cost-effectiveness; there
is a turnaround time – all of those as a concept of a
transportation system have been established.
Ward: If we take out the two World Wars, what would
the development of aircraft have been?

… the cost is always related to the
quantum of services you provide …
if we want to increase the level of
transportation of people to space, you
need also habitats there.

That’s a good question. The point I
want to mention is that the evolution of a transportation system for an operational status, in terms of
reliability and cost-effectiveness, is ultimately critical
for space access too. It cannot be different. And today
Kasturirangan:
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if you look at the cost-effectiveness of the transportation system, I think we are quite far from realizing an
operational capability, cost effectively, so that is one
gap that needs to be addressed in the coming years.
There are several ideas and concepts that have been
thrown out, such as hypersonic flights. But the fact
remains that there are people who say that there is no
reason for the cost of a space transportation system to
be different when you have to go just 100 kilometers
up, compared to a 1,000-kilometer or 5,000-kilometer flight between, say, London and Tokyo. Physically
there’s no reason why it should be different. Obviously,
one has to find the strategy by which this difference
doesn’t exist in the transportation system.
The second point is that it so happens that the
cost is always related to the quantum of services you
provide. Essentially, if we want to increase the level
of transportation of people to space, you need also
habitats there. You can’t transport a large number of
people without having a habitat there, so you need
to have a prerequirement of creating habitats so that
you can have an increased level of transportation and
bring in the cost-effectiveness to the transportation.
So, how are you going to create those habitats so
that you can create a cost-effective transportationsystem frequency? This question is, again, related to
the habitat strategy. How are you going to create the
habitat? How much can you create? How quickly can
you create it? These are questions of the time frames
in which one can ultimately realize a space habitat and
a cost-effective transportation to the space habitat. It
could be the Moon; it could be some other objects.
These are interrelated and one has to address this
question and look at it, depending on the investments
one could make and also the time frame. So, habitat
questions need to be addressed but through a realization of an optimization strategy.
Abiodun: As you have been talking, a number of
questions have come through my mind. One of them
relates to the question about whether we would be in
space without the First or Second World War. I would
say that most of what we have done to date is based on
what I call politically driven technologies.
Ward:

ICBMs.
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… let us assume that all this is feasible
… who is going to go? How do you
decide the selection process?
Abiodun: Right. I want you to look at that. If where
we are today has been based on politically driven
technologies, although we have the goal or the ambition to leave our planet Earth and go into space, what
would be the driver to get us there? That is my first
question.
Then, talking about cost: In South Africa there is
a gentleman who was the first person to go on space
tourism. Before that, you had the astronauts who are
paid for by their governments. The third generation
will be the super rich.
Let us even forget the cost of transportation and
the cost of maintenance; let us assume that all this is
feasible. So, if now we have built this hotel in space and
people can now go, who is going to go? How do you
decide the selection process? If we look at it as military
strategists would: “Okay, we are now surrounded and
we have to escape.” But we’re escaping to where? And
how do we get there? Will only one person survive,
or all of you survive? If 20 percent of you are going
to migrate, supposedly to a higher plateau, what does
that do to the morale of the people left behind?

… if we ever were to make
physical contact with intelligent
extraterrestrials … it’s not
inconceivable that they could
“come and eat us” …
Chaisson: There are all sorts of comments that I could
make, so I’ll just choose one, recognizing that maybe
we can touch more on the cost issue later.
The issue I would like to filibuster about for a minute or two is the issue that Michael raised concerning
the possibility of alien life forms, silicon-based life
presumably, or even more complex, intelligent life
forms that might have an impact. I would like to argue,
by contrast, that these would probably have either an
irrelevant impact or a dangerous impact on us.
First, a silicon-based life: Silicon on the surface
of the Earth is 135 times more abundant than car-

bon. So, it’s interesting right away that silicon-based
life did not emerge on the Earth, or if it did, maybe
it was overwhelmed by carbon – but why? It turns
out that silicon-silicon bonds are much less strong
than carbon-carbon bonds, and especially weaker
in the presence of water. Furthermore, there’s a long
laundry list of arguments that a carbon-based, chauvinistic biochemist could use against silicon-based
life, the foremost of which is that as we carbon-based
life forms respire, we take in carbohydrates and we
breathe out CO2, which is a gas. A silicon-based life
form, mixing silicon with oxygen, would be emitting
SiO2, which is quartz. You would have to imagine an
organism respiring quartz bricks on a regular basis.
The counter argument in your favor is that silicon,
in terms of silicones, are used as lubricants in our
machines that run at high temperatures so that silicon-oxygen bonds, in particular silicon-aluminum
bonds – if you can imagine life forms based on really
odd biochemistries – could survive at higher temperature in alien environments where the temperature
might be higher.
But on the bigger issue of intelligent life forms, I’ve
sat for 11 years on the NASA Science Working Group
for Extraterrestrial Intelligence, a subject for which
there is zero data, yet we met quarterly for 11 years.
My argument there – and they didn’t necessarily like
it in the SETI community, and still don’t, so I’m with
you there – is that if any contact is made by us with
intelligent life forms, but only of a radio (that is, electromagnetic) nature where they remain physically out
there some distance and we remain here and we never
meet them, I think the implications would be perhaps
largely irrelevant, other than to say that there will be
whole new departments created within universities
to study the signal and to unravel the culture. But in
terms of the day-to-day impact on John Smith on the
street, I think it would be relatively irrelevant.
By contrast, if we ever were to make physical contact with intelligent extraterrestrials, the assumption
being that since we are the dumbest intelligent civilization in the galaxy now, just having achieved the
50,000-year bloom, it’s not inconceivable that if the
laws of anthropology are as universal as the laws of
physics and the laws of chemistry and maybe the laws
of biology, then it’s not inconceivable that they could
“come and eat us,” namely, take our resources, even
take us in some way, and make our contact physically
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with them more detrimental.
That’s why Phil Morrison, who just passed away,
at MIT used to say, in terms of searching for extraterrestrials, if you’re stuck in the woods, you don’t want
to go yelling and screaming. You want to listen to the
drums for a while, maybe listen to the drums for a
thousand years, and then determine what their intentions are and make contact. But it’s not inconceivable
that an intelligent civilization that wants to enhance
its survival should be relatively quiet, as quiet as possible, for a long period of time.
Simpson: Two things. One, when I talk about “more
complex life contact,” I’m not necessarily concerned
whether it’s intelligent or not. Because the way in
which that life is organized could say something to
us, could provide us with clues about ways in which
we might drive our future evolution or genetic development, simply because it may give us a clue about
how to be more resistant to radiation, more resistant
to lower pressure, more adaptable to lower gravity.
There are clues there. And since we have only one
model, and since human beings seem to be extraordinarily good at looking at another model and imitating
and emulating, I think that’s part of the issue.
I agree with you that there’s risk in extraterrestrial
life, especially in what I call the “science fiction perspective” that it is inevitably more intelligent than we
are. There is sort of a horrifying alternative prospect
– that we’re it.
Chaisson:

Oh, yes, I agree.

Simpson: It could be a horrifying prospect that we are
the most intelligent life out there.

All the more reason we have an ethical
responsibility not to mess up.
Chaisson:

… what happens if we really do find
out that the most intelligent life we
have discovered, a thousand years
from now … is someplace between an
ape and a Neanderthal?

Right. But also, the horrifying idea that
although some of us, deep down, think, Oh, my goodness, there’s a better model out there, and somehow,
we’ll not get eaten by it but we’ll get better with it, what
happens if we really do find out that the most intelSimpson:
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ligent life we have discovered, a thousand years from
now in a world where we discover any, is someplace
between an ape and a Neanderthal?
Chaisson:

Or that we’re physically alone.

Simpson: Physically alone could be a crushing blow
for humankind. Is it morally capable of doing that?
On the other hand, the real ethical problem, given
the way human beings have behaved both in their
“primitive state” and in our modern state of encountering something that’s almost human, is a challenge
that ethicists need to be working on right now and
really beating some people up about – it really is a
challenge.
When the students dealt with this terraforming
project, they included what they considered a showstopper, and a show-stopper for terraforming Mars
was the discovery of life at any level, any form of life.
Interestingly, what they debated hard was whether
it was morally inadmissible to terraform in general,
because maybe, in the future, a different form of life
might have evolved. What they settled on was that if
any form of life were discovered, then terraforming
Mars was ethically….
Chaisson:

cally.

Something now living, not archaeologi-

Simpson: Not archaeologically; something alive would
be a show-stopper.
Ward: There’s life on Mars right now. There’s life on
the rovers; there are all kind of microbes that we’ve
sent.
Simpson:

life.

They dealt with the issue of it being local

… problems of reproduction in space
can be handled by taking fertilized
ovum, frozen, with you, and keeping it
well shielded, and then implanting it
in a uterus.
Calvin: One of the problems with space colonies is
that they are probably like some of the colonies on
Earth that Jared Diamond covers in his most recent
book, Collapse [subtitle: How Societies Choose to Fail
or Succeed, Viking, 2004]. The examples of Easter
Island, the examples of the Vikings in Greenland (a
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literate society), and so on, are all ones of people getting in over their heads and becoming more and more
conservative, sticking to ways of making a living that
are increasingly impossible. One of these outposts
realized, for example, that the pigs were ruining the
island by digging up the roots of too many trees, so
they killed all the pigs. But by and large, this is a record
that substantial societies can collapse easily. I’m sure
that in colonies in space we’ll see quite a lot of that.
Some of the problems of reproduction in space can
be handled by taking fertilized ovum, frozen, with
you, and keeping it well shielded, and then implanting
it in a uterus. The somatic mutations that you get in
space that will change your rate of aging, and so forth,
will still be a substantial problem. But the reproduction part of it, if you can persuade people not to have
an extra child on Earth but to send one up to space
in this fashion, you might, in fact, solve some of the
genetic variety problems at the same time.
We also have to talk a bit about the irrational things
that happen. The suicide bombers of the present day
are a good example, but all throughout history there
have been examples of this. It’s just that now technology makes it possible to do it in larger and larger
groups, and no amount of prescreening of people
going into space is going to solve this problem. You
might have people that have a stroke, or whatever,
and go a little crazy even though they weren’t crazy
before. Particularly in the isolation of space, people
get some rather fixed ideas.
In human evolution we had the development of
cooperation, a substantial amount of sharing – that is
one of the big things that separate us from the great
apes. But accompanying it was that in order to avoid
the freeloader problem, you have to have some sort of
control. What seems to have evolved in humans is a
very distinct tendency to pay back cheaters in a fairly
general way. It’s a very strong human instinct. It can
be suppressed to a large degree, but there are still a lot
of people who will feel that someone else is a violator
and has to be punished. I think that is, perhaps, one of
the major motivations for a lot of the suicide bombers.
The evolutionary lesson is that even at a great cost to
themselves, people will engage in these punishment
activities. And if we put people up in the high ground
of space, with even just the ability to control an orbit,
we’re setting ourselves up for substantial risk.

The fundamental argument,
it seems to me, for moving out away
from the Earth with some members
of our species is based on
probability theory …
Chaisson: So, what do you do? Do you ban bombs in
a colony? Do you ban guns? You can’t afford anybody
shooting a bullet at your big window. You cannot
afford a puncture inside a space colony. And if you’re
going to ban bombs and you’re going to ban guns, do
you then end up banning books, because you have to
ban the knowledge of how, chemically, to build a bullet? What are you doing to society? That’s the notion
– appealing to B.F. Skinner – that we’re losing our
freedom and our dignity, and we’re becoming more
and more mentally and physically stagnated if we live
for generations upon generations inside of a space
colony. But in order to survive, we must be willing to
take on more restrictions.
The fundamental argument, it seems to me, for
moving out away from the Earth with some members of our species is based on probability theory,
and probability theory alone. Once you are confined
to the Earth, with all eggs in a single basket, probability theory will always work against you. But once
you begin to disperse your species to other localities
– maybe they are space colonies; maybe you will build
them and survive – but once you begin to disperse
your species to many localities beyond the single basket, then probability theory turns around and works
in your favor. I don’t see how anybody can challenge
that philosophical notion that it would be a good
thing, if we could figure out how to do it, to move
beyond the Earth.

… you put up a million frozen eggs
with several watchpeople who just
keep watch on them …
you do one in space and one on Mars.

Here’s a way to respond to that. Let me make a
proposition – again, this is mine and Don Brownlee’s.
Our proposition is that we’ll never send significant
numbers of humans to another star system. That
leaves us enclosed in this planetary system. Now,
Ward:
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that’s one set of rules. Who knows what physics will
come up with? We may have warp drives next week,
but we may not, and if we don’t, then we’re stuck.
I agree with you about this eggs business, but here’s
a way to get around that. What if we find that the cost
of building a space colony is so huge, societally, that
it is not in our species’ better interest to do that? Then
what you do is, you don’t build a space colony but you
put up a million frozen eggs with several watchpeople
who just keep watch on them, with a spaceship there.
Then if the whole world gets blown out of existence,
you repopulate it from a seed bank. And you do one
in space and one on Mars.
Simpson:

… which works until the Sun goes out.

Ward: That’s 7 billion years from now. We have 7
billion years. CO2 goes to unplantlife levels at 500 million, so that’s really where we have to worry about.

… we’re confined to the solar system
for the far, far foreseeable future –
if not, frankly, forever – if the speed
of light is the ultimate driver.
Chaisson: I don’t think we’re talking more than a billion on the Earth, because of the rate at which the
luminosity of the Sun is naturally increasing through
stellar evolution. It’s 1 percent per 100 million years,
so 10 percent per billion years … you work backwards, and that creates a fundamental problem called
the “faint young Sun paradox”: How did the water on
the Earth remain in liquid form early on before the
origins of life – chemical evolution – was presumed
to have occurred? But that’s another issue. Methane,
methane, methane; more greenhouse gas.
I agree with you, Peter, that we’re not talking about
other star systems. Even if you take Alpha Centauri,
at the rate at which the Pioneer craft moves now, 50
kilometers per second, that’s less than .01 percent of
the speed of light. It’s going to take us, by my calculation, about 250 centuries to get to Alpha Centauri, the
nearest star system. Compare that with the 15 centuries since the fall of Rome or the 50 centuries since
the pyramids: 250 centuries is a significant chunk of
time. So, we’re confined to the solar system for the far,
far foreseeable future – if not, frankly, forever – if the
speed of light is the ultimate driver.
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But who says it has to cost so much? Everybody
keeps coming around to cost. I think it’s going to cost
so much if it is a government-sponsored program.
If we can get around the notion, even by looking to
the past, that many of the pioneering settlements
and explorations that have been successful – I always
appeal to Jamestown or to Plymouth and other private,
entrepreneurial ventures, where the cost per capita of
individuals who set out in Mayflower ships or whatever, went independent of the government, either out
of private entrepreneurship or even in the case of the
pilgrims, missionary zeal. What’s wrong with missionary zeal? It’s a low-cost operation to move out in
large numbers of small vessels, independent of the
government. If we can get around to the notion that
it’s possible – but it might not be possible, but if it were
possible – to do this kind of movement away from
the Earth independent of governments, independent
of national space agencies, with all due respect, then
private ventureship, private entrepreneurship, private Bill Gates-type people will lead the way in small
numbers per group, but many such groups. And the
cost per capita, I think, will come down by orders of
magnitude.
… since we’re not getting out of the
influence of our Sun … we wait for the
possibility that physics has enough
surprises left to give us a
new transportation system.

The historical reality-check on that, though,
is that although a great deal of the exploration and colonization of, say, the 17th century followed that kind
of pattern, because it was funded by private money
– people wanting a private return – they all had a lifesupport system they didn’t have to pay for when they got
to the other side. And although it was extraordinarily
harsh, as we’ve seen from the death rate, for example,
of the Mayflower colony, which was 50 percent in the
first winter, nonetheless, 50 percent survived. And
they were able to survive without having to bottle their
atmosphere, without having to worry about radiation
shielding, and without having to burrow several scores
of meters into the Earth to do it.
Part of the problem of this next endeavor is that it
almost inevitably is simultaneously private and social,
because infrastructure is going to have to come from
Simpson:
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something other than the entrepreneur. That becomes
an interesting challenge, and that’s why I go back to
thinking that there will be some of these asteroid-type
colonies. But they’re way stations. I don’t see this as the
ultimate goal, but it’s certainly dealing with this issue
that for the foreseeable future we don’t get beyond
the helio pause. And since we’re not getting out of the
influence of our Sun, we’re looking for places where
we can begin to deal with the next phase of learning
about what’s possible while we wait for the possibility
that physics has enough surprises left to give us a new
transportation system.
Frisbee: Maybe the transcontinental railroad is a
model. You had private businesses raising capital,
based on the fact that the government gave them lots
and lots of land on either side of the tracks, that they
then sold to settlers, who also paid for the railroad to
move them and all their goods and services and products. So, maybe the United Nations or some entity
says: “Okay, we’re going to divvy up the Moon into
plots of land….”

[Disagreement from other participants]
Frisbee:

Okay. Or maybe the asteroids.

Kasturirangan: You cannot have a concept of a com-

mon heritage.

Frisbee: No. Every country gets a slice of the lunar
pie, and then it’s up to each country to decide what
to do with it.
Ward: Didn’t we have a war over the Falkland
Islands?
Frisbee: I didn’t say that it was a perfect system, but there

may be alternatives. It may be that governments pay for
infrastructure, like the interstate highway system.

Chaisson: There is an incentive and motivation for
private entrepreneurship.
Ward: Did we come to any conclusions in this discus-

sion?

Frisbee: Don’t say that we can’t go to the stars. It’s a
question of scale and size.

In an exploration of this magnitude
into the solar system, we will be
dealing with different timescales
… related to science discoveries …
technological applications …
Kasturirangan: In an exploration of this magnitude
into the solar system, we will be dealing with different timescales, timescales that are related to science
discoveries, timescales that are related to the technological applications, timescales that are related to
human longevity. And, finally, timescales related to
the scales of exploration itself. And these are highly
different.
When you come to have planning of a human
expansion that takes hundreds of years or thousands
of years, one of the key questions that we have to
address is: How do you reconcile these different timescales and ensure that at any point in time we are not
too much away from the optimality of an approach to
doing things?
Chaisson: My concern about moving to the stars is
that we are trying to focus within a thousand years. I
just don’t see any way possible.
Ward: With that, we are out of time. Thank you for
this discussion.
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Participants:

Berry (Lead):

Yes, for the time being.

Adrian Berry (Lead)
Yolanda Berenguer

… probably exploration and
exploitation of these asteroids will
happen … through robotic means as
opposed to human endeavors.

Jean-Jacques Favier
Virendra Jha
Christian Sallaberger
Pierre-Alain Schieb

… mining in space … will be driven
less by the entrepreneurs or the
venture capitalists, and perhaps more
by the mining industry.
Sallaberger: Mr. Berry, I very much liked your presentation and the vision it projected. You presented
what seemed to be the entrepreneurial approach to
what is going to drive this mining in space. I would
like to suggest that perhaps it will be driven less by the
entrepreneurs or the venture capitalists, and perhaps
more by the mining industry. I think it’s the natural
industry that will drive a lot of that deep space exploration, for two reasons. One is that they have a lot of
wealth; they have very deep pockets and are looking
for way to invest those gains from their past mining
operations. But also they’re accustomed to high-risk
ventures and long time-horizon ventures, where it
can take a decade or more to put a mine into operation. So, I think that’s a more natural industrial sector
that will drive this deep space mining.
In fact, I think we’re already seeing some interest
in the mining community in extraterrestrial mining.
The company I work for is a world leader in space
robotic systems, and we’ve been approached by a
number of terrestrial mining companies for collaborative efforts, looking at demonstration missions for
asteroid mining. And I could add, the interest seems
more to be in Earth-crossing asteroids than the asteroid belt. Despite your political ethic constraint, they
are, technically speaking, easier to get to.

Jha: My feeling is somewhat similar in some fashion to what Chris said. I don’t think human beings
will go and colonize asteroids. I think it’s likely that
robotics technologies will evolve to the point that
robots will have almost the same level of intelligence
as human beings. And because the risk and the cost
of sending machines versus human beings are significantly lower, probably exploration and exploitation
of these asteroids will happen, but my opinion is that
it will happen through robotic means as opposed to
human endeavors. I think the success of robotics is
demonstrated beyond doubt, then maybe the human
possibility will emerge, but I don’t think it will happen
first with humans.

What captured my attention most is …
that the asteroids are rich in iron and
other precious metals, and … could be
used to restock the Earth.
Berenguer: You had a very interesting presentation.
What captured my attention most is when you mentioned that the asteroids are rich in iron and other
precious metals, and you said that asteroids could be
used to restock the Earth. I look at this in the context
of health, for health purposes. I think that this would
really be something that could help in innovations,
techniques, and in helping health implementation
plans in the future. Platinum, you said, would be
something that would help in fighting against car
gases, so I think that there is a lot of potential in using
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different types of metals, not only in environmental
monitoring but also for health purposes. From this
point of view, the emphasis is not from Earth to space,
but from space to Earth at the moment.

… one of the best tools invented
was insurance and quality/safety
assessment methodologies.
Schieb: I would react down to Earth as a colonist, as
someone with a background in business administration. Regarding colonization, I would think that,
considering the reaction of human beings in history,
one of the best tools invented was insurance and
quality/safety assessment methodologies. So, I would
think that colonization by human beings would be
also driven, because it was one of the underlying
assumptions, by the insurance prospective – meaning
that if at one point on the Earth you have the feeling
that you are in danger, you could invest some part of
your resources in saying: “I need one place to escape,”
and you would be able to allocate some resources to
keep the door open. And we could discuss about the
economics and the rationale behind such an investment in keeping that option open for human beings.
Favier: I was very interested by your talk. I have, however, a few comments to make. First, if we consider
exploitation of the asteroids, and if the goal is to build
a business case for use on Earth, I think that we have
to consider the energy balance for such an endeavor
and the technology that we have and that we can
expect to have for decades to come. I don’t know what
could happen later on, but I don’t think we can build
up a realistic business case.
However, it could be interesting to try to exploit the
asteroids, especially in the frame of human colonization, if it is a step on the way to another destination.
Berry:
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Like a star, you mean?

… we have to keep in mind that
extraction means delta-v. Therefore
it means a deviation of the orbits
of the asteroids.
Favier: A star or Mars or other planets. But I don’t
think that just trying to exploit the asteroids to bring
back material from the asteroids will be a real business case.
The other remark I had is that when we will start
exploitation and extraction of materials from the
asteroids, we have to keep in mind that extraction
means delta-v. Therefore it means a deviation of the
orbits of the asteroids. It could be very dangerous to
disturb the orbital mechanics of the asteroids.
Berry: The near-Earth orbit asteroids. Yes, it’s the
outer ones that you can play with much more safely.
Sallaberger:

Safely, but expensively.
… it might be possible to do some
wonderful chemical experiments …
simply because there are so many
possible compounds of carbon …

Berry: Something I didn’t say but that occurred to
me during the night: If you have carbonatious asteroids – asteroids with compounds of carbon – it seems
that the amount of possible compounds of carbon is
infinite. And out there in micro-gravity, it might be
possible to do some wonderful chemical experiments
producing substances of which we have no idea at
all, simply because there are so many possible compounds of carbon, including unknown ones.
Jha: Why would you say that it’s zero gravity? If it’s an
asteroid, if it has mass, it probably will have its own
gravity.
Berry: Well, it has micro-gravity. If you have really
zero gravity, I think you have to go out somewhere
where there is no mass near you at all.
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The whole of space becomes open and
available … if going into space and
coming down from space becomes
a cheap affair.
Jha: Another point: One theme that is going to come
out repeatedly, I’m sure, is the cost of the launch. The
whole of space becomes open and available and many
things can be done if going into space and coming
down from space becomes a cheap affair. That seems
to be the single most important driver that is stopping
full exploitation of space. Now being talked about are
continuously accelerating propulsion systems and
near velocity of light kinds of possibilities. I think that
if those things happen at a reasonable cost, then all
the vision of space is going to come.
Berry:
Jha:

But will we get space elevators?

Space elevators, yes, or things of that nature.

Berry: Peter Ward seemed to feel that the asteroids
beyond Mars, for some reason, contain much less
metal than the inner asteroids, the near-Earth ones.
I don’t see why that should be true. Both have lots of
asteroids; they’re all fairly near the Sun. Does anybody have any views about that?

The more serious concern investors
have seems to be driven by legal
ownership. Will they be assured that
they own what they bring back…?

I want to touch on a previous point
about the issue of launch cost. I think this is one of the
advantages of asteroid mining or, let’s say in general,
use of resources. Extraterrestrial resources could also
be from the Moon or other locations, and it has to do
with the gravity well we have on the Earth. Even if
you were building up cislunar infrastructure – space
stations, things at the Lagrangian points – the energy
cost to get there from the surface of the Moon is a
small fraction of what it is from the surface of the
Earth. So, you have that that comes into play as well.
The launch cost is an issue to close the business
case. We have worked on a number of extraterrestrial
mining business cases, and it is an issue. In the near
Sallaberger:

term, you have some way to play with very inexpensive
Russian launch vehicles that I think are currently artificially lower than they should be, for historic reasons.
But in the mid- to long-term, I think that any kind
of dreams we have of humanity’s expansion into space
will be enabled only by a lowering of the launch cost.
It’s almost a premise on which we have to base everything.
For closing of the business case, there are, in our
experience, two things that potentially hold back the
investors. The first is the issue: If you want to bring
back extraterrestrial resources, you might be flooding the market with that very rare material. So, if you
build your business case at a certain price point and
then you bring back an order of magnitude more
material than exists on the Earth, how does that
distort the market? And investors, especially in the
mining community, seem to be not uncomfortable
with that, because they’ve done it with diamonds and
other things that keep the value up even though they
were common.
The more serious concern investors have seems
to be driven by legal ownership. Will they be assured
that they own what they bring back, or will their lawyers tell them that they will be guaranteed to own
whatever is brought back? That is an open issue still:
Do you contravene the international treaties?
Berry: Who is it who has already claimed an asteroid
for his company? The chairman of one of the space
companies has done this.
Sallaberger: Jim Benson, maybe [founder, Chairman, and CEO of SpaceDev]?
Berry:

It may be, yes.

Sallaberger: Generally, you need to go there to demonstrate ownership. I think that’s a minimum agreed
legal principle.
Berry: I thought it was only the Moon that was protected from claiming the whole of it.
Sallaberger: And there’s a distinction between what
you own in space and then after you’ve brought it
back.
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… you need the same technologies to
live in inhospitable environments on
asteroids as on Earth … hence it may
not be necessary to leave.
Jha: One of the arguments that you did not make,
and perhaps it’s also a relevant argument for leaving Earth and going to asteroids is: If the conditions
become inhospitable on Earth … you need the same
technologies to live in inhospitable environments
on asteroids as on Earth. So, the fact that you need
those technologies to live somewhere else would also
allow you to live back on Earth in bad conditions and
hence it may not be necessary to leave. So, the argument is that one allows you to leave, but at the same
time those technologies will allow you to stay back on
Earth, and hence a justification for going and developing those technologies.
Sallaberger: I guess the answer is – I think Adrian
brought it up – this idea that you have a fault-tolerant system, perhaps; you have a second home in case
something bad happens on the Earth. So, even if
those technologies allow you to live in the Antarctic
or underwater or whatever on the Earth, if the Earth
gets hit by an asteroid, at least you have a second
home for humanity.
Berry: But also, if you have lived up on the asteroids
for a certain amount of time, you won’t want to come
back because the gravity will be so strong.
Sallaberger: It depends on how fast you’re spinning
them, doesn’t it?

Well, if you’ve lived any kind of normal life on
or in an asteroid, it’s going to be much weaker gravity than here – if you spin them a lot. But will people
want that? I don’t know. What kind of gravity would
you like to live on if you had the choice?
Berry:

Sallaberger:
Berry:

I like 1-G.

Would everybody else like 1?

Favier: No, I think that if you could survive in lower
gravity, it probably would be better for your body.
Berry:

Exactly.

Favier:

There would be no joint pain, no bad knees.
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Berry: The Moon astronauts said that they had never
felt better than when they were on the Moon, and
that was 1/6th of Earth gravity. Of course, I should
have said in my lecture that you can make the gravity
anything you want up there, but I just had a prejudice
that people would choose something less than 1.
Sallaberger: There are long-term negative effects of
zero gravity or low gravity, which have been demonstrated in the human space flights – not just loss of
muscle mass, but in loss of blood volume, and also the
longer-term decalcification of bones.
Berry:

gravity.

But that’s micro-gravity. I’m talking about .5

I was surprised myself the way the
human body can adapt to a new
environment like a micro-gravity
environment.
Favier: I spent only three weeks in space, but I have
some experience. We did a lot of experiments on
human physiology during our flight. Actually, I was
surprised myself the way the human body can adapt
to a new environment like a micro-gravity environment. I lived 45 years on the 1-G before going into
space, and in a few hours I felt very comfortable in
space. The studies show that the main physiological
functions adapt very well to the new environment.
For the cardiovascular system, for instance, it is just
a matter of 48 hours. For the muscular system, it is
more like one week, but after that you get a steady
state. And it takes you the same time to come back to
the initial conditions after you fly.
So, I believe that the human body could adapt to
the new conditions without big problems. Decalcification is the one that is not completely understood.
It seems to be linear with time. But with the countermeasures that we apply now, we can expect some kind
of steady-state configuration.
The only problem I see is the exposure to radiations. Unless you build up very big shields, you will be
exposed to radiations, and the impact and the effect of
these radiations are unknown. If we extrapolate what
we know from the exposure to radiations on Earth, it
will be catastrophic. So, I see only a problem with the
radiation exposure. The other physiology functions
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could accommodate without any big problem.
Sallaberger: But perhaps tied into colonies on asteroids, the radiation effects are even more severe when
you think about colonization and generations of children.

You could expect to have some genetically
modified humans after a few generations. But maybe
that is the way to go; nobody knows.
But coming back to asteroids and exploitation,
again, I think there is a big difference between the
two cases I mentioned before: the case of a business to
bring back materials and the case where you use them
in order to go farther. For the first case, the business
cases I know all show that you cannot make money
like that. Even if you bring back pure gold ingots,
even at the price gold is today, you don’t make money.
So, the questions that Peter asked this morning on
concentration of material are very important.
A case has been built also for tritium from the
Moon. It is an interesting idea, but in order to get the
amount of tritium you will need on Earth for a fusion
reactor, you would have to heat a million tons of regolith. So, even with the technologies we have today, if
we cannot concentrate useful material, I don’t see
how we can make a business case. But if we use that,
because it’s already in space, to go farther, then you
can probably make a real business case and make
money.
Schieb:

Berenguer: Regarding the exploration of asteroids, I
think that at this point we should give more importance to robotic missions. The problem of radiation
is, indeed, the biggest problem for humans to get
into outer space. Robotic missions would have solved
the problem, so it would be a win-win situation. You
send robots to get metals and then bring them back to
Earth. We can make use of these metals to be innovative, as I said previously, in our health implementation
plans, and it would also be a good way of exploiting
the metals for business purposes. So, asteroids, in
my view, are more for this type of experiment using
robots, and it would, in the long run, help our space
programs to go to other planets.

… there are the more distant asteroids
beyond Mars … You would go there in
order to build up a trading community.
Berry: There are two different sorts of asteroids. There
are the nearer asteroids, where it would be quite easy
to do what you suggest, and there are the more distant asteroids beyond Mars, where you wouldn’t go
to bring things back. You would go there in order to
build up a trading community.
Berenguer: I guess there would be two phases, then.
You could first do the nearer asteroid belt, and then
later on, once the knowledge has been built on and
has been sophisticated and all the different aspects
have been looked into, that’s when there would be
more development or progress in going to the nearMars asteroid belt.

If you could direct technologies to safely and in a very
predictable manner change orbits … we could bring the
asteroid to a safe place where we can easily go.
Jha: One of the things we have not discussed is the
technology to actually change orbits for asteroids. If
you could direct technologies to safely and in a very
predictable manner change orbits – just as right now
we can send objects into space precisely within a few
hundred kilometers or closer – then, rather than going
to the asteroid, we could bring the asteroid to a safe
place where we can easily go. For example, we might
bring it to the Moon and let it crash on the Moon, but
then we can go to the Moon in two days and do the
exploitation a lot more easily. So, the technologies for
safely changing orbits of asteroids are an important
element.
This is important in another sense, and I think
there will be some public support for this kind of
activities because in the future there might be some
asteroids coming towards Earth, and safely demonstrating those technologies will avoid collision with
Earth as well. Though we haven’t talked about that, it
may be an important element in this whole equation.
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Berry: Yes. If you could change the orbits of asteroids
that are on a collision course with Earth, that would
be extremely useful.

… you could explode a nuclear device
to redirect the asteroid, forcing it off
the collision path … What you want
to avoid is breaking it apart into
several smaller pieces …
Sallaberger: That, in particular, is tricky, though.
There’s been a lot of discussion on that, and I participated in some activities invited by the US military,
looking at this near-Earth object asteroid-hazard scenario. One of their common solutions, for example,
is that you could explode a nuclear device to redirect
the asteroid, forcing it off the collision path. But it
depends on the characteristics of the asteroid. What
you want to avoid is breaking it apart into several
smaller pieces, because then you would have a hundred times worse problem than you began with. Even
a small asteroid in many little pieces can do tremendous damage to the Earth. So, what Virendra brings
up is actually a very challenging problem.
Jha: You don’t have to break it, in my opinion, if you
can launch a big enough rocket. You need very small
change in the velocities to change the orbits.
Berry: I have one suggestion. You could cover it with
silver foils, which would reflect sunlight, and that
would very slightly push it in a different direction.
Sallaberger: It depends how much time you have. If
it is coming to impact the Earth, you might not have
enough time.
Berry: Yes. You would have to know several years
ahead. That’s another problem – the detection of hostile asteroids.
Favier: If we speak about the social aspects of living
on an asteroid, while I don’t think that people would
accept to live on a very small piece of soil somewhere,
you mentioned the largest one, which is less than
1,000 kilometers. I think you said it is 900 kilometers.
I would not stay with my family, or with my grandsons and the several generations, just on a very small
piece of terrain, because I will want at least as a prospective to be able to travel on something that has the
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size of Earth to be comfortable. The Moon mass is a
good destination for a new society, for a new life. A
very small piece of land would not work.
Berry: But O’Neill’s idea is that if you hollow out the
asteroid on the inside, you have an enormous living
space area, equal to 4πR2, where R is the radius of
the asteroid, leaving some space for an artificial sun.
That was his idea, so you might be happier with your
grandchildren, etc.
Berenguer: Yes. People now are dying to buy an
island where they could be away from civilization,
away from some society. So, living in one asteroid, I
think, would be something that some people might
be willing to do.
Favier: But a vacation for one month is not the same
as living for your whole life.
Berry: If you live in an asteroid, you’re not bound
forever, anymore than if you live in a city, you’re not
bound to it forever. You can get out of it and go somewhere else.
Sallaberger: I think Jean-Jacques’s point could support the colonization of an Earth-crossing asteroid
– the ones that come by the Earth every four years or
so. You could have this colony as a lifeboat of humanity in case something happens to the Earth, but every
few years you get your chance to pass close to the
Earth and to visit the big Earth. That is something
else to support the Earth-crossing asteroids rather
than the asteroid belt.
Berenguer: I think it would be nice to know that you
own an asteroid and that’s your empire and something
that can be a legacy to your children and grandchildren.
Jha: Regarding the mining of the asteroid, the issue
of density came up. We are, at least on Earth, talking
about hyper spectral satellites, which actually have
the capacity to detect minerals and their concentration on Earth, thereby helping the mining industry to
know where to go to do the mining. So, hyper spectral scanning could be another way of zeroing in on
which asteroid offers the biggest potential.
Berry:
Jha:

Does that use radar?

No, this is optical. It actually uses the reflected
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sunray, and breaks it into different frequency bands.
And each frequency band represents a different metal.
It also depends; the same technology may not work
depending on how the reflection of the Sun comes
from the different sources, but on Earth it has been
proven to work quite well.
Berry: Radar seems to be used a lot to detect composition of asteroids and planets.
Jha: I think that on Earth radar is not the best technology to differentiate between different locations of
the metals, but it is probably the easiest because you
can get a signature back. Optical is not that easy to do
on things that are that far, so maybe that’s why they’re
using radar.

… the really valuable resources that one would want to
mine might be very common things, like hydrogen or
oxygen or water – even as a fuel source.
Sallaberger: I think that one of the advantages of
radar is you can, depending on the frequency you
choose, look at the subsurface as well, because you
have the ground penetration capability.
I want to make the point that when we talk about
mining, we should not focus exclusively on the use
and search for metals. In fact, the really valuable
resources that one would want to mine might be very
common things, like hydrogen or oxygen or water
– even as a fuel source. If you could do in situ propellant production, for example, I think this is one of the
reasons the potential discovery of hydrogen on the
Moon is so important. There is a lot of oxygen on the
Moon but it wasn’t clear that there was hydrogen, and
these potential scientific discoveries have garnered a
lot of interest just for that reason: water to sustain life
but also to be used as a fuel source.

… to use the material that you find in
situ in order to continue your trip …
rather than stay on asteroids …
is the only way, actually, to
settle these planets.
Schieb: This is my B scenario, which is to use the
material that you find in situ in order to continue
your trip or to go to another destination rather than
stay on asteroids. For the Moon, for instance, or for
Mars, it is a very good idea and not only a good idea,
but it is the only way, actually, to settle these planets.
There are a lot of useful materials, including oxygen
and nitrogen, for energy that you can take out of the
planet to survive on its surface.
The case of asteroids, for me, is a little bit different
– they could be considered as some kind of reservoir
or reserve to go elsewhere, but you have to see about
the same possibilities of mining on the planets on
which you want to stay. This is my Scenario B. Scenario A is when you bring back to the Earth material
just for business.
Sallaberger:

you’re saying.
Schieb:

In terms of delta-v, I think, is what

Yes.

Sallaberger: But maybe not bringing them back to
the surface of the Earth, but, say, to the Earth environment. For example, if you want to protect against
incoming asteroids, there seems to be a common
view that the right place to stage an attack against an
incoming asteroid would be from a Lagrangian point,
because you’re on the 90-degree diagonal. And if you
want to build up the base at a Lagrangian point or
some infrastructure, if you are getting the raw material from the surface of the Moon or even from an
asteroid, you don’t have to deal with the energy costs
of bringing it down to the surface of the Earth.
Berry: How would you do that? If it were at a Lagrangian point, how would that enable you to stop an
incoming asteroid?
Sallaberger: Well, if through kinetic or other means
you wanted to change its orbit, at the Lagrangian point
you are at a 90-degree angle from its orbit, so you have
the maximum impact on redirecting its trajectory.
Berry:
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Favier: And you can stay there. It is a convenient
point in terms of gravitation fields, so this is the right
place to stay and to watch. There is an equilibrium
between the different gravitational fields. So, in your
scenario, actually, you could put materials or launchers to shoot on an asteroid or to wait there in order
to prepare infrastructures to go. This is an exception.
There are several Lagrangian points; I don’t see all
the points in the solar system where you could build
something artificial with the scenario you were mentioning.
Sallaberger: But even if you wanted to build a base
on the surface of the Moon, for example, use of lunar
material certainly is the cheapest in terms of delta-v
costs. But even raw material from an asteroid will be
a lot less expensive, theoretically, in terms of delta-v,
than launching that material from the surface of the
Earth.
Berry: Does anybody know where there’s any uranium among the asteroids? Or likely to be?
Schieb:

But there is so much uranium on the Earth.

Berry: Yes, but it would be very expensive to take uranium up to an asteroid to use it up there. But if you
could find some up there, it would be quite cheap to
use.
Sallaberger: Is your question driven by a potential
source for nuclear reactors?
Berry:

Yes.

Sallaberger: Because you don’t need all that much
material for nuclear reactors, compared to the fuel
you need for more conventional propulsion systems.
There is a lot of talk of lunar helium-3 to drive fusion
reactors. I think we’re a little bit misled by the business case, perhaps, for helium-3 from the Moon. I
think the terrestrial supply of helium-3, although not
enough to supply reactors for the energy production
for the world, there’s enough terrestrial supply to still
cover many decades of experimental reactors. So, I
think other – perhaps more boring – resources, such
as hydrogen or oxygen, are much more attractive in
terms of the expansion of humanity into space than
helium-3 or even uranium and some of the other
more exotic materials that you might need much
smaller quantities of.
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Berry: If there is uranium up there and if there is,
as I suggested in my talk, conflict between different
groups of occupiers of the asteroid, there would be
more opportunity to build atomic weapons if there
was uranium up there – and use them, as well.

… the political forces could be such
that exploitation of space may
be prevented by bigger, powerful
countries for everybody else.
Jha: One other dimension we have not touched on
in this discussion is the political dimension. I think
we are all assuming that every country or every company or every entrepreneur will have the freedom
to explore space as they would wish. But I think the
political forces could be such that exploitation of
space may be prevented by bigger, powerful countries
for everybody else. Or, on the other hand, it could
be made unsustainable and not useful, just as we are
making Earth unsustainable.
So, I think that one of the bigger challenges in the
whole issue of exploitation, whether it’s mining of the
asteroids or other things, is to keep the political environment such that people will have access to space,
and that space, as a resource and as an asset, will not
be destroyed – either by the weapons in space or by
the situation where every time somebody launches,
somebody else launches something else to take it out
because it’s a threat. We haven’t discussed that dimension here.

[COPUOS] has a legal subcommittee
– and under that committee there is a
subcommittee that deals specifically
with the ethics of outer space …

At the moment there is a legal subcommittee at the UN, which Dr. Doetsch mentioned, and
it has an ethics subcommittee that is dealing with all
the ethics in outer space. The UN Committee on the
Peaceful Uses of Outer Space [COPUOS] has a legal
subcommittee – and under that committee there is a
subcommittee that deals specifically with the ethics
of outer space, for example, ethics concerning space
debris, ethics on who has the right to launch vehicles
Berenguer:
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and what are the parameters for launching those vehicles, and so on. I think there is a real need for this type
of subcommittee to be brought up more at an official
level, rather than what is going on right now. COPUOS
is made up of only about 60 member-states, but the
legal subcommittee is only about 10 member-states. I
think this is the most relevant entity that needs to be
given attention in the future, because that will be the
driving force for all these space activities.
What we see is a kind of crisis, if you
see the situation of space in Japan,
space in the United States, space in
Europe: We have to discuss
what are the real targets …
Schieb: You need also economic conditions for such
a business case, either colonization by people from
Earth or exploitation of resources. When you review
the history of the last 2,000 years or 3,000 years of
large infrastructure projects, you see a few lessons.
First of all, you need a big gathering of capital, be it an
empire like the Roman empire or the Chinese empire,
or be it a pure capitalism system of the West such as
built the Suez Canal and the Panama Canal. So, first
of all, you need big capital.
Second is political will, and not only political will
meaning that you have someone to decide it, but if
you speak about large infrastructure, you need a longer timeline than the usual mainstream activities of
the time: be it one century, 20 years, 40 years. Then to
get to this point, you need also an alignment of all the
resources, which could be political, environmental,
social support – or a dictator who could replace social
support for a sufficiently long time. Those conditions
are not very often realized. This is one perspective
starting from history.
The other one is also from capitalist theory where
you see that a number of innovations – sales and technology options – are available, and when you review
the history of startups, joint ventures, and so forth,
you see it’s probably far less than one percent that succeed. So, the technologies and innovations that are
available – those are two different stories.
What we can see from the recent history of space
applications is: In the beginning it was a big East/
West fight that was the main driving force. And the
feeling now is that we want telecommunications. The

most important thing for the Russian launchings was
the broadcasting telecommunication. What we see is
a kind of crisis, if you see the situation of space in
Japan, space in the United States, space in Europe:
We have to discuss what are the real targets and the
drivers for the future. I cannot tell what will happen,
but the indication from the Indian program is very
important, because the starting point is benefits for
tackling societal challenges right now. The problem
is that the conditions are not ready for a new wave
of exploration or going to Mars. It is a complex system when you are considering either success of large
infrastructure or from the standpoint of startup and
venture capital. What is probably behind what you are
looking for is that you need all of those conditions to
be on the table. Now what we see is that this is not
the case.
Berry: Let’s do some summarizing. Do we have any
consensus in this group?
Jha: One consensus that we seem to have is that
robotics should play a role before the human beings
play any role in mining of this kind.
Berry:

Are you absolutely sure?

Sallaberger: Let me rephrase to something that we
might have consensus on. Perhaps we could say that
the likely future scenario will involve robotic elements
as well as human.
Berry:

It has to have humans.

Sallaberger: Coming from a world of space robotic
systems, we often hear these debates: Should this be
human-led activity, or should it be robotic? It’s really
a silly argument, because it’s really the two that work
together well. As you know, our Canadian space
robotic program is actually part of the human space
flight program.
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It was greatly trumpeted 40 years ago
that we were going to have machines
as clever as people, but nothing at all
has happened like that.
Berry: But a hard occupational intelligence has been
a complete failure. It is a testimony to nothing. It was
greatly trumpeted 40 years ago that we were going to
have machines as clever as people, but nothing at all
has happened like that.
Sallaberger: We had the discussion during the
break where I said, “If you’re talking about mining the
asteroids, you don’t need robotic systems that have
self-awareness and consciousness and all the highest
levels of autonomy.”
Berry: You do if you’re doing lots of other things as
well and making decisions and dealing with unexpected situations. Then you need humans.

Earth, which is something with a given philosophy,
or Plan B, to use them in situ in space because they
are already in space, so we save the delta-v, the energy
to bring them from Earth to space, and it is useful to
have them either to go to another planet or to go to
the Lagrangian point, and so on. But these are two
different cases to me. I don’t know if you agree.
Berry:

Jha: We said that for it to become a viable economic
case, the launch technologies certainly have to get
cheaper.
Berry:

Another thing we talked about is the development of technologies that can change orbit, as a
possible way to bring asteroids to places where we can
do better mining, or change the distance so that it’s
more approachable.

Berry: Yes, we have to start with robotics in order just
to spy out the land.

Using in situ resources is obviously
useful for the next steps of the space
program. Whatever the destination
or the business case is …

But before that, maybe we could start by saying that there’s a consensus to look at the potential
offered by mining asteroids and planets. Using in situ
resources is obviously useful for the next steps of the
space program. Whatever the destination or the business case is, I think this is really something that has
to be done.
Then come, at least for me – I don’t know if all the
group agrees – the two cases, case A and B, either
to make a business and to bring back materials to
Favier:
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There should be a legal framework
on the mining, the exploration,
and exploitation of asteroids …

Yes, absolutely.

Favier: So, in order to prepare the next human missions, we would start probably by robotics. But both
are useful and complementary.

And a lot better.

Jha:

Favier: I think the consensus is that the robotics and
human missions are complementary.
Berry:

Okay. What else do we agree about?

Berenguer: Maybe we should include the international cooperation aspect as well as the international
legal framework, as Virendra mentioned a while ago,
that there should be more emphasis on the ethics of
outer space. There should be a legal framework on the
mining, the exploration, and exploitation of asteroids,
so that there won’t be any warring factions when these
types of metals are brought back to the Earth.

In general, to keep space accessible to all, in a
bigger framework.
Jha:

Sallaberger: You might even want to phrase that so
the issue is not just technical, but broader, including
legal and political and even the future of governance,
if we talk about consensus-building with enough
critical mass to enable these kinds of things. The technology is really only one aspect, and maybe not even
the driving aspect of opening that up.
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confines of the Earth – certainly in this kind of a time
frame of a thousand years or 40 generations.
Should there be a sheriff in the asteroids –
some sort of police force…?

Berry: Should there be a sheriff in the asteroids
– some sort of police force enforcing ethics and preventing crime?
Jha:

That can only be done through Earth, I think.

Berry: It can’t be, because Earth is a long way away.
It needs to be someone on the spot. In a country on
Earth, the reason you have a sheriff or a police force is
because all the people have agreed to have one. So, up
there among the asteroids, you could have one if all
the asteroid users agree to have one, so that the rogue
or criminal types could be hunted down.
Schieb: We need to say that there is a need for a favorable business environment encompassing all that we
said, and to be favorable, you need to have some governance rules – first to provide the favorable business
environment, and then to avoid any misbehavior.
Berry: A large number of people are capable of behaving in a villainous fashion. In a place where there are
no police, you have a great increase in crime.
Berenguer: I don’t think any police would like to go
to live in an asteroid, so any enforcing would be done
on Earth.
Berry: But that’s impossible because Earth is such a
long way away. It’s got to be someone who actually
lives there. You can’t have a police force that is a very
long way away and can get there only with great difficulty. It has to be someone who lives where he can
immediately get to the scene of the crime.
Sallaberger: I think what we’re talking about in the
broad context is this transformation over a thousandyear scenario from a terrestrial species to perhaps a
solar system-wide species. As that transformation
happens, I don’t think we will see governance handled
for that entire humanity from the Earth. In the same
way on the Earth, when you had expansion or colonization, eventually you had some increasing forms
of independence and self-governance. I think we will
see the same thing as humanity moves beyond the

I don’t agree. I think that the Earth will
be the entry point to outer space, so everything will
happen on Earth. All the requests for entering outer
space will be done on Earth, which is why there’s a
need for this international framework, because that’s
where the checks and balance, the monitoring, will
take place. You cannot just go flying; you have to
depart from somewhere, and the departure is from
Earth. The cost of immigration is on Earth before you
go anywhere else.
Berenguer:

Earth will have no authority. What goes on among
the asteroids will be beyond the control of Earth.

Berry: But Earth will be a forgotten place; nobody
will live there. People will remember it but that’s all.
They won’t pay any attention to it. Earth will have no
authority. What goes on among the asteroids will be
beyond the control of Earth.
Berenguer:
Berry:

But before that….

In the beginning, yes, but not afterwards.

Sallaberger: It is unfortunate that we don’t have an
American colleague on the table here with us, but I
think that even if we look at the history of this country that’s hosting us here for this meeting, you have
the perfect example of governance that was attempted
from, as you call it, the starting-out point. Over time,
you have a self-sufficient, new base of humanity – in
that case, in the United States – that eventually seceded
away from that perhaps artificial imposing of governance from the outside. I think it’s just a question of
when that would happen if humanity actually sets up
other centers of humanity off the surface of the Earth.
Berry: So, our consensus is: It’s got to be a mixture
of humans and robots, with robots doing the boring,
drudgery work, and humans coping with unexpected
situations, of which there will be many, and having
ideas and management, and so on. We will rely heavily
on in situ resources, particularly carbon compounds,
water, and so on, that exist up there in abundance.
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Then we think that after a certain time, there will
have to be local police forces, such as sheriffs, and so
on, although we’re very vague about how that might
be done.

Berry: But if you’re controlling an asteroid, you can
change its orbit by a burn of a rocket. It’s another
asteroid that nobody’s in control of for which you
want to be able to change the orbit.

I don’t think we have full consensus

Sallaberger: Another key that we covered a couple
of times is the importance not just of the technology
but of the broader social, political, legal, and governance issues that will probably be equally important
to the technology. To mount a human expedition to
or colonization of the asteroid belt, we’ll need not just
the technology to do it but the broad terrestrial political will before we even get going with it.

Sallaberger:

there.
Berry:

point.

Well, eventually. And Virendra was making a

… justification for the developing
technologies that will allow us to
live or go there may be equally valid
for living on Earth when conditions
become inhospitable.
Jha: One other point I was making was that justification for the developing technologies that will allow us
to live or go there may be equally valid for living on
Earth when conditions become inhospitable. Some
of the selling arguments for this activity could also
justify living on Earth when that environment gets
unsustainable.
Favier: Your argument, which to me was a very good
argument, was to test these technologies, because
maybe we will need them in order to react if an asteroid looks like it will hit us.
Jha: That was for technology for changing the orbit
– these technologies should be developed so that we
can bring the asteroid where we want it, and, second,
to keep asteroids from hitting the Earth if that is going
to happen.
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Berry: It might be a bit like the Klondike Gold Rush,
where all sorts of different individuals decide they
want to do this or that and the other in the asteroids,
and they go off and do it, and nobody controls them
or stops them.

But nobody was objecting to that. If you have
an environment that is highly hostile, you cannot go.
Even pioneers need degrees of freedom.
Schieb:

I think we have to be very careful not to
extrapolate too quickly from what happened in history when discovering new continents, socially
speaking, because, as you say, when two populations
were fighting, the one could go farther and find a new
way to live because the environment was not hostile.
Here we are in space. You cannot escape, so it will not
be the same way to proceed.
Favier:

Berry:

That is the close of our group. Thank you.
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next obvious place to go is either into the water or out
and up into space. I think that’s probably a very strong
incentive.

Participants:
Karl Doetsch (Lead)
Adam Bruckner
Nicholas J.M. Patrick
U.R. Rao

Is there life beyond ours? Is there life
in another world? I think that’s a very
strong motivator for many people
to venture out …

Laurence R. Young
James Zimmerman

What do we think are the three
principal reasons for space exploration
well into the future … And what do we
see are the principal impediments
to getting there?
Doetsch  (Lead): I would like to propose to you that
what we look at are: What do we think are the three
principal reasons for space exploration well into the
future, over the thousand-year interlude? And what
do we see are the principal impediments to getting
there? If we could each give a little thought to our
views on what we felt is why we would try to do it, and
then what is going to stop us – that might form a base
for some interesting collective thoughts. I would be
willing to hear any other ideas people have, but that
strikes me as a good way to start.

… one reason to explore is that it is
very much in our blood;
it is something that people have
done for a few million years …
Patrick: My thought on one reason to explore is that it
is very much in our blood; it is something that people
have done for a few million years, and it’s been relatively easy up until now. If you didn’t like where you
were, you could probably pack up your few belongings and walk a hundred miles west or east, and find
somewhere else to live. It has been done to the extent,
I think, that the planet will allow us to do it, and the

Zimmerman: I would like to elaborate on Nick’s point
from a slightly different perspective. I think that we
have not only a desire to explore and curiosity, but a
curiosity specifically about the question: Is there life
beyond ours? Is there life in another world? I think
that’s a very strong motivator for many people to venture out, first robotically and eventually with humans.
In a thousand years, it’s inevitable, in my view, that we
will do that.

I think there will be three drivers:
curiosity, natural calamities, and the
fact that there’s money to be made …
Bruckner: Besides the already stated reason that we
go – because it’s there, the curiosity – there are also
reasons that societies and tribes, and so forth, have
moved, and those reasons were natural conditions,
disasters, or the desire to go somewhere where things
are better, where there’s better grazing ground or better resources. The other is for economic reasons. A
desire to be somewhere where it’s better is frequently
based on economic reasons.
So, I think there will be three drivers: curiosity,
natural calamities, and the fact that there’s money to
be made or advantageous economies to going somewhere else.
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… projections concerning growth of
the population show that it will be
12 billion by 2100, optimistically, and
probably 16 billion, pessimistically.

The fundamental reason, in my opinion, is that
the projections concerning growth of the population
show that it will be 12 billion by 2100, optimistically,
and probably 16 billion, pessimistically. The Earth’s
resources just cannot support this large population.
We will be forced, in terms of food, water, and supplies, to get out if human beings are to survive. While
it is true that most of the scenarios show that by
2060 we will have achieved that type of equilibrium,
things may come about much earlier due to terrorism – growth of terrorism in the world, the element of
nuclear material being stored somewhere but unaccounted for.
The third reason that can force this is that many
things, even natural things, can happen, including
changes in the ultraviolet, removing of the ozone layer
… many things can happen. If humans are to survive
for a long period of time, we must find an alternate
place. These three are greater reasons why humanity
must find an alternate home, at least to keep the species surviving.
Rao:

The great age of exploration
was largely driven for reasons of
commercial and military power …

As far as the reasons for wanting to explore,
let me first of all agree with my colleagues, but be a
little bit more cautious. The drives to explore in the
past, yes, certainly have included the curiosity and
man or woman’s innate nature to go beyond, but they
have also been for some other reasons that are much
more base: economics, being forced out of their land
because life was intolerable because of prejudice or
weather or whatever, and drives to just make money.
The great age of exploration was largely driven for
reasons of commercial and military power, though
lots of other good things resulted from it.
The push toward the development of the space
Young:
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age was a military push in a very severe competition
that we all know about. All you have to do is read the
papers currently to find out that that is still there. Are
we going to have weapons in space again?
… we tend to ignore the fact that mankind’s ethical
values, moral principles, abilities to get along with one
another in a global sense have not improved one iota
since the days of the caveman.

If I can turn to the impediments at the same time, I
think we have to recognize that the space exploration
urge carries with it the assumption that technology
will improve to allow us to do things that are not
currently done, but we tend to ignore the fact that
mankind’s ethical values, moral principles, abilities
to get along with one another in a global sense have
not improved one iota since the days of the caveman.
We are just as destructive, just as competitive now,
globally, as has been the case during the past years.
The 20th century was a great explosion of technology
and it was a disaster in terms of what people did to
one another. So, I think we have to at least give some
thought to handling the human issues as well as technological ones.
Thank you. As I listened and jotted notes,
you named the instinctive element: It’s in the blood;
it’s in the genes. There were the curiosity aspects of it;
there were the economic factors; increased robustness
against potential calamities that are coming on. That’s
the sort of thing that came through. Now, our topic
was “space technology and environmental/social
challenges,” and it was interesting to me to do this
round to see how many times environmental/social
challenges would come up in your thoughts, because
obviously if we’re going to drive ourselves to deal with
the big social problems that governments deal with,
we need to have some sort of hook in there.
I didn’t see very much except robustness and
perhaps, Larry, right at the end when you were talking about people getting together, but I wasn’t sure
whether that was a favorable thing or a nonfavorable
thing for exploration.
Doetsch:

Young:

I intended it to be a warning of danger.
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Doetsch: Okay. A warning of a condition under
which we operate. Let me focus the question a little
bit more, with regards “why space?” from a point of
view of environmental/social challenges that are facing the communities. Are there things you want to
add for a rationale for moving on and out?
Patrick: I would like to expand upon my statement
that it’s in our blood to explore by asking what happens
if we completely stop exploring. Would we see a rise
in delinquent behavior, destructive behavior, because
without the outlet of exploration, perhaps people turn
their energies to less profitable things? That’s a question; I don’t have the answer. I suspect that the answer
is: Without useful outlets, construction, exploration
and so on, people become more destructive, more
introspective, and generate less useful activities.
Doetsch: So, you see it as a cohesive force for unifying people’s goals?
Patrick: Not so much cohesive for people, although
it could be, but simply a force for the prevention of
destructive traits.
Bruckner: I agree that having a frontier is an inspirational factor, and that people can look at it even though
they don’t participate – let’s be real; how many people
actually participate in exploration of space? You can
probably number them in the hundreds of thousands
around the world who are directly involved. The rest
of us read about it; we see it on TV; we’re inspired by
it. It’s very inspirational to the young people. Young
people are born explorers. They love to hear and read
about exploration. So, it’s a very inspiring kind of
thing that goes on.
I think you’re right that, if this goes away, we
may have a problem because where will the inspiration come from? There are only so many things that
are unknown yet on the Earth. We have pretty much
explored it all. Sure, we can go under the seas and
perhaps places like Antarctica or other less explored
regions, but eventually we will run out of real estate to
look at. So, having something to focus this urge to find
out what’s beyond the next hill and, as Star Trek says,
“To go where no man or woman has gone before,” I
think it’s important for the mental health of society.
Rao: The previous two speakers have said what I think
is an important point. But it looks to me that with

the type of demands we have on resources, and the
problems that are already prevalent all over the world
– the inequity, the hunger, and so on, without any
hope – and it is only going to become worse. Therefore, without any hope, I think you will have nothing
but chaos.
So, it’s not just a question of adventure, which is
important, but even the very hopes of the large mass
of population of the world, which have absolutely no
means to survive. They need something to look forward to. Therefore, we have to certainly provide new
resources and there is no other way except to find …
yes, people have talked about Antarctica and use of
resources from the oceans, and so on. But they are as
distant as – in fact, probably more distant than what
we can do from space.
The sense of adventure gives tremendous hope to
youngsters, but I think that space for provision has a
great role to play.
Young: Let’s return to the drive for migration,
because, Karl, I think you will agree that migration is
only one of the many things we have talked about in
terms of the future in space. Let me bring up a contrarian view.
We are talking about the need and drive for migration because of the enormous projected growth in the
world’s population, and the problems that that growth
brings with it in terms of resources, places to live, and
so on. It seems to me that we haven’t examined the
obvious alternative, which is checking the growth in
population. We have noticed that in a large part of
the Western world, it has been reduced – reduced
dramatically – but that doesn’t mean that world population growth has gone down, though locally it has.
That happened, of course, without sufficient planning, so the result has been a financial crisis that is
facing countries that don’t have enough young people
to support them. However, certainly an alternative to
the drive for space migration is a drive to reduce the
necessity for migration by reducing the number of
people per acre of arable land.
Then, a point on which I would like to disagree
with Professor Rao is the statement that it is as difficult
to make relatively inaccessible places on Earth accessible, like Antarctica or undersea. I think that they are
far easier to make available as human habitation spots
than even our nearest current candidate, the planet
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Mars. It is a benefit, I would point out, of space technology that the kinds of technology that we would be
thinking about for space colonies or terraforming an
asteroid or Mars would certainly be useful and easier
to apply to distant places here on Earth. So, I would
like not to think that space exploration necessarily
means that we turn our back on Earth exploration.
… even if we stop with today’s
population but try to have a more
uniform standard of living around the
world, we have a crisis on our hands in
terms of energy use …
Doetsch: Very often the argument is focused on
population size of the world and how it’s going to be
unsustainable. But even if we stop with today’s population but try to have a more uniform standard of living
around the world, we have a crisis on our hands in
terms of energy use, for a start. So, we have to address
not only the question of the growth in the population
but the more equitable sharing of the resources and
the desire of the 80 percent of the world’s population
who want the same thing that we have but feel that
they are not getting their share at the moment.
It’s very easy for people in the Western world to
say, “Well, that’s somebody else’s problem,” but I don’t
think the closed system works, even with the current
population, if we have more equality.
Rao: One issue is the equity, which Karl addressed;
second is that the projection I made is built on making the optimistic assumption that population will go
down to 12 billion and there will be measures taken.
The pessimistic view is that it will grow to 16 billion.
Unless what has been adopted in China is adopted
and enforced everywhere – that is, one child or none
– I am afraid that the 11 to 12 billion population is
something with which we have to reckon. There have
been an enormous number of studies made today that
assume a downward growth but also take into account
the increased lifetime of the people. It is factored into
all things to come to this conclusion that there will be,
more or less, between 11 and 12 billion people.
The other thing is: I agree that it’s not that Antarctica is more difficult than Mars, but I think there’s also
the possibility that we must have a second alternative.
We can’t depend upon a single point of failure if the
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human species has to go. There is certainly greater
challenge in going to Mars, and I think it is inevitable
and probably the thing that can be achieved within
the next thousand years. It would take about 500 to
600 years, at least, to change the atmosphere and
basically we have to create an atmosphere, and that is
where the trick is.
I fear that we are going to see
global pandemics that will severely
affect the number of people on this
Earth on an unimaginable scale.
Bruckner: I’ve also seen these population projections. The one thing that they don’t take into account
is that nature seems to have a way of correcting problems. We have seen, over the past thousand years,
numerous plagues that have wiped out very large
fractions of humanity, and we know today that there
are pathogenic agents out there, bacteria with resistance to antibiotics, new viruses, and so forth. I fear
that we are going to see global pandemics that will
severely affect the number of people on this Earth on
an unimaginable scale.
We have many more people now than there were,
say, 500 years ago, or whenever the last major plagues
were. We also have natural disasters and other unpredictable things. All we need is a supernova going off
not too far away and we’re all toast. Nature, on the
other hand, has an incredible power of healing itself.
Even though it may take a long time, compared to
our lifetimes, it always heals itself. Look at the mass
extinctions that we have gone through in the last several hundreds of millions of years – and nature always
comes out of it actually better than it was before.
That also brings out the fact that nature is totally
indifferent. Whether we continue to exist on this
Earth or not is totally irrelevant. Something else may
arise. I’m just saying that I don’t think we will ever
reach 16 billion population because I think some kind
of pandemic or other factor will come into play that
will correct this problem.
Zimmerman: I’ve been listening with a lot of interest.
You’re talking about a lot of sobering realities that will
motivate people to leave the planet. But there’s the
other side that Larry touched on earlier that troubles
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me in a way, and that is: Are we able to organize ourselves to leave the planet?
One aspect of that would suggest that if there is
a sufficiently great threat that is sufficiently widely
known and accepted, perhaps that, in itself, is a motivating factor. Even though I eternally believe that the
cup is just barely slightly more than half full, I must
say that the record of just the last century, if not the
last thousand years, doesn’t give me great optimism
to project that we will do a sterling job in organizing
ourselves in the future.
Young: Let me turn to something positive. I don’t
think we need to rely upon extraterrestrial migration,
that is, leaving the Earth, to justify the exploration
drive. We started this conversation with Nick talking
about the drive to explore – to “climb it because it’s
there.” I think that, in fact, in a world of combining
increasing resources with the desire that Adam and
Nick referred to, the need to develop technology – and
I completely concur that peaceful uses of technology,
peaceful drivers, such as devising micro-robots to
work on symbiotic relationships with humans and
exploration is a far better thing to work on than the
black side of this.
Now, with that, we have ample reason to want to
go and do significant space exploration well beyond
where we are in the 21st century, and we don’t have
to rely upon migration as a cover – because I think,
in fact, that that is one that doesn’t support its own
weight.
Let me turn, lastly, to the issue: Will we need
someplace else to go? Yes, the energy issue is a critical one; there’s no question that we’re closing our eyes
to the fact that we’re running out of fossil fuel. But
let’s examine the use of space for overcoming that
problem. The far-out ones like hydrogen fusion, the
medium ones like space solar power, and so on, these
are all within the realm of possibilities and should be
explored.

Is there a cohesive aspect of exploration that we
should follow that will actually get the political will …
something that we can put forward that would indicate
that we are worth a bigger share of the economic
activity of the world?
Doetsch: Let me put something else on the table,
because I think it’s fairly important. At the moment
the space exploration people have a mindset that is far
too narrow, I think. They’re talking about relatively
small, incremental budgets, compared to everything
else that is happening. Yet if we’re talking about exploration of a large scale in the future, which really looks
at Earth as being part of a system and getting out into
that system a little more, the budgetary scale is completely different from the sort of thing that we’ve been
addressing for rationale.
So, the question that I want to add as my third
refinement is: Is there a cohesive aspect of exploration
that we should follow that will actually get the political will – and the commercial will would be coupled
with that – to allow us to embark on the process of
exploring on a scale where people don’t say, “Wow,
that’s going to cost $100 million; that’s too much,” but
begin to recognize that what we’re talking about is
billions and billions of dollars here. In other words,
something that is a significant portion of the $36 trillion of world economic activity of each year. At the
moment, we are playing in the noise level. Is there
something that we can put forward that would indicate that we are worth a bigger share of the economic
activity of the world?

The way we have to tackle the problem
is to look at a myriad of exploration
goals, and develop a systems
engineering approach,
a “system of systems” …
Patrick: I don’t think it’s easy to find a single exploration objective that will both fire everybody up and
get you the funding you want, and leave you with a
capability that will let you do other things easily in
the future. The way we have to tackle the problem is
to look at a myriad of exploration goals, and develop a
systems engineering approach, a “system of systems,”
people have called it, that will allow you to bite off
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little pieces of this, whether it be astronomy from the
far side of the Moon or one of the Lagrange points, or
whether it be low Earth orbit for tourism and medical research, but allow you to bite off this exploration
problem piece by piece and put together a mosaic of
exploration objectives over a long period of time.
Bruckner: A good example of how people can get
energized is when the Administration proposed not
renewing the lease on life of the Hubble Space Telescope. There was really a hue and cry that suffused
almost all of society. Even the “average Joe Six-pack”
was protesting against it, because somehow what
had come back from the Hubble had inspired and
energized everybody. Everybody knew what it was,
had seen the pictures, had read about it; they were
interested. It’s kind of like the “Big Bird” of the space
program. So, it can be done, but I think you have to be
careful how much money you put on the line. It’s very
difficult to get a society to make a commitment of, as
you say, billions – $36, $50, $100, $200 billion many
years into the future – although a government seems
to have no trouble getting $100 billion into a war in
the Middle East.
A very small example, but a very typical example,
is happening right here in Seattle, where there’s been
planning for a new monorail system, a 14-mile monorail system that was approved about eight years ago,
and its costs are escalating. It turns out that we’re
going to have to be taxed for 50 years. People are saying, “Wait a minute!” Everybody knows this is good;
we need a transportation system like this; it will benefit many people. And yet they are very reluctant to
commit to having to pay taxes for that long a time.
I think the problem here is that we humans are not
used to thinking in such long timescales, which is
what the serious exploration of space and migration
is going to entail.
So, we all have our own built-in “event horizon”
with respect to how long we feel that it’s okay to pour
money down a certain hole. And I think there’s going
to have to be a lot of education of the general public
that goes along with whatever cohesive program ultimately wins the day.
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… among the spacefaring players,
two-thirds or maybe three-quarters
of those players have a much higher
priority for Earth applications than
they do for exploration.
Zimmerman: Just to add to that point, you ultimately
want to have the public go too. It’s not just the “fortunate few” who take off in those ships, even if those
numbers increase dramatically. You want to use the
technology we already have, and who knows what
it will be 100 or 1,000 years from now, to have them
virtually be at the cutting edge of that exploration initiative. That, in itself, may enable some of the funding
and political support.
But there is another side to this, looking at it from
the real world of today, and that is that just in the
spacefaring countries and among the spacefaring
players, two-thirds or maybe three-quarters of those
players have a much higher priority for Earth applications than they do for exploration. The compelling
rationale that we’re talking about here, for instance
in India, is an interesting thing, I think – I would be
interested in Professor Rao’s view – but it isn’t the
highest priority of the Indian Space Program for very
good reasons. And I think we have to find a way to
marry the practical applications with the inspirational, curiosity side of exploration.
Young: Jim, you made reference to every man on the
street virtually traveling. Well, I think virtual travel is
what you are going to be seeing. Quite honestly, my
belief is that the desire to have space tourism is going
to be a passing fad. It will happen; it will make money
for some people; and after everybody in your county
has been in space or has had a relative who’s been in
space, it’s going to be of no more interest than flying on
an airplane is to my children. When I was a little kid,
we used to take class trips out to LaGuardia Airport to
see planes take off. But now, flying on an airplane is not
something that one goes out to do to experience, and I
think that space exploration will – we’re talking about
in a millennium – quickly pass into that era.
Let me also talk about the economic drive. There
are areas in which the public, which is not very prospace now, forgets about what it brings to us. They
forget about the fact that we make telephone calls for
three cents a minute now. They forget about the fact
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that GPS allows us, for a relatively small amount of
money, to know exactly where we are, let alone the
fact that the phone company knows where you are.
Dr. Kasturirangan spoke to us about all of the benefits
in the Indian Space Program – tremendous economic
benefits. Raising the enormous amounts of funds that
Karl asked about, which are required if we are to do
this exploration, requires a realistic education process
on what the economic benefits to the individual are,
like communication, like navigation. I honestly think
that it is going to be in the energy area quite soon and
that has to be developed.

… I don’t think that this type of
program can be run by
one single nation.
Rao: You are right, but the priorities of the different governments are different, even amongst these
things. But I must say that the United States has really
taken the lead, with the International Space Station,
for combining with other nations – a few nations, not
all nations. At least some positive movement is there
in terms of combining. If the goals are extremely clear
and they are very well spelled out, I have no doubt that
you will be able to get many nations coming together,
but I don’t think that this type of program can be run
by one single nation. It is extremely important to have
a commitment, even if it’s not a total commitment,
either in kind, in money, in terms of participation,
from a large number of nations in the world. If that
can be done, it becomes a global program.
Yes, surely the United States will take the lead, or
the richer nations will take the lead, but the nations
that are not that rich will try to join because there is a
definite good. This is important if humanity is to survive; otherwise, there is no way to stop the inequity
unless we have a combined effort to deal with it.
Young: Do you think we’re moving positively in that
direction?

… there are many nations that are benefiting from
space applications but they have not themselves put up
the satellites … spent the money on the rockets …
Rao: I think that the International Space Station is a
good movement. Yes, it could have got many more
countries, but it is a good movement. There may be
differences, but this is at least the first step. There are
many areas in which nations have combined together.
Provided there is a certain amount of equity built
in, then I think a better understanding is to come,
because there can be a far greater understanding of
what the problems are and how to tackle these problems. And the benefits that accrue, even to those
people who are not directly affected – for example,
there are many nations that are benefiting from space
applications but they have not themselves put up the
satellites; they are not those who spent the money on
the rockets; but they are still beneficiaries.
The support you will get in each nation is different
because there might not be the right type of leaders,
but that is a different matter.
Zimmerman: The organizational question is an interesting issue. We did a lot of looking at this issue in the
IAA [International Academy of Astronautics] study
done a couple of years ago, and there’s been some
additional work done at the International Space University and a couple other fora. I think that the point
you’re making and the point that Nick made earlier is
really the key thing, that one has to take a very decentralized “system of systems” approach. One has to
recognize that while one or two countries may invest
a lot of money, all the stakeholders from all around
the world have to have an opportunity to participate,
and there is no single program under which there’s
one single leader and a bunch of followers. There may
be a multitude of programs and a multitude of collaborative arrangements in a very large system, and
if taken collectively, that represents the global effort
to explore.
I would say that even though we’re looking in very
long timescales, the next 10 or 15 years will be very
interesting in that regard, because if the countries of
the world can get their act together for exploration,
we will be seeing a very rapid expansion of that activ-
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ity, including activity that benefits the smaller and
developing countries around the world. If they don’t,
then all I can say is that in a thousand years we still
have plenty of time to get our act together.
Doetsch: I would like to pick up on the theme now
of the organizational aspects. Within the past couple
of years in the Earth observation area, we’ve had this
geosystem of systems developed. There was a CEOS
[Committee on Earth Observation Satellites] before,
and it was a group of government agency-level type of
people who were doing fine work, but it never had any
real political bite. And then all of a sudden the Department of State, through NOAA, decided that they would
take this up a notch. Immediately, with that sort of leadership and creating a system of systems, they managed
to put together some sort of framework that would
now allow different people to contribute.
In space exploration, I don’t think we have such a
framework and I don’t think we have any leader not
involved in space who’s prepared to say: “This is in
the national interest; we’re going to go and do it.” Am
I wrong?
Zimmerman: No, I think you’re right. But I think that
we have to be a little bit patient with ourselves, too.
We can’t expect some of these organizational challenges to be solved overnight. I see the seeds of this
approach being taken at a global level, and in a way
I think it’s good that we yet haven’t seen one player
step out and try to define the future for everyone else,
because it’s important that the number of players
define their interest, define their visions. Then, with
a little bit larger set of stakes and stakeholders, we try
to get those potential players together in a larger collaborative effort.
Bruckner: But, in fact, this has happened in the sense

that last year the Administration of this country
[USA] presented a Moon-Mars exploration program
in which they invoked international cooperation and
they basically stood as the ones defining what we’re
going to do. And it may or may not happen.
The United States does have, or may have, the
resources to pull this off. I don’t, at this point, see
any other country that has the resources to be able to
make any kind of a bold statement, whether you agree
with it or not, that “this is what we’re going to do.” In
essence, the United States is still defining where we go
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and what we do in the large sense. Other countries do,
of course, their own programs, but in terms of articulating a vision, that has already happened. Whether it
will take place as announced, we don’t know, because
human nature is involved; politics is involved; a lot of
factors beyond our control are involved, so whether
the staying power will be there remains to be seen.

What one needs to do is set up the
mechanics of cooperation in a sensible
way, and let the cooperation develop.
Patrick: I actually think that one doesn’t have to have
a grand plan for the international cooperation that
will be an inevitable part of exploration. What one
needs to do is set up the mechanics of cooperation
in a sensible way, and let the cooperation develop. I’ll
give you an example. If we have a proprietary docking system for modules that we don’t share with other
people, then it’s very hard to have exploration. If we
have an open docking system with well-understood
power and life-support connections, and so on, something that anybody can use and copy, something that
is a well-tested standard and everyone is prepared to
use on their own, then it’s much easier for international cooperation to just develop.
Another difficult area, perhaps, is the need not to
pollute low Earth orbit. We need to try to keep people’s use of low Earth orbit somewhat in check, so that
the resource is there for everybody. But if we manage
some of those things at the low level, I think the cooperation will naturally follow.

If Russia is successful in building
their Kliper system … it will be
very important that that system
is completely interoperable with
whatever the United States develops.
Zimmerman: A couple of observations: While clearly
the United States has made the major announcement,
back 14 or 15 months ago, there actually are some
interesting things happening in other parts of the
world. Europe, three or four years ago, initiated their
Aurora program, and while the amount of money
is still somewhat modest and the political commit-
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ment has not been finalized, there is a lot of interest
in Europe in pursuing a rather aggressive robotic and
human exploration program.
Our friends in Japan just this April [2005] made
some initial announcements about a Japanese vision.
I take the developments in India, with India’s first
robotic mission to the Moon, to be another indication. Of course, we see similar things in China and in
Russia. So, I think there really is a critical mass in the
making for a global initiative to explore.
What Nick said about nonproprietary docking systems is critical. If we’re sending humans to low Earth
orbit and eventually to the Moon and beyond, we
have to have at least two ways to go, so you want to be
sure that they’re interoperable. If Russia is successful
in building their Kliper system, perhaps with support
from Europe and Japan, it will be very important that
that system is completely interoperable with whatever
the United States develops.
Rao: It requires a lot of patience, and we are talking a
thousand years, so we have enough time. Regarding the
commitment, for example India has now a Moon program. India is making a serious study of what needs to
be done in terms of exploration. But the way you need
to anticipate it is that NASA makes the announcement;
India will not make an announcement of that type. It
can only make the announcement after the government has agreed. It cannot make the announcement
beforehand. These are all internal ways.
Again, one must make sure that there is a public acceptance. Nobody said: “Look, we are a very
poor country; we can’t afford this because there are
so many people below the poverty line; why are we
wasting money?” There is tremendous public support. We need to ensure that the program, if it is to
succeed, has public support, not just governmental
support. The Indian people realize that it is extremely
important; otherwise, you cannot have technological
development.
You will find many nations that set their own pace
and they will not be able to make an announcement
beforehand, but there is time. Therefore, I think that
international cooperation can be obtained and should
be obtained if you really are to succeed.

… the kinds of programs we talk about
require commitment of a long time …
more than one term of office …
Young: On the issue of commitment, the kinds of
programs we talk about require commitment of a
long time. What do we mean by “a long time”? Well, in
practical terms it means more than one term of office
of whoever is involved, whether it is the president of
the United States or the prime minister of other leading countries.
We have suffered, especially in the United States,
from a lack of commitment and follow-through. We
learned how to go to the Moon, but we never stayed
long enough to do the lunar science. We learned, after
a lot of push, how to build a space station, a so-called
“International Space Station,” and then decided that
we’re going to close it down before we began utilizing
it. And I fear that that has been a continuing pattern and will be one, simply because the time delay
from the initiation of a program to reaping the fruits
outlives the political lifetimes of the people who are
doing it. There must be a long-duration way of doing
that. I would have thought that international commitments would have been sufficient, but as we see in the
case of the space station, they’re not, and I’m troubled
by this.
Rao: When I said commitment, I said that we don’t
want to commit beforehand. But once we have
committed, India has never gone back on any of its
commitments. This is precisely the reason we take
our time to make an announcement. But we have not
one single instance where India has gone back on its
commitment; it doesn’t matter which government has
come. Once it has been approved, it is closed. But it is
a fact that one must absolutely be certain that we will
fulfill the commitment; before that, we don’t make an
announcement.
Doetsch: Good. Thank you very much for those
inputs. It seems to me that we could quite usefully
spend a few minutes now trying to wrap up what I
would see as three themes coming out of the discussion here.
The first one that I think we need to try to wrap up
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and agree upon is: Do we have a rationale for space
exploration, in particular regarding the so-called
“environmental/social challenges” that have been
identified and considered? That was the why part.
The answers I’ve heard so far are that we explore to
increase the robustness of life on Earth, with a couple
of examples (neither of which has been fully accepted
by all). One was dealing with resources for the future,
and the other one dealing with migration and the
robustness associated with that. There was a curiosity
factor, which was identified, and there was the motivational aspect identified. That is what I heard coming
out of this particular group as being the rationale to
go ahead and undertake space exploration on some
scale. Is that a fair summary?
The next part that we spoke about was the process. There seems to be a general agreement that
the process should allow exploration in some sort
of cooperative, international way. I think we shied
away from saying that it should be primarily isolated
national efforts, even though the USA is such a big
player, and there seemed to be a sense that we should
organize ourselves in some sort of coalition associated
with developing a system of systems, and that maybe
as part of that process we need to find a coordination mechanism – not a governance mechanism – but
a coordination mechanism that would identify what
those systems of systems would be trying to achieve
so that people could buy in and sign off for developing various complementary aspects.
Then moving on to the impediments, the strongest impediment I have been hearing is that we really
don’t have the public behind us or the governments
behind us to do any large-scale space exploration.
We are completely peripheral to the considerations of
what’s important to the nations.
Zimmerman: Including the nation that, at the moment,
is leading that effort.

… we have to find a linkage between
our ambitions in space exploration on
some sort of global cooperative basis
with the political agendas of
the various nations …
Doetsch: Yes. I think that is the impediment. So, what
one has to find is not only a nice process of how we
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can organize ourselves, but we have to find a linkage between our ambitions in space exploration on
some sort of global cooperative basis with the political agendas of the various nations – or, alternatively,
make the rationale so strong that the private sector
will decide that this is a good investment.
Rao: I think that the entire space operation we talked
about needs to be broken up into smaller steps. For
example, I would say that the first step should be an
announcement that our international effort will land
a man on Mars. The next step is to put up a small habitat, and so on. These are short-term goals, compared
to the thousand-year goal. Then you will find that
it will be easier to get the governments to commit,
because in time there is tremendous pressure behind
landing a man on Mars, and saying that what Kennedy did, the present president should do, and so on.
If you break it up into one-by-one pieces, I think
we’ll be able to get the commitments from the governments automatically. But to put the whole thing
in one basket, I think, would be difficult. One has to
have an elaborated program with the number of steps,
and take each step at a time.
Doetsch: I can either put that as a suggestion for the
process, which is to develop a phased exploration
program, or I can put it under impediments, saying
that there is no coherent approach that is currently
developed, and one should be.
We’ll put this into the process – that in order to get
the public interest, we need to develop a phased exploration program that can be joined by various nations
and that has feasible, actionable targets that can be
achieved within the timescales of their interests.

Were you also saying that somebody needs
to commit to perhaps providing the backbone for
such an objective, so that people have something on
which to hang their contributions?
Patrick:

Rao: Yes. I think that once we have the various steps
defined, you’ll find that it will be much easier to follow.

With the amount of time we have today,
we haven’t fully addressed this question of how one
engages the support of the respective countries to
have a sustained exploration effort. That could take
us a week, just among all of us, and we would still just
Zimmerman:
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scratch the surface.
One of the few advantages of taking a thousandyear perspective is that we can make the assumption
that in that period of time the momentum will build.
Whether it’s 50 steps or 100 steps or 10,000 steps, and
whether the drivers are fear of the extinction of our
planet or profit because of some great new opportunity in another celestial body are perhaps irrelevant at
the moment. But I think there will be a lot of factors,
and we just have to recognize that momentum needs
to build to have a sustained exploration activity.
Doetsch: I think your suggestion is that as well as
having this developed, phased exploration approach
that’s been suggested by Professor Rao, we need to
have some broader, longer-term goals to which this
phased approach is aiming.

What do we really mean by
“international cooperation”? What
is international likely to mean a
millennium from now?

A thousand years is a long time. Let me turn
to a question that has both an impediment side and an
advantage side, and that is: What do we really mean
by “international cooperation”? What is international
likely to mean a millennium from now?
What is now the United States, only 200 years
ago, were 13 colonies with different interests and different traditions, and certainly in the War of 1812,
they had different views about what was in their best
interests – and it was unified. We’ve seen, since the
end of the Second World War, unification within
Europe, although the last couple of weeks it’s not clear
that that’s ever going to happen. So, without turning this into a political discussion, you have to ask
in this context of unifying for space exploration and
the organizational issues: What is it that is going to
draw people together, whether they are countries or
organizations? One is greed. That’s fine; greed leads to
economic development, technological development,
research and development, and so forth. Greed has
led to the globalization of the modern economies,
and that has a number of advantages to all of us. Some
disadvantages as well.
A second is security. We’ve seen international
Young:

cooperation in technological development in organizations like NATO, because it was considered to be to
the mutual advantage of countries to do technological development together rather than independently.
Where I don’t see the clear advantage and the clear
movement toward international support is where
there is no security or economic advantage, and that’s
called science. Why is it useful for me as a taxpayer
in one country to work with a taxpayer in another
country to allow a third scientist to do research that
will allow him or her to publish a paper? As a scientist I firmly would like to see it happen, but it’s very
hard for me to see the many billions of dollars being
allocated internationally strictly for the support of
science, although I wish it were the contrary.
Doetsch: Can I broaden science to mean the search
for knowledge?
Young:

Yes.

Doetsch: So, you don’t think that the search for
knowledge is international; it’s basically a national,
competitive thing?
Young: I think it is international, but we pay for it
through our own national treasuries. I see it as an
impediment.

Okay. So, the impediment is that science, at
the moment, is funded on a national basis; exploration and the search for knowledge are international;
how do we sync those together?
Doetsch:

Young: Let me pose the question: If instead of having a National Science Foundation as an American
contribution, we had an International Science Foundation that taxed each and every individual all over
the world, how much enthusiasm would there be for
it? Would it fall as flat as an International Foundation
for the Arts?
Patrick:
Young:

Does everybody pay their UN bill?

No.

Doetsch: I think there’s a lot of reluctance for nations
to give hard cash to another international group to
manage. That’s really what it boils down to.
Young:

I see that as an impediment.

Doetsch:

mary?
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… finding funding for that asteroidmoving mission should be a lot easier
than finding funding for a more
nebulous exploration mission …
Patrick: There’s a set of technologies required for
exploration, and a very similar set of technologies
are required for moving an asteroid that we may or
may not eventually discover is headed for the planet.
I would submit that finding funding for that asteroidmoving mission should be a lot easier than finding
funding for a more nebulous exploration mission
that required international partnership. Yet I think
it would still be a very difficult thing to do, because
nations would be free to say: “This is going to get
done anyway, whether I contribute or not.”
Young: I think the asteroid issue is the same as the
security issue. Just as NATO was formed to avoid a
potential nuclear disaster, an organization could be
formed to avoid a potential Earth-wide disaster.
Rao: I think that the question of international cooperation will really come true (I hope) by the end of this
century, simply because of the fact that almost every
model has come to the conclusion that by around
2050 or 2060 there will be a population stabilization
– that is, zero growth. By that time every country has
come to a steady-state population and they can see
how they are doing. Therefore, quality issues and various other problems connected with population will
cease, and it will give more time for them to think
how the world can operate collectively.
Zimmerman: There is the argument, although I’m
sobered by what Larry says, that the space station
is an example of a unifying, peaceful, technological
cooperation, and that countries in their infinite wisdom over the future years will see fit to increasingly
devote their resources toward peaceful technological and scientific activities done in a collaborative
fashion. Not necessarily in a single one – a system of
systems clearly makes sense, because that allows for
one country to do its own thing in a certain area, and
for other countries to collaborate, and for very unique
partnerships to be created that don’t exist today.
Nevertheless, one can imagine a multi-tiered
arrangement where the sum total of that is collabo-
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ration in exploration, and that countries actually do
contribute because they see that this is the peaceful
way forward for the world.
Doetsch: Okay. So, on the question, “Do we have a
rationale for space exploration from the environmental/social point of view?” the answer is yes,
based on the increasing robustness of Earth systems.
I would like to put in that space exploration is part
of achieving sustainability, because that’s a word that
politicians understand. And also deal with the curiosity and motivational aspects, which is what I’ll call
“the search for knowledge,” which is an important
part of that as well.
Rao:

Feeling for adventure.

Doetsch: Okay. In terms of the process, we’ve agreed
that an international cooperative program is the one
we would like to have, through some sort of coordinated system. It requires a phased approach to be
developed where people can join in, but we do need
to have some longer-term framework established that
shows where the collective effort is trying to go.
The biggest impediment that we see to moving
forward at the moment is that we do not yet have
the political or public awareness of the value of this
activity. It’s not yet linked to the major agendas of
governments. And there is the challenge of funding
science and the search for knowledge out of national
programs in an international field.

We have perhaps deliberately stayed away
from the technical challenges, which are significant.
Young:

Doetsch: Yes, we should note that this focus has been
very much on the environmental and social challenges, but, of course, there are significant technical
challenges. However, we also have complete faith in
our industry to sort all of that out.

Karl, that’s an excellent summary, but I want
to pose a hypothetical: Suppose we were meeting here
in Bellevue at the Dinosaur Hilton and we were leaders of the dinosaur community. And suppose that we
were told, as Nick just said, that there’s a high probability of an asteroid collision – that it is coming
– and one of us said, “Well, what’s the worst thing that
can happen? The worst thing that can happen is that
the Earth is going to be transformed; our species is
going to be eliminated; the dinosaur kind is going to
Young:
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be gone once and for all – but not to worry. We will
be succeeded by some other biological evolution and
maybe that’s not so bad.” We at least ought to consider
that analogy.
Rao: I think that if the dinosaurs had known, they
would have done something.

Young:

And then we wouldn’t be here.

Doetsch: With the start of this argument, we are
now going to finish off this session. Thank you very
much.
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… the size of the crew should be
designed in order to have on board
all the main backgrounds needed
for such a mission.

Yolanda Berenguer
Adam Bruckner
William H. Calvin
Karl Doetsch
Jean-Jacques Favier
Krishnaswamy Kasturirangan
Pierre-Alain Schieb
Peter D. Ward

… this is the time to bring up items
that we would like to discuss … genetic
alteration, selection of space travelers,
the question of allowable risk …
Young (Lead): The discussion group is on human
adaptation to long-duration space flight. Our first
order of business is to decide what areas we wish to
discuss within that overall topic. I made a list of a half
dozen, but this is the time to bring up items that we
would like to discuss. I wrote down: genetic alteration,
selection of space travelers, the question of allowable
risk (which is tied to the issue of bioethics), radiation
protection, radiation damage, and artificial gravity.
Calvin: “Long duration” had better include social sta-

bility.

Ward: If it is very long duration, another is reproduction in space, because generational space flight
is certainly something that one could envision if we
don’t have those really fast drives.

Favier: I just was on a short mission, compared to
what we are talking about now. I spent only 17 days in
space, which is already something, especially in space
travel, because the room is very limited compared to
stations or bigger infrastructures that we could have
for these kinds of trips.
I think that the size of the crew should be designed
in order to have on board all the main backgrounds
needed for such a mission. So, you would probably
include a pilot, because even if the mission is almost
fully automatic, you should be prepared for a manual
piloting phase in case of failure. You should probably
have an engineer, someone able to repair or to take
care of the material. You should have people with the
scientific background related to the goal of the mission; for instance, if we go to Mars, a geologist should
be part of it. If we are looking at exobiologies, a biologist should be involved. And we will probably perform
some in situ studies: measurements, experiments,
or even interpretations of the results, so we should
have experimental material to do so and people able
to manage that and to make the right interpretation
about what it’s all about.
Young: What would be your guess as to an appropriate crew size for the first Mars mission?
Favier:

I think five to seven should be the right size.

Young: Let’s hear from others about the question of
crew size and skill mix, and then we’ll turn to gender,
age, international background, and so on.
Berenguer: My question is: Can one bring in primates as part of the crew on this mission to Mars?
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Would that help in any development when studying
artificial gravity? Wouldn’t that help advance in further knowledge and scientific advancements?
Young: I’m assuming you mean nonhuman primates,
since we are primates too.
Berenguer:

I’m talking about apes.

Young: My own opinion is that there is great advantage in using primates for research on things like
artificial gravity. In fact, I think it’s a great shame that
in the United States we are prohibited at this time
from flying primates, but fortunately our Russian
friends can still do it.

The primate is one, but you can
make a choice of a few species to take part in the first
set of trips to Mars. What would be the way in which
the choice of the species will be dictated? One is, of
course, a process of evaluating independently the
microgravity, the radiation environment. The second
one is the interrelationship between the species in a
new settlement. What would be the social and cultural aspects?
Kasturirangan:

Young:

pets?

You’re talking about bringing test animals or

Kasturirangan: Yes. Test animals and pets. So, what
would be the kind of choices one would make? Is it
going to be only humans when we talk of settlements
outside the Earth?
Calvin: “Human Adaptation to Long-duration Space
Flight” is our topic.
Ward: I would think that in addition to the obvious
mix of specialists – this is way out of my field – but
don’t psychologists understand that there are certain
numbers…. I know that if you have a faculty of 10
people it acts very differently than a faculty of 20 or
50. You get small-group dynamics. There must be
an awful lot of research into small-group dynamics.
A mission of 10 would be very different from a mission of 5 because you would probably have two split
groups going up. What you don’t want to happen, of
course, is what happened on Biosphere 2. At the end
of Biosphere 2, not only did they have to get out, but
they ended up suing each other and wanting to kill
each other.
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Young: There is a lot of research going on and continuing on ideal sizes as well as ideal mixes. I can tell
you that there is not uniformity of opinion among the
specialists.
Let’s go back to Jean-Jacques’s description of
approximate size and skill set: five to seven people,
people who can fix things, people who bring scientific
skills, who bring piloting skills.
Favier: Add a medical doctor, or someone in charge
of health, including psychological health.

One advantage we have is that our
evolutionary history is one mostly
of living in small groups.
Calvin: This is basically like a sailboat race. You’re
talking about having enough people and having
small-group interactions. By and large, if you put 15
together right, you can do it for short periods. It’s the
long periods that are the problem.
One advantage we have is that our evolutionary
history is one mostly of living in small groups. What
is so alien to our upbringing is living in big cities with
90 percent of the people you meet every day being
ones you’ve never seen before and you’ll never see
again. Getting along in small groups, of course, is
managed by schemes like throwing people out of the
group, of completely shunning people who don’t conform.

… what are the scientific missions that
are absolutely necessary? … One is
definitely going to be a microbiologist
… Secondly, you’ve got to have an
igneous petrologist …
Ward: I’m also thinking about the specialists you
would want on Mars. Now, I count here that you have
to have a pilot; you have to have an engineer; and you
have to have a medical specialist. Those are the three
absolutely required. And probably a psychologist
would be good, too, but maybe the medical specialist
is a psychiatrist who can do both.
But of the scientists, now, what are the scientific
missions that are absolutely necessary? (Let’s say that
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we have one shot at Mars.) There have to be three of
them. One is definitely going to be a microbiologist.
You’re going to have to have someone who can take
cores, who can go down and see if there are bacteria.
You’ve just got to have that.
Secondly, you’ve got to have an igneous petrologist, a geologist and probably one with a specialty in
impact cratering.
Third, you’ve got to have a paleontologist. The
greatest possibility of life we’re going to find will be
fossils. And, unfortunately, geology has gotten so specialized that you can’t have a paleontological igneous
petrologist. So, you almost have to have three separate scientists.
May I add astronomer to this,
because you’re in a new place and you have to have
a feel of the heavens. An astronomer could be one of
the important components.
Kasturirangan:

Ward:

I would disagree. I think you could …

Calvin:

point.
Ward:

… stay back on Earth and tell them where to

But the geologist you have to have.

Young: I’ve had others that I met when I was an astronaut that reported that having a woman on the crew
made the entire crew more civilized.
Favier:

Yes.

Young:

What about couples?

Favier: It’s difficult to say. I don’t have any experience
with that, of course. I’m not sure that it is a good thing
to have couples, because you want to have just a single
crew, and, therefore, good relationships between the
crewmembers are important. To have couple relationships would probably not be as good as you might
think.

Using the Mars mission as our reference, you
know that radiation is a significant threat. Clearly,
people who have not yet had children, especially
women of childbearing age, are at greater risk for the
results of radiation damage than others. In your opinion, should they be excluded from a Mars mission?
Young:

Calvin: I would say that it would be their choice.
There are all sorts of frozen embryo-type options that
they could take these days as a precaution.

Young: Let’s move on to the questions of gender mix,
age, and culture.
Favier: As to gender, on my mission we had one lady
astronaut and six males. We knew each other because
we had 18 months of training all together. We were
very close. As part of the training before the mission,
NASA made it such that all the seven families were
close together during the 18 months – not only the
professionals and the astronauts, but all the families.
It helps for the family to stay together, but it helps also
for us because we know most of the private lives of
each of us.
Young: In your opinion, should it be a mixed crew,
and, if so, how would you arrange it?
Favier: The fact that we had one woman in the crew
was something very positive, I confess, because our
mission was nominal, so we didn’t had to fight against
adversity and big troubles. But nevertheless, from
time to time, due to the pressure, some of us had some
small fights, and the fact that we had a woman with
us made us quieter, I would say, because we wouldn’t
fight in front of her. So, it helps, I think.

… the ideal age for the crew … the 40
to 50 age range is probably the best
one for several reasons.
Favier: It is a matter also related to the ideal age for
the crew. It seems to me, and this is more or less what
is said also in Houston, that the 40 to 50 age range
is probably the best one for several reasons. One is
what you just mentioned: The people wanting to have
children might have done it before. The second is the
stability of the health and the psychology. This seems
to be the best age to be stable because you are mature
enough and you are still in good health. So, I would
take people age 40 to 50, and in that case the issue of
fertility is no more a problem.
Young: Finally, what about the international mix? Do
you have any comments on whether the flight should
be an international one, in terms of crew, and what
would be the potential difficulties in handling adversity or handling authority?
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Ward: I would think that as long as language is optimal among all the people … problems arise through
communication problems.

hard to know each other and, second, to know how to
communicate within a small, confined space.

Young: There were such problems on Mir, particularly
during the period when there were two Russians and
one American. It’s one thing to have language at the
level of being able to exchange technical commands;
it is quite another to converse socially.
What I hear, in terms of the psychosocial issues,
is: Sufficient training, sufficient knowledge of one
another, and sufficient ability to communicate are
more important than national origin.

and talk about countermeasures against microgravity.
This morning I emphasized artificial gravity, which
is what I’m working on, but, as you know, there are
other approaches. Let’s discuss that for a bit. Is there
a need for advances in countermeasures? Are there
candidates, either conventional ones like exercise or
unconventional ones like genetic alterations, that are
up for consideration?

Schieb: I think that we know enough about psychology to make sure that we have a set of personalities
that are not only matching each other, but also could
help to face any kind of a difficult situation. If you
run any kind of organization, you know about teambuilding psychology. I am not a specialist, but I would
believe you can find personalities that are complementary to each other.

… if we believe that exploration is
something that belongs to all people,
we should try very hard to have an
international mix …
Doetsch: In terms of the nationality mix, I’m convinced that if we believe that exploration is something
that belongs to all people, we should try very hard to
have an international mix so that all people on Earth
can feel that they are involved and engaged in this
process. I would think that this is a strong driver for
moving towards an international crew.

… by then, there will be one strong …
language that everybody can speak.

Berenguer: I think that by then, there will be one
strong – maybe not one universal language, but one
language that everybody can speak. By that time, I
think that there won’t be any communication problems and no transcription problems – especially in
special missions like this, wherein people have worked
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Young: Let’s move now to the other end of the spectrum

In the case of an Indian cosmonaut
flying in space, there was a
very special effort to evaluate
the efficacy of yoga …

In the case of an Indian cosmonaut
flying in space, there was a very special effort to evaluate the efficacy of yoga, which is the Indian method of
practicing and concentration. He reported back, after
a week in space, that yoga was really controlling the
breathing and the whole mind concentration. Certainly it helped him to overcome what is called “space
sickness,” which is a very significant thing.
Currently there’s a very good recognition that to
keep the body and the mind in the proper frame in
different environments, one has to get to the bottom of
all the issues related to this on the scientific side, but it
is not fully understandable in the face of science.
The second aspect is there have been yogis, the
practitioners of yoga, who could, for example, go
without food for several months. They have demonstrated it in front of large numbers. In the more recent
past, we have had this verified, and there is considerable truth in it. A gentleman comes out, sits in the
sun, takes sippings of water, and doesn’t take food for
several weeks – and he’s as strong and energetic as
anyone who is taking food.
Now, what are the biological factors, the factors of
mind and other factors that we don’t know that enable
the human being to adapt to a new situation? These
kinds of inputs could be very useful. To me, it looks
like we need to create a very large database, understand it to the extent that current science enables us
to understand, and then also look at the future, parKasturirangan:
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ticularly in areas like neurophysiology and memory,
in terms of consciousness, in this area where there is
little known. This is needed because it could be very
much related to long-duration space flights.

What would be the genetic modifications that we would
see in humans for living for a long period
away from Earth?
Doetsch: I’m assuming that we’re projecting forward
to a thousand years from now, and that some of the
things that we’re currently talking about for countermeasures may no longer be important by the time
we get to a period of that nature. Perhaps I could ask
the question slightly differently: What would be the
genetic modifications that we would see in humans
for living for a long period away from Earth?
The human form of the lungs has been somewhat
optimized for this 1-G environment that is called
Earth. If we’re talking about long-term movement
away from Earth, what sort of changes would we see
– physiological changes at the very least, if not psychological changes – for sustaining long-term flight
a thousand years from now? It might be quite fruitful
for us to reflect on this and say: Okay, some of the
things that are the immediate problems that require
centrifuges to be built at MIT may not be so important by the time we get there.
Young: That’s a tantalizing question. Let’s restrict
the question to discussing long-term flight in which
one is going to return to a fruitful life on Earth, as
opposed to the science fiction of living out one’s life
in zero-gravity.
Shall we talk about the first one, that is, talking
about a mission in which the astronauts return to
Earth, and presumably must do so in a safe way? Or
do you want to consider both?
Doetsch: It seems to me that if we are, in fact, talking about a long time away from here, you shouldn’t
be exclusive in this regard, because it is quite possible
for people to have long-duration flights and to return
several years later. But they may have adapted.
Young: So, we’re in agreement that the question deals
with alterations in the human that would make for

easy tolerance of a long-duration flight and the ability
to return to Earth in an acceptably healthy fashion.

Would it help to start with someone
early, at the age of 5 or 6, and have a
very long training…?
Schieb: I have a question. In the sophisticated society,
we are very well accustomed to the fact that someone
can start at the age of 5 to play tennis with the aim of
becoming a champion at the age of 18. Would it help
to start with someone early, at the age of 5 or 6, and
have a very long training and other difficult adaptations that people would face? I can imagine that at the
age of 40 or 50 the adaptation is more difficult than if
you would train someone very early for that purpose.
And I would not see any problem of bioethics, since
this is what parents are doing to kids to prepare them
for professional sports 15 years later – so why not?
Young: Clarify whether you’re thinking of training that
alters the physical properties as opposed to mental.
Schieb: Maybe I could consider both: physiological adaptation to the process and maybe also mental
training. Dr. Kasturirangan spoke about yoga. I had
in mind also hypnosis or other techniques that could
help a person switch from one system to another one
or have a better, easier training.
Ward: I’m curious if very small humans might not be
a way to go. Our species can be three-foot tall. What is
the saving in terms of food consumption and oxygen
consumption? Very small animals, of course, sometimes eat more, pound for pound, but nevertheless if
you had three-foot-tall astronauts instead of six-foottall astronauts, you might actually make considerable
savings over long distance. We could easily breed an
astronaut core that are three feet tall. Now, I’m not
sure of the ethics of this.
Calvin: I guess I’m much more worried about the
social factors of having crews in orbit, whether stellar
or planetary, that collectively change their minds and
want to do something else. Let’s say that there is a situation on Earth that really needs breaking up and they
decide to crash their spacecraft to help it out or, heaven
forbid, follow an Aum Shinrikyo kind of thinking to
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take the Earth down so it can be regenerated the right
way. We’ve seen all sorts of things like this; they affect
educated people, technical people of all sorts. This is
not something we can easily get rid of.
We’re going to do a lot of selection of the crews,
but people change. They have little strokes; they have
metabolic disorders that develop because of the new
environment and that make them a little crazy. There
are an awful lot of things that can go wrong. Most
of the time this may not hurt very much, but there
are circumstances where it can make a big change of
direction. I think that there will be people, certainly
in Congress, and so forth, who will worry considerably about putting somebody up there on the high
ground with the ability to crash into whatever they
choose on Earth.
Young: First of all, this is not entirely hypothetical.
There have been public, published incidents of crew
revolts. One very famous one was during Skylab when
the crew essentially went on strike for a day and said
that they would not take any more orders. There are
others that have not been published.
But other than the issue of crew selection and crew
training, are there any comments? I’ll offer one. Both
on the Russian side and the American side, it has
become clear that the communication between the
ground and the flight crew has to be more open than
it has been in the past, allowing the flight crew to feel
that they have some control over their own destiny.
I would like to stay on countermeasures. We talked
about yoga and hypnosis and the possibility of training or even breeding appropriate astronauts. These
are all fine for the next millennium.
Let’s go to the issue of allowable risk. It’s clear that
space exploration has been and will continue to be
something that carries a higher risk than many other
human activities. It’s also clear that there have always
been people who are willing to take such a risk if the
rewards are high enough. What’s your feeling about
managing risk, about allowing the astronaut himself
or herself to make the choice, as opposed to having
the management decide what’s permissible?
Calvin: When you’ve got only one shot at it, and
everyone’s attention is focused on that shot, then
society does get very upset when you have crashes.
When you have a lot of shots at things, when you are
putting up a lot of missions, it will become somewhat
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different. For one thing, you will have people – what
The Wall Street Journal called the “thrillionaires”
– the Microsoft millionaires who decide to take a trip
around the Moon, and we will soon have some that
are terminally ill and decide to commit suicide this
way: They will go into space and conveniently arrange
not to return.
So, we’ll start having some deaths in space for various reasons. We’ll perhaps get used to the notion that
people, just like in bungee jumping, will choose a fair
amount of risk of being affected for the rest of their
lives, if not losing their life to this, but that’s true in
joining the army and quite a few other things.
When we think of the first few missions
of long-duration flights, such as to
Mars, one should not think of one craft
… There have to be rescue crafts …
Kasturirangan: When we think of the first few missions of long-duration flights, such as to Mars, one
should not think of one craft. It should be a formation
system. There have to be rescue crafts closely following and available within reasonable time to approach
the mother craft, and the ability to return to the Earth.
There should be a maintenance craft that’s going to
attend to problems on the main craft.
So, there has to be a way of configuring the mission not around one craft, but through multiple crafts
to ensure the overall reliability right to the point of
destination. This part of the concept is important in a
long-term mission.
Calvin: I would point out that in the exploration of the
continents, the Chinese were doing very well in the 15th
century, but they used hundreds of ships at a time to
explore the Indian Ocean. If it hadn’t been for a change
in the regime back home that became very conservative about not going anywhere and turning its back on
technology, they would have discovered Europe.
Even Vasco da Gama, in trying to get around
Africa, took three ships. And Columbus certainly did.
So, I think your point is very well taken, and this is
the way to spread some of the risk around as well.
Ward: But none of the mission scenarios I’ve ever
seen suggest this. In the NASA examination, the cost
is such that they don’t talk about multiple, they talk
about one.
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Should we insist that the
countermeasures that are provided be
sufficient to ensure that the astronaut
returns in as good physical condition
as he was in when he left?
Young: Should we insist that the countermeasures
that are provided be sufficient to ensure that the
astronaut returns in as good physical condition as
he was in when he left? In physical condition that is
degraded but still recoverable? Or even in a permanently reduced physical capability, such as what we all
undergo with normal aging?
Ward:

Or the one-way mission.

Young: Yes. For the moment, let’s stay on the level of
countermeasure protection that we think needs to be
required in terms of how healthy the returning astronaut needs to be. There are three levels to consider:
that he’s as healthy as when he left, that he’s degraded
but will recover with time and rehabilitation (that’s
the current situation), or that he may be facing a permanent reduction in health.
Doetsch: If you look at any adventures of exploration in the past, one has never laid out a condition
that says you must come back in the same condition.
You would not explore if you put that as your condition. You may even find that these people come back
in better condition to cope – you just don’t know that
at the moment. So, I think that you just have to be
fairly open on this one and recognize that there are
some risks for change, but not say that there must be
no risks for change. It will be a killer for any human
exploration if you put that condition on.
Young: Let’s take one specific example. As you know,
any radiation is bad radiation; more radiation is
worse. That is a case in which one can calculate the
increased risk of a tumor sometime during the life
as a function of the number of days that you spend
outside the protective magnetic field. That’s a case in
which we know that the returning astronaut will be
less healthy than he was when he left. Any thoughts
on risk levels?

… the safest way is if you apply the
same kind of metrics as we apply now
for chemicals …
Schieb: I think that the safest way is if you apply the
same kind of metrics as we apply now for chemicals,
as long as it is reasonably achievable. You would be on
the safe side, because this is what you would accept on
Earth today.
Calvin: We could set thresholds so that it wouldn’t
be worse than playing professional football. You’re
almost sure to come out of that with a bad back and
quite a few other things, but there are people who
choose to do it.
Young: I am not hearing anybody here saying that
we should allow for a return in perfect health, but am
I hearing you say that we should allow for a return
knowing that the individual will have some nonrecoverable degradation (I don’t say disease)?

The main thing here is to educate the
general public that these risks are
there, that there will be
some degradation.
Bruckner: I think that we have to face that. NASA
has become very risk-averse; society itself has become
extremely risk-averse. If we look at the explorers and
pioneers of the past, these sorts of issues never came
up in their minds. And I think we have to have an
acceptable level of degradation. When people go into
high-risk professions or sports, they know that there
are risks and they do it willingly.
The main thing here is to educate the general public that these risks are there, that there will be some
degradation. When I fly to London, I don’t feel as
good when I get there as when I got on the airplane,
necessarily, but I can recover from it. I think it’s an
education issue, because otherwise everybody will
just scream bloody murder at the slightest thing that
happens. I can just see, for example, on another issue
entirely, space tourism, that the first space tourist who
dies in space will kill the program. That kind of men-
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tality needs to be educated out of people.
Young: On the last aside, I believe that the first space
tourist who is killed in space will increase the number of applicants enormously. I think it will add to the
sense of adventure.

Maybe it will increase the number of
applicants, but it will increase public opposition to it.
Every time there is some high-risk activity that results
in casualties, there’s always a human outcry.
Bruckner:

Calvin:

Racecar drivers.

Bruckner: But racecar drivers have been around for
110 years, so it takes time.
Young: I take, as the central point, that we must deal
with the notion of an acceptable level of risk, deal with
the notion that people are likely to return in poorer
health, and it may be permanent. And it requires an
education of the public and also the funding agencies
that this is acceptable, assuming that the benefit is
commensurate with the cost.

I would like to put a current perspective on
this, too, and that is insurance questions. Obviously,
the commercial aspects of insurance could completely
kill exploration if you cannot have a waiver of liability.
Doetsch:

We are talking about the 30-month-mission
scenario, which is an exploration mission dealing
essentially with scientific goals and trying to get a benefit for society. What has been said already is that it will
be international, and all the skills that should be on
board. But if you want to get support from the population, I think you cannot design it like a suicide mission,
meaning that you are pretty sure that the astronaut will
never come back or will be in such poor condition that
he won’t be able to do anything after.
So, the Option 2 mentioned earlier, that is, the
astronaut is not maybe in the same condition that he
had before leaving, but recoverable with the scientific
knowledge we have of our physiology. This is acceptable.
There are some criteria for other jobs, like people
working in nuclear plants, for instance. There are
regulations and this is very comparable with the situation we will have there. But, again, don’t go for the
scenarios of the suicide mission.
Favier:
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There is a difference between longterm risk aversion and short-term.

Calvin: There is a difference between long-term risk
aversion and short-term. For example, I won’t buy a
car that doesn’t have side curtain air bags because I
know that there’s 50 to 75 percent reduction in fatalities in side-impact crashes. I would not routinely ride
around in the back of a pickup truck, but if that’s the
only transportation available in Ecuador, I may do
it. Things that you can tolerate for short periods of
time, like a river trip, for example, where you’re on the
Colorado River for a week or two, and there are some
dangers of being thrown out and hitting your head, I
may undertake, but if I were a boatman on this trip
and doing this every day, I would wear a helmet.
There’s a balance in whether we’re talking about
risk aversion for short-term risks; this is not the way
you’re going to live your life in the long term. The
problem is that in our society there are many people
who live just for the present day.
Young: Let’s turn to the major topic of radiation
protection. I think most of you know the facts, the
radiation sources, the increased risk with increased
time away. And we’re talking now only about extraterrestrial, outside the Earth’s magnetic field. If we ever
do talk about exploring other parts of the solar system, where the radiation load is higher – for example,
in the vicinity of Jupiter – then it gets even worse.
What are your comments on directions that should
be explored at the research stage now on shielding
– conventional or unconventional shielding, electromagnetic shielding – or other ways of dealing with it?
Ward: Isn’t there a tremendous amount of information
about this from the various militaries that subjected
their own soldiers and, in some cases, as in Washington State, their own citizens, to controlled radiation
release? Surely there’s a huge military understanding
of this.
Young: I believe that almost all of the large-population data is from Hiroshima and Nagasaki. That’s a
strong database that continues to be mined. I think
that all the others are small numbers and incidental.
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Favier: There is a lot of data coming now from the
people who worked on the tests of nuclear bombs in
the atmosphere 30 years or 40 years ago. In France, in
particular, we did that in different places, and in the
United States you did, also, so we have people complaining now that they got sick because of these tests.
There is a lot of data coming now that we could use.
Doetsch: I think the other data source is obviously
Chernobyl. There’s a lot of information there.

… the most dangerous particles are
not the protons or the gamma rays, but
are the high-energy, heavy particles:
iron or heavier, ionized particles.
Young: Yes. As Peter suggested, let’s concentrate on
defenses and mitigation. In particular, I would like
to hear from anybody who has thoughts on the electromagnetic shield. Very briefly, this is a very old
idea, that if you could create your own magnetic field
around the spacecraft, then you would deflect the
particles. By the way, the most dangerous particles
are not the protons or the gamma rays, but are the
high-energy, heavy particles: iron or heavier, ionized
particles. So, it would take a strong magnetic field in
order to deflect them because at the speed that they’re
coming in, if you merely slow them down you’re
doing more damage than benefit because of the secondary radiation.
The simple notion is to put a big magnet around
you. Well, that’s very hard to do when one of the
techniques being discussed is using superconductors in order to be able to have a continuous flow of
a very high current. High-temperature superconductors are being developed. They’re enormous; they’re
very expensive. They’re being built in Switzerland, I
believe. Small ones are being used as part of the Alpha
Magnetic Spectrometer experiment scheduled for the
station. The question is whether it’s, in your opinion,
worthwhile putting significant investments into that
technology.
Kasturirangan: You said that the iron and high-Z are
more lethal than the protons and electrons in the case
of radiation. One of the characteristics of the high-Z
particles is that they are more amenable for absorption. So, for the level of shielding – compared to

electrons or protons – these particles are much more
difficult to shield. However, protons and electrons are
much more prevalent. The high-Z particle distribution is, say, thousands of times lower than what you
have for protons and electrons.
Are we addressing the question of high-Z particle
requirements of shielding as the basis for protecting
against radiation?
Young: I am outside my specialty but nevertheless
my understanding is that the high-Z particles are
very difficult to shield, even though they’re particular,
because they have so much energy that a few centimeters of aluminum merely slows them down. As you
know, when you accelerate or decelerate a charged
particle, you emit secondary radiation, which is damaging. What happens is that the particle passes right
through the tissue, knocks out some cells, perhaps
some neurons, and goes out the other way. The concern is that, in the process of doing so, it increases the
probability of tumor development.
Observer: Is there any potential, instead of trying to
prevent radiation damage, to pursue instantaneous
repair thereof?
Calvin: I think that is, indeed, probably what will
solve the problem. If we’re going to talk about the
thousand-year future in particular, I think that we’ll
make a lot of progress in repairing genetic damage
to somatic cells. We’ll be able to handle that. For the
germline issues, I think we’ll handle those by putting
frozen fertilized ova into massive shielding to carry
it along.
Those aspects of adaptation we’ll be able to handle;
I’m not equally confident that we’ll be able to handle
mental problems like depression developing in space
and all of its consequences.
Young:

Anything else on radiation?

… radiation … the best idea I’ve seen
to date is to shield with water.

Favier: Under radiation, there are two ways you mentioned to try to protect the crew. You can try to shield,
but the best idea I’ve seen to date is to shield with water.
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You get some kind of pool, and you put the crew in the
middle, just like what you have in a nuclear plant. The
water can be reused afterwards for drinking.
The second technique of the electromagnetic
shielding is a good idea, but the problem is the mass
of the system that you have to put in place. I remember the first calculation by the promoter of this – it
was tons of material, including copper.
So, I think that the shielding by an electromagnetic
field is a good idea, but if we take into consideration
all the concerns related to the mass that you have to
launch, I don’t think it is very realistic unless you put
in place a small cage to put the crew in, in case of
sunstorm. When you know that you will get a lot of
radiation coming from the Sun – by the way, you have
to have on board all the instrumentation to be able to
detect any sunstorm. In that case, if you can imagine,
you need to have just a small room where you put the
crew for a few hours. If not, I think the shielding by
water is probably the best.
Young: My question is whether, in the opinion of this
group, that’s a direction that is worth pursuing if we
want to try to reduce the lethality of human exposure
to space travel beyond the Earth.
Bruckner: I think that until we get true room-temperature superconductors and the order of magnitude
of the cost has been reduced by at least two orders,
it’s probably not viable, although I think it should be
encouraged.
I would prefer passive means to active means.
Active means sometimes have ways of becoming
inactive, and if you lose your magnetic field, you
are toast. I’m not sure how effective water or heavy
hydrogenated plastics, like polyethylene, are in stopping heavy nuclei like iron. They’re great for stopping
protons because the mass of the proton is similar to
the hydrogen, but I don’t know what’s really effective
against heavy nuclei. I’ll defer to others who know
more about that. But I would think that at least in the
near term – “near term” meaning 50 years – probably
some kind of passive system would win out because
we can afford it and because it, too, will have mass but
probably significantly less mass than an active superconducting system with today’s technology.
Young: If there are no other comments on radiation
protection, I want to bring up one thing that we did
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not have on our list, and that is life support systems
and, in particular, fully closed, biologically closed, life
support systems – raising your food as well as recycling your water and air.
What is the characteristic size or
dimension of a fully closed system
that will work? Maybe Biosphere 2
was simply too small.
Bruckner: I wanted to comment on that particularly,
because it’s been going around in my head since Peter
talked, at the dinner a couple of days ago, about the
fully closed system Biosphere 2 represented. One of
the things that we don’t know yet is: What is the characteristic size or dimension of a fully closed system
that will work? Maybe Biosphere 2 was simply too
small. That’s my suspicion.
We can make very simple closed systems. You can
go to a science store and buy a sphere of glass filled
with water and air, and you put it at your window. If
there’s some brine shrimp or something in there that
lives and is symbiotic with the plants, it goes hunkydory as long as it gets X number of hours of sunlight
a day. But we are slightly more complicated beings
than these miniature shrimp. There is a lot that we
don’t know yet about a fully self-contained and selfsustaining biospheric-like system. And I think that at
least for the foreseeable future, we will need external
intervention, using up consumables, and so forth,
to augment whatever we can do that’s partially selfsustaining. So, yes, let’s use biology to our advantage,
where we can, but let’s not count on it doing all of the
work.

… it is unimaginable to think about a
long voyage in which you bring all
of your supplies.
Young: So, regarding closed life support systems, we
have Adam’s question – how large does it have to be?
– and his opinion that for the foreseeable future we
would need external replenishment. Let me propose
that a fruitful area to go in is large, full-scale systems,
as an experimental basis. I, for one, was very dis-
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tressed when the one in Houston was closed down to
save money. However, that’s short term and political,
and we’re supposed to be thinking further out.
To me, it is unimaginable to think about a long
voyage in which you bring all of your supplies.
Bruckner: That’s absolutely right. And that’s why we
won’t be making long voyages until we really solve this
problem. Going to Mars is fine; I think we can solve
it with consumables. Staying on Mars, augmented by
in situ resource utilization, and so forth, some biological life support and consumables – we’re talking
about maybe several hundred days. It’s when we start
talking about years that you’ve got to have something.
But we don’t know what that needs to be.
You can argue that there are small islands in the
Pacific and in the Atlantic that are completely selfcontained, but they’re not, because they interact with
the environment around them. There’s an almost infinitely large sink of water and air and air currents, and
so forth, that interact with this small ecological niche
that appears to be self-sustaining.
So, the question, again, is: What is the minimum
size that you have to have, and what does it have to
have? In Biosphere 2, they tried to mimic everything:
oceans, forests, jungles. Maybe it turns out that you
don’t have to mimic everything. How do you deal
with nitrous oxide generation? Well, on Earth it’s fine.
You get a breeze off the ocean and that blows it off,
and some fresh air comes in. This is where I think
somebody’s got to do a lot of study to find out what
it takes. We need to do more experiments. We need
to do more biospheres. That’s why it’s very distressing
that Biosphere 2 was closed down. There were lessons
learned, and then poof! What next?
Ward:

Nothing next.

Young: What we’ve not talked about is hibernation or
reproduction in space.
Favier: I would like to hear Peter on the subject of
hibernation.
Ward: Hibernation isn’t my field, but I certainly know
that people are worried about it and that experimentation with higher nervous systems shows that
it doesn’t work well. Good central nervous systems
of mammalian grade or larger don’t come back well
from long-term hibernation. Bill would know more

than I about that. We’re not even close.
Have a number of things going, with
the assumption that nearly all of them
are going to fail. Have the philosophy
of learning from your mistakes …
Calvin: I agree with your skepticism there. I think we
need more of a philosophy of tolerating failures but
also spreading our bets and doing a lot of things at the
same time. This philosophy of putting everything into
one project has got to change if we’re going to be very
successful. For example, if we are having a Biosphere
3, 4, 5, etc., what you really want is Biosphere 3A, 3B,
3C. Have a number of things going, with the assumption that nearly all of them are going to fail. Have the
philosophy of learning from your mistakes, so make
as many mistakes early as you can.

We certainly know how to do that.
We also had on our list discussion of reproduction
in space. Presumably what’s meant there is human
long-duration missions requiring multiple generations. Any comments on that?
Young:

What have been the data so far about
sperm viability in zero-G?

Ward: What have been the data so far about sperm
viability in zero-G? Certainly there’s been work along
those lines. Somebody, somewhere has been studying
how male sperm do in zero-G, and even in the radiation environment? Are they telling us?
Calvin: I still think that you solve this by taking
your generations with you frozen. That certainly has
to be the fallback position. I think that the multigenerational problem gets you into the whole issue
of rebellious teenagers, etc., so you have to provide
a great deal. Furthermore, the next generation may
not have the talents. There is the “regression towards
the mean” problem with successive generations. The
first wave of immigrants may be above average in IQ,
because they were the only ones with the versatility to
leave and do something different, but the second and
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third generations are going to tend to revert.
There are lots of things with multigenerational
issues. You have to provide all that higher education,
for example. Yes, we will have lots of ways of doing
that, but to customize them to the situation, you have
to take an awful lot with you to do.
… your crew mix … may become
rather less critical if whatever crew
we have has instantaneous access
to a database, forward looking,
backward looking …
Doetsch: I would like to raise a slightly different
topic. It’s very clear that the information systems are
becoming very pervasive now, and in a thousand
years we will automatically have access to knowledge,
information on any mission. We could do that very
easily. So, one of the questions, which really comes
back to the beginning – What should your crew mix
be? – may become rather less critical if whatever crew
we have has instantaneous access to a database, forward looking, backward looking, and so on.
The thing that I think we have to look at, as well,
in human adaptation to long-duration space flight
is making sure that those tools of information and
information transfer are readily accessible to any
long-term mission that we have, so that they can position themselves to be able to respond with all of the
knowledge that is available.
Young: That’s very relevant not only to the human
adaptation, but certainly to telemedicine. It brings up
the issue of the need for the most up-to-date information and guidance from other databases from the
world’s experts, running in the face of the time delays.
We’re not going to beat the speed of light. There will
be time delays, even to as near a neighbor as Mars.
Favier: Based on my experience, the four best events
during the day I had in space and to be distracted
from the job itself were, first, to look out the window.
But for the people going to Mars, the sky will be dark
all the time, so this is not a good thing for them.
The second was food. We had one dinner together,
all the crew, once a day, and it was the best moment
for all of us to get the people all together and to relax.
The third one was exchange of information. We had
the Internet already and we were able, with a webcam,
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to talk to the families. This is something that is very
important.
Young:

Was that talking by typing or by voice?

Favier:

Both, actually.

Calvin:

What year was this?

Favier: 1996. And the fourth one was to exercise
– bicycling, for instance. You can be in a bad physical
situation, but nevertheless you know you have a goal
and time is passing fast, and it is something that is
very important for the morale.
So, these are the four directions that you have to
take.
Young: Good. I propose that we conclude, following
your recipe by taking a look out the window, running
to lunch, and talking about what a fine time this is.

I cannot imagine spending 30 years on
a mission in confined quarters without
having some kind of release.
Bruckner: In closing, if you compare this to what
submarine crews go through, they typically spend
90 days under water. They have nothing to look at.
The conditions are extremely tight. The food – well,
I don’t know what the quality is. Miserable, probably.
And they don’t communicate with anybody because
they’re typically running classified missions.
I have a family friend whose son was a submarine
commander and told stories about this, and about
how good it felt to surface, to come out and breathe
fresh air, and to see the ocean and the sky. We’ve got to
somehow mimic those conditions on very long-duration missions. The classic “holoroom” or holographic
room where crews go in and actually experience everything, including all their senses – for mental health,
that would be extremely important to have on any
kind of extended mission. I cannot imagine spending
30 years on a mission in confined quarters without
having some kind of release. Regardless of how many
hobbies you have, you’ve got to be able to get away
from it, and that’s going to be tough, especially on the
children who are born on the mission. I don’t know
how we’ll deal with it, but somebody’s going to have to
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come up with something. Maybe we’ll have a virtual
universe within the spacecraft that allows us to experience all the normal things we do now.

Young:
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Robert Frisbee (Lead)
Adigun Ade Abiodun
Adrian Berry
Eric J. Chaisson
Virendra Jha
U.R. Rao
Christian Sallaberger
Michael Simpson
James Zimmerman
Frisbee (Lead): We’re gathered to talk about advanced

space propulsion: some of the issues, some of the possibilities, and also some of the limitations, problems,
or challenges we face. With that by way of introduction, is there anyone who has a specific point he is
eager to get out?
Abiodun: Dr. Frisbee, the fundamental question I
wanted to ask you when you completed your presentation, which was very exciting, was: What is your
conclusion? What is your recommendation? I didn’t
see the fundamental recommendation you are making in order to make the move forward in terms of
extraterrestrial exploration. Are you recommending
any propulsion in all these systems you proposed?
And if so, how do we accomplish it?

… what we need for the visions
we have – moving out into the
solar system and beyond – those
technologies quite often are somewhat
unique to the space application.
Frisbee: One answer is that if I knew the answer
to those questions I would be the head of NASA.
One of the issues we face is that there are very few
funding resources for advanced space technology
development, not just propulsion but almost across
the board. The commercial sector has been very good
about introducing advanced technology when it sees

a genuine business advantage. NASA makes a big deal
out of flying a solar/electric propulsion vehicle. Well,
the commercial industry had been flying solar/electric propulsion for decades, because it gave them a
better return on their investment. It gave them longer
lifetime in orbit, so they could sell their transponders
for that many more years. So, as much as anything, a
challenge we face is finding ways to fund and develop
the underlying technologies.
Part of the problem is that what we need for the
visions we have – moving out into the solar system
and beyond – those technologies quite often are
somewhat unique to the space application. Sometimes they aren’t. For something like fusion, you can
see a lot of terrestrial power applications as well as
space applications. But for other areas, it’s somewhat
unique. Finding a way to develop the technology is a
real challenge.

Fusion … is certainly a very practical
solution. For this I think we know the
technology and we know how it works.
Rao: I had the same question as Dr. Abiodun, but now
having heard you … it is true that electric propulsion
has been in existence, but I don’t know whether it is
really applicable unless one in talking of a long-term
mission for exploration, but not so much for the
manned missions. So, I am still left with questions.
Fusion is one; it is certainly a very practical solution.
For this I think we know the technology and we know
how it works. It is expensive, but it does not require
total reinvention.
Leaving that, I’m not sure what other possibilities can push us harder, for example, if you want to
produce the type of transit to, let’s say, Mars with
human beings. Even in the best scenario, we talk of
six months. I don’t know whether there is anything
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that is practical at the present moment and reasonably well matured.

… extraterrestrial propellant
production is going to be enormously
useful. Living off the land.
Frisbee: For the near term, some of these have to be
listed as possibilities, because, again, it depends on
what national or even international decisions are
made. At least in the near term, one can see chemical
propulsion for lunar missions with propellant production from the Moon – either water or even just
oxygen. If you pick up a rock anywhere in the solar
system, it’s about 50 percent, by weight, oxygen. And
most of the weight of a chemical rocket is oxidizer.
For Mars, there has been, and continues to be, a lot
of interest in using nuclear thermal rocket engines,
NERVA-type [Nuclear Engine for Rocket Vehicle
Application] derivative systems, because it has about
twice the specific impulse of a chemical rocket-type
thrust, and it can do very fast or relatively fast trip
times, for example, about a year to Mars.
Now, those would be primarily fast systems for
people. For cargo, you can afford the trip time for the
lower-thrust systems, whether it’s solar or nuclear electric. But much beyond Mars, you run out of options.
Even nuclear thermal doesn’t have the performance
to do very fast trip times until you get to extremely
exotic and advanced fission thermal systems, like a
gas core fission reactor. And that’s probably of the
same scale of difficulty as a fusion system, but would
give you probably comparable performance.
Other areas that are going to be very powerful, very
useful in the near term are aero-assist – especially for
Mars missions – and extraterrestrial propellant production is going to be enormously useful. Living off
the land. As much as anything, that will be an area
where we can introduce the technology, get comfortable with depending on the technology, knowing it’s
reliable, and then expand it out to doing other things
than just propellants.
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… the surface of the planet Mercury
would be a very suitable antimatter
production factory because of its
perfect vacuum.
Berry: Can we go forward a bit into the future and
try to do a bit of consideration of what an antimatter
industry would be like? My suggestion is that the surface of the planet Mercury would be a very suitable
antimatter production factory because of its perfect
vacuum. You could use it to construct antimatter. But
I’m concerned about scale. I don’t know how many
tons of antimatter you would need for a trip to Alpha
Centauri, for example.
Frisbee: We did a paper a couple of years ago looking
at antimatter propulsion. One of the problems is that
it’s not very efficient so you are going to need enormous amounts of propellant, like millions of tons of
antimatter. That’s an almost inconceivable amount.
Berry: I had suggested that 75 tons of antimatter could
take you to Alpha Centauri at 92 percent the speed of
light.
Frisbee: Okay. That may be possible. In the analysis
we did, it was much more discouraging.
Berry:

Where would I find that paper?

Frisbee: It was a Joint Propulsion Conference paper
from 2003. It should be at AIAA.org. Just do a search
for “Frisbee” in 2003. [AIAA–2003–4696]

I wonder if the real issue is: Are we
going to be able to find low-cost
energy to make that happen? – rather
than the technological means to use it.

When I was reflecting on this topic of
humanity in the next thousand years, and what things
are inhibiting humanity’s expansion into space, in the
near term I was thinking very much of launch costs.
After listening to your presentation, I’m thinking that
that view should perhaps be modified a little. You’ve
given a lot of interesting options for technology and
the way propulsion might evolve in the future. It’s
clear that some will work and some won’t, and we
Sallaberger:
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don’t quite know, but it’s almost the second-order
issue, because the key thing is that we’ll be able to find
a solution to those technological challenges.
But the one thing that I think you didn’t address
– you mentioned the problem, not the solution – is
the actual energy cost. It’s going to be tremendous
amounts of energy that are required to actually move
things out, regardless of whether it is nuclear propulsion or a laser beaming or whatever it is. So, to
really open up this expansion of humanity into space,
I wonder if the real issue is: Are we going to be able
to find low-cost energy to make that happen? – rather
than the technological means to use it.
Frisbee: I would wholeheartedly agree. Almost any of
these involve manipulation of enormous amounts of
energy. And there is a cost of energy – even if it’s not
directly in dollars – indirectly, at least, in terms of the
fact that that’s a resource that humanity would have to
divert from other business of humanity.
If we’re imagining an ideal world, everyone living,
say, at our current Western standard of living, that
means probably increasing world production by a
factor of five or six, just at today’s population. If you’re
going to the stars or just buzzing around the solar system, you’re using good fractions of the total energy
produced in a year.

… the double-edged sword: We need to go into space
because we’re running out of energy, and yet to actually
do that effectively, we need even more energy.
Sallaberger: I think the issue is even more convoluted, because one of the real drivers pushing humanity
into space is this limit on resources, the Malthusian
limits of society. It’s less the mineral resources, which
have been talked about a lot over the last day and a
half, and more the energy resources and the requirements of society for energy that will perhaps drive us
into space. It’s like the double-edged sword: We need
to go into space because we’re running out of energy,
and yet to actually do that effectively, we need even
more energy.
Rao: We have quite a lot of helium-3. If we have the
Moon as a staging point, I think the energy problem
could be solved. That may be the only way. Surely there

are no resources on the Earth that are meeting this
type of energy requirements, but with the helium-3,
it might be possible. And it should be relatively easy.
And we have plenty of it.
Frisbee: One of the arguments for going to the Moon
has been to mine the helium-3 and use it in aneutronic
fusion, either on Earth and/or in space. By reducing
the neutron flux, it makes it much more attractive for
a propulsion system because you don’t need as much
shielding. So, yes, definitely.
Even some of the interstellar concepts talk about
mining helium-3 from the atmosphere of Jupiter,
because there you need such enormous quantities.
That was the Daedalus Project from the British Interplanetary Society.
Christian’s comment is a very good one: It takes
energy to get into space to get energy.
Sallaberger: On the helium-3 issue, we’ve heard a
lot of talk over the last decade or two that helium-3
is one of the resources on the Moon that will drive us
towards lunar exploration. I’m not entirely convinced
about that. I think that there are many possible solutions to nuclear fusion. Helium-3 is certainly one of
the possible fuel sources, but I think it will be quite a
few years out before we actually have the energy production capability so that we actually will need the
amount of helium-3 that we can’t find locally on the
Earth. There’s enough here, certainly, to fuel the kind
of test reactors that we will need.
I think the Moon is much more interesting as,
perhaps, a driver moving us into space in the nearer
term. It is much more interesting as a source of oxygen and hydrogen and water, even as fuel sources, not
just to support life.

… we are not spending enough time
thinking about the possibilities for
achieving extraordinarily improved
efficiencies of energy.
Simpson: Early in the years I spent in the Navy, I worked
with a communications unit. One of the things that
struck me as an early lesson of that experience was that
the technical supervisors of the communications center where I was stationed, which was Newfoundland,
Canada, were required, as a kind of rite of passage into
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their new responsibilities, to tune a 500-watt transmitter so finely, so perfectly, so efficiently that they could
carry on a TTY communication link with Antarctica.
Some of these people achieved extraordinarily small
energy consumptions in order to complete a coherent
communications channel.
I’m wondering to what extent, as we look at these
energy budget issues in the thousand-year time
frame, we are not spending enough time thinking
about the possibilities for achieving extraordinarily
improved efficiencies of energy. In almost any calculation a thousand years ago of the amount of energy
it would take to do what we’re doing now, we would
see that it was more energy than humankind had ever
conceived of. So, to what extent is the notion of the
efficiency with which we convert energy into a useful
aspect as much a matter of discussion these days as
the extent to which we use energy in huge volumes in
order to achieve a solution to the rocket equation?
Frisbee: Right now we operate in an extremely
power-poor environment in space. A typical robotic
spacecraft might have 500 watts of power. The Shuttle
fuel cells, I think, are 7 kilowatts. The station is 50 or
100 kilowatts. Very small amounts of power, so they
really work hard to make them very highly efficient.
The other extreme vision is a very power-rich environment. That was something the project Prometheus,
a nuclear electric propulsion mission, promised us
for a Jupiter mission. We would have 100 kilowatts of
power, rather than 500 watts, like Galileo, in Jupiter
space. They were going to do things like the equivalent of ground-penetrating radar on Europa to see if
there was an ocean down there. Very different mindset. You tell a robotic science instrument person: “Yes,
you can have a kilowatt,” he says, “Oh, that’s wonderful! I get ten watts?” And you say, “No, you can have
ten kilowatts.” He says, “That’s great! Ten watts!”
Chaisson:

They don’t get it.

Frisbee: It takes a totally different mindset to think
in a power-rich environment, and that may be something that has to be worked on. People need to learn
to think big, to think on these large scales.
Simpson: What about going the other way to propulsion? Is it possible to get ever more efficient thrust
from your fuel sources? We’re talking about these
mammoth amounts of fuel. I’m wondering if there
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is an analogy here in terms of being able to get the
kinds of thrust that we need without having to carry
this incredible … you were talking about thousands
of tons of antimatter in order to make a reasonable
voyage to Alpha Centauri. You set a constraint that is
going to take 200 years of mechanical engineering to
resolve, not to mention what other problems of producing the fuel.
Berry: I think that antimatter is supposed to be the
most efficient fuel there is. And it couldn’t possibly
require thousands of tons because if that were the case
it wouldn’t be at all efficient. I would recommend that
more people study the practical possibilities of using
antimatter. The figure I have read was 75 tons, rather
than thousands of tons, to Alpha Centauri – which
might tend to be realistic.

… within the solar system, why would
any intelligent civilization … use any
source of energy other than its parent
sun, other than its parent star?
Chaisson: I would like to be a little bit more philosophical, for a moment, to get a little bit of distance
between us and the technical details. Note that I’m
an astrophysicist, so you might want to immediately
label me as a person who has his head in the clouds
– but my left hand is in technology. Like most physicists, I’ve sinned on behalf of national defense and
considered some wild technological schemes. So,
when I listened to Bob’s talk, which I found extremely
interesting and entertaining, I wondered, however,
how to evaluate it. I see a lot in the talk – and I mean
this with respect – that sounds like magic, so I try to
cut through the magic and evaluate what is realistic.
Is all of what Bob said going to come to fruition, all
these wild schemes? I kind of doubt it. On the other
hand, will any of them come to fruition? Well, probably one or two will. Maybe more. But how can we
evaluate it? How do we know now which technique
will be utilized for us.
If we can put aside, for the moment, the notion that
in a thousand years we’re probably not going to be
traveling as humans in space beyond the solar system
– that’s an assumption I’m willing to take on strongly
– it doesn’t mean that we might not send probes to
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Centauri, but I don’t think we’re going to be sending
humans beyond the solar system. Then I wonder if
we’re going to be operating within the solar system
to disperse the human species beyond the Earth. I
agreed with you strongly at the end that we’ve got to
get off the Earth.
You don’t even need to respond to this statement,
Bob, because it’s a statement; it’s not a question for
you. But, if the energy issue is key – and I think Christian has it right. We all have it right: Energy is the key
here. If you’re operating within the solar system, why
would any intelligent civilization, which I assume we
are, use any source of energy other than its parent
sun, other than its parent star?
Even if we are moving out at great distances, we
can focus things, though there are lots of problems
that come up when you talk about beaming dust. We
have always, in astrophysics, underestimated the role
of dust and scattering by beams. You say: “Well, go
to long wavelengths,” but then long wavelengths have
big beam widths. There are lots of technical issues, but
assuming they can be overcome, I still come back to
the notion of not needing a lot of the wild schemes
that you have suggested to us, if we’re going to operate within the solar system over the next mere one
thousand years.
Concentrate on how we, as an intelligent civilization, can use the free and available energy that’s out
there beaming at us isotropically every single day and
night, the Sun. Again, it’s a philosophical statement.
It doesn’t need a response, but anybody is welcome to
intellectually attack it.
Simpson: I don’t want to attack it. It’s a nice direction.
I don’t agree with the underlying assumption. I think
that it is highly likely that human beings, because of
their impossibility of being content with where they
are, would get as far as Mars in a hundred years –
even assuming that we have far more delay in getting
to Mars than we are currently talking about. And 900
years later would not have been driven by this kind of
sense that “I’ve got to get to the next step; I’ve got to
get to the next step.”
Chaisson:

The next step doesn’t have to be Centauri.

The genius of giving us a thousandyear time frame … is that it does force
us to get to this notion of:
How do human beings select
their destinations?
Simpson: It might not be Centauri. It might be farther.
It might be interstellar space. It’s likely to be the first
“this looks like a nice place to go” destination that we
discover with this capacity to look out 40 light-years
and see where we’re going.
Whether or not people have gotten there yet in a
thousand years is very different from whether they’re
on the way. Part of the propulsion issue is that if we
don’t know the speed we can go there, we don’t know
how long this trip is going to take; we don’t know
whether it’s an intergenerational trip. Nonetheless I
think that what it does say to us is that we recognize,
in this process of looking out at a thousand years, that
the question of destination becomes pretty important.
What drives the destination affects some of the choices
of propulsion, affects some of what we do in terms of
choices about human habitability and long-duration
space flight, and the one issue not really talked about
today, the whole question of reproduction. The genius
of giving us a thousand-year time frame (that we keep
resisting by trying to figure out how we get off the
planet) is that it does force us to get to this notion of:
How do human beings select their destinations? And
what are the likely choice points – looking at 2,000
or 3,000 years of human history – that are somewhat
predictable because at similar points of technological
uncertainty human beings have behaved very similarly. That behavior has essentially been to go as far as
they could go, out of a sense of fun, but fun driven by
the fact that human beings enjoy satisfying curiosity.
That is the one element, no matter what else changes,
with humankind’s ability to avoid war, to avoid conflict.
I think that the real driver is that there are going to
be curious people, high-energy people who are going
to find ways to make political cases and economic
cases to get enough resources to make the next step.
Take somebody like Brad Edwards, who is developing
the nanotube technology to try to make a space elevator. The chance that he’s going to make any money
on this in his lifetime is not a great MBA case study,
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but he is driven. And whatever happens – several
bankruptcies into the future, perhaps – he will have
advanced what we know about the engineering of
nanotubes into fibers that could have sufficient tensile
strength to deal with the stresses we’re talking about
in a space elevator.
What’s driving that? Maybe a desperate hope that
maybe he could get filthy rich from it. But in the near
term, it’s a sense that this is an extraordinary feat of
curiosity and he is feeding it, and that’s what is going
to be driving this. It is the one very basic sense that
we haven’t necessarily looked at but is utterly critical
to everything that we’re saying here about the choices
we make among technologies.
What is the future of solar sails, in
terms of development? Where are
we now? And, say, in another 10 or 15
years, where could we be…?
Abiodun: Let’s go back a little. My interest right now
is on the available source of energy. The issue of the
Sun being freely available has been mentioned and
you addressed that. You presented a case of Cosmos 1,
which has just failed, and the solar sails. The question
is: What is the future of solar sails, in terms of development? Where are we now? And, say, in another
10 or 15 years, where could we be in the area of solar
sails? How will that influence space exploration in the
immediate future, say, in the next 75 years?
Rao: You talked of the energy requirements of the
Earth. In that, I think that the most likely approach,
which is certainly feasible in terms of economics, is
to use geostationary satellites and beam the energy.
For that, practically all the technologies are proven.
In fact, experiments have been carried out on the
ground in terms of their efficiency. We have a good
handle on that.
Now, I don’t know that a solar sail can be used for
available energies. The trouble is that it is a very slow
system. But along with the helium-3, for example,
you have an enormous amount of deuterium and the
concentration of deuterium is almost three times that
on any other place. Therefore, again, you can use the
deuterium for the reactors and then one can certainly
create energy.
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With regard to the large solar disk, you can put
it on the Moon and then beam it into the microsystem. You will have no transmission loss because you
will essentially beam it to the places where you want,
where your energy consumption is very high. Therefore, you can have a number of disks beaming it in
different directions.
Chaisson:

I agree with that.

Rao: That is probably the only way, because that’s certainly feasible technology. We have a handle on the
cost, and we know that the economics of it have been
calculated, so we have a fairly good understanding of
the economics.

If you look at the possibility of
combining technologies, you could
think of a totally different system.
Jha: One of the things that we have not discussed is
the combination of technologies, because you said
in your talk either this or this or this. If you look at
the possibility of combining technologies, you could
think of a totally different system. Solar sails probably
can take you slowly but take longer for large mass.
If you think of solar sail-based gas stations or fuel
stations, and you don’t have to carry all the mass, you
could have an approach where you have periodic stations that are actually driven by the solar sails and
then a smaller mass carried that refuels itself. Is that
kind of concept possible?

My argument has been: Get all of this
power-intensive, pollution-intensive,
material-intensive processing off the
planet; put it in space …
Frisbee: Solar sails are very attractive because they
don’t need an external propellant source. All they
need is sunlight or laser light or whatever. As for using
solar energy, Adrian Berry mentioned earlier putting
an antimatter factory on Mercury. That’s an intriguing
possibility because the sunlight intensity is so much
higher. In fact, one of the original concepts for a laser
sail was to put the laser in Mercury, because the sun-
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light is that much more powerful. I guess the extreme
limit of that would be the Dyson sphere, where you
enclose the Sun and the solar system in a whole lot of
solar cells or heat engines, and use all of the energy
from the Sun. So, there are those possibilities.
Solar-powered satellites, either in Earth orbit or
at the Moon or in near-Earth space, are another very
intriguing possibility. I don’t know if the issue of what
it would mean to make that many solar cells has been
addressed. Making solar cells and the like can be a
very pollution-intensive process.
There’s also the question of energy. I have heard
it said – I don’t know if it’s true – that a nuclear fission power plant actually winds up consuming more
energy than it produces when you take into account
mining the uranium, extracting it, building the plant,
etc. It’s just a glorified battery.
Finally, let me remind you that the amount of
sunlight hitting the Earth is very significant, but it is
“only” about 10,000 times our current power level. My
argument has been: Get all of this power-intensive,
pollution-intensive, material-intensive processing off
the planet; put it in space, where you essentially have
unlimited vacuum and unlimited solar power – and,
with extraterrestrial resources, unlimited material.
Simpson: One question, in reaction to what you said,
relates to this earlier interesting idea of antimatter
production off-planet, particularly on Mercury. The
argument, of course, is that Mercury offers a perfect vacuum, but is it perfect enough to manufacture
antimatter? You’re in a neutrino field that’s pretty substantial right there, and one imagines that in the total
vacuum of space, one hydrogen atom could ruin your
whole day in an antimatter factory. So, what would
really be involved in that kind of construction? We’re
not talking about an open-air factory here – or, let’s
say, “an open-vacuum” factory.

Antimatter is the only fuel that we
know of that is 100 percent efficient.

Berry: I would like to hear someone else comment on
that, but just to repeat: Antimatter is the only fuel that
we know of that is 100 percent efficient.

Simpson:

Right, and that’s part of the problem.

Frisbee: The traditional argument is that it’s 200 percent efficient, because the matter is free. Currently
we produce good-enough vacuums on Earth to do
research, either in large facilities like Fermilabs or
even in small portable traps that NASA has been
developing.
The other issue about antimatter propulsion is that
in some ways it’s not efficient, which is very frustrating, because we need to use antiprotons, rather than
positrons, because with positron-electron annihilation you just get gamma rays. And there’s no easy,
practical way to focus that into a beam for thrust. But
with the proton-antiproton annihilation, you can get
charged particles and direct that. The issue there is
that you lose about 70 or 80 percent of the rest mass
in neutral subatomic particles, which then turn into
these nasty 200 MeV gamma rays. It’s like you have
a rocket engine that’s spurting out 8o percent of the
propellant sideways, so it’s not pushing you forward.
That’s one of the things that hurt – and also the fact
that you have to deal with a relativistic rocket equation if you start going any reasonable speed.
Simpson: Could you use a version of the old Orion
concept – actually have matter-antimatter annihilation behind the spacecraft so that it was really
working by the explosive power rather than by generating thrust?
Frisbee: In Orion, the original concept was to use a
fission bomb that would explode. Part of the energy
and debris from the explosion would hit a pusher
plate, and some of that would ablate, vaporize, and
give you thrust. That worked because there was so
much energy density from fission, but you’re still
throwing away a lot of the energy. Later versions
looked at using fusion bombs, so you could certainly
do an antimatter, anti-proton bomb. That’s basically a
photon torpedo from Star Trek.
Again, the issue is: How much energy are you losing just because you can only intercept a certain solid
angle on the pusher plate? How much is coupled to
the vehicle efficiently? Ultimately, when you start
looking at an interstellar mission, you just need enormous amounts of energy density, joules per kilogram.
And, again, that’s why antimatter is attractive.
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What would we invest in, on the
propulsion side, if we had the money
and we were looking out 100 years?
Zimmerman: Since we’re nearing the end of the discussion, I want to raise a question that probably isn’t on
the official agenda but it was something I was tempted
to do as a nontechnical person, and it relates to an
approach some of us took yesterday near the end of
our working group. That is to come back from that
thousand-year horizon to something closer to, say, 50
to 100 years, and to imagine, stimulated by your very
interesting presentation this morning, Bob, that we
had some fraction of the world’s resources to invest.
Let’s make ourselves the Board of Trustees to nurture
that investment.
So, my question to those of you who will venture a
comment is: What would we invest in, on the propulsion side, if we had the money and we were looking
out 100 years? If we were building that thousand-year
future but we were trying to make the most prudent
investments we could, what would we do?

… not only would there be the issue
of dreadfully making a mistake and
obliterating yourself with 100 percent
efficiency, but there is
the notion of shielding …
Chaisson: I know what I would do in the immediate
future. I would not move in the direction of antimatter, because not only would there be the issue of
dreadfully making a mistake and obliterating yourself with 100 percent efficiency, but there is the notion
of shielding in radiation issues, which Larry stressed
earlier in his talk. And the gamma ray production,
whether it’s half MeV or 938 MeV, whether it’s electrons-positrons or proton-antiproton, is going to be
adding to your radiation-shielding problem big time.
I think it’s pie in the sky – matter-antimatter for the
next century – unless there’s something basically
missing in the physics.
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… that philosophy is still using the same philosophy
that we have on the Earth: to mine things, to rape the
Earth, to rape the land, to dig things up as we go. Why
do we want to have that philosophy continue…?

I would suggest that if we’re going to be reasonable
about moving somewhere now in terms of funding
– or the Advanced Technology Office at JPL is going
to reasonably hope that whoever the director of JPL
is now can push forward something in Congress
– again, it’s natural to utilize the parent star. When
you say that you’re going to take helium-3 or deuterium from the Moon, when you talk about the total
greatest abundance in rock at the surface of many
localities being rich in oxygen, that philosophy is still
using the same philosophy that we have on the Earth:
to mine things, to rape the Earth, to rape the land, to
dig things up as we go. Why do we want to have that
philosophy continue, that we’re going to dig things up
as we go and extract matter or resources for energy
considerations when we have right in front of us each
and every day a magnificent source of energy that
nature has given to us, which is fusion, something we
haven’t yet figured out?
God bless Jimmy Carter: For whatever president
he was, he gave the incentives and the motivations, by
way of tax breaks for a while, to individuals and companies to begin to move in that direction. Then Mr.
Reagan stopped a lot of it. But I think that individuals
and companies and entrepreneurs will need that kind
of motivation and incentive. Maybe it is a tax break.
But that is the kind of thing, practically, over the next
50 to 100 years, that we need to jump-start this sort
of thing. I don’t think it’s wormholes; I don’t think it’s
moving white-matter things up and down elevators; I
don’t think it’s relativistic spaceflight. I don’t think it is
even necessarily correct to consider digging materials
up as we go.
Sallaberger: If we take Jim’s scenario of the 50- to
100-year horizon as a first step, I am fully on-board
with your thoughts, Eric, that solar energy is the way
to go. And I think that the financial means that Jim
said might become available probably would become
available for that. If we look at what the problems of
society are, where we are using – I don’t know what
it is now – over 10 terrawatts of energy now, or 12 or
13 terrawatts.
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Participant:

It’s 14.

Sallaberger: Fourteen already? It will probably
double within the next decade or two, and yet we’re
still producing around 90 percent of that energy from
burning fossil fuels. We need to address that, and this
kind of solution could.
Robert, I think that your point was the problem of
how do you build that many solar sails. Again, if you’re
going to go with a space-based scenario to solve that,
where you’ve got it in orbit or perhaps on the surface
of the Moon, you have the raw material for that – the
silicon, the oxygen – on the Moon, so you can build
it direct on the Moon. Even if you use that material
from the Moon into a lower Earth orbit, you still have
a much lower delta-v energy cost than fighting your
way through the atmosphere from the Earth.
So, there’s a space solution there. There has to be a
lot of financial resources to support that, just because
it addresses the broader, near-term concerns of
humanity. And then it’s the first step to open up that
expansion out into space.

… you have one problem with solar
energy … you need, again, storage,
and that is where the economics
has been killed.
Rao: If we’re talking of the energy to meet the energy
requirements of Earth, you have one problem with
solar energy. Solar energy is very thin and very low
density; on the other hand, it is free. But any system
that depends on the Earth is not a viable system. That
is, you can have photovoltaic, green power, solar
energy in different forms, but you need, again, storage, and that is where the economics has been killed.
Zimmerman:

A better battery.

Unfortunately, the progress in batteries has been
very, very poor.
Rao:

Chaisson: Nobody has invented a better battery in a
hundred years.
Rao: The only way you can have the solar energy is
by using the geostationary orbit – that, of course,
uses solar energy all the time. Accounting for a small
amount of eclipse time, which is not more than an

hour and a half, and that is only on very few days, I
don’t think that this is really a great problem to build.
We’re talking of 10-gigawatt systems or maybe 20gigawatt systems, and maybe 100 square kilometers.
Zimmerman:

Why haven’t we done it yet?

The capital cost is high. When the economics
has been worked out by all the people from the very
beginning, they can show you that over a period of
time it is not more expensive than the present systems, because cost per unit comes down to practically
the same thing. But the practical problem is that the
capital cost is very high. Everything is up front. Once
it is there, of course, there is no problem because the
lifetime is very long.
This is a problem with most of the power systems,
where the capital cost is very high. For example, that
is why nuclear power has acceptance in countries like
Sweden or France or Japan. Here, of course, there was
the Three Mile Island problem. Almost every nuclear
physicist agrees today that nuclear power is one of the
only ways we have of arguing priorities, that it is safe,
and so on. Where the capital cost is high, we get into
difficulty, but on the other hand, if you take it over a
period of time, actually the nuclear power is cheaper
– if you take not only the cost of the thing, cost to
the environment, and cost of the cleanup of the thing,
finally you find that oil is not cheaper. We have a serious problem here, but I think that nuclear power is
the right thing to do, and, without the solar power,
the best way to go to space.
Rao:

… I’m willing to assert that our
Number 1 problem is getting off this
planet … Getting something off,
against our gravity, is proving to be
the real challenge …
Simpson: Continuing with Jim’s question and following up on what we’ve just been saying, it’s fascinating
how the time frame we deal with changes our choices.
If we’re talking about what we would invest in, in the
next 50 to 100 years, and how then that might set us
up for some of what we’ve just been talking about, I’m
willing to assert that our Number 1 problem is getting off this planet. What propulsion system we use to
get to Alpha Centauri is important in the thousandyear time frame, but right now the real problem, for
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which solar power is just not the issue, is getting off
the Earth. We probably ought to be thinking of using
it a lot more for getting out of various orbital levels to
someplace else, but it’s not until you’re that high that
you have any chance of starting to convert the Sun
into a propulsion method.
This is where maybe we ought to be looking at
scramjet [supersonic combustion ramjet] or, frankly,
looking from an economic standpoint at the space
elevator concept. The reason is that the potential payoff is enormous if we can solve two or three significant
problems that are defined, where we understand the
technological limits, but where there are already clues
to how those limits might be resolved.
Until we get there, we need to be finding ever more
efficient ways to get off the planet, because that’s what
is crippling every single other choice we’re making.
Getting something off, against our gravity, is proving
to be the real challenge in going anywhere else.
Abiodun: If energy is our main concern, and most of
what we consume is coming from fossil fuel, and we
can develop alternate energy sources, why should we
be confined to planning to get off this planet?
Simpson: Because the subject we’re talking about is
what takes humankind into space. If you want to alter
that and say that we don’t go to space and we have
other priorities, that would be an interesting discussion. But right now the discussion is focusing on this
issue of taking us into space and what’s in the way of
our going to space, for the moment, is Earth gravity
and the amount of energy required to overcome it to
the point of getting beyond its influence.
Abiodun: You have focused on Alpha Centauri all
along. Why?
Simpson: That’s a question that has come up once in
a while. For me, I would be perfectly happy to get to
Mars.
Chaisson: We have to sell this to the public. If it’s
not going to be strictly individualistic, entrepreneurial ventures done by small groups, if it’s going to be
done by big governments (which, frankly, I hope it
won’t be), you’ve got to sell it to the public. And I
think you’re not going to be able to sell some of these
techniques that you have just mentioned, even in the
immediate future, of being useful to us to get off the

158

planet, because 95 percent of the people on the street
aren’t interested. They’re not there yet.
We’re preaching to the converted, among this
group here; we’re all like-minded people. We’re part
of the “space groupie” effort that buys into this full
time, but we have to sell this to the public. So, my
agenda is that if we can develop something like solar
energy that will both benefit our getting off the planet
and utilizing solar energy to go where we want to go,
and also be a saleable point to the public because we
can solve some of the energy issues on the Earth with
solar energy, then the public is going to buy into it.
Simpson: I think that people with money are unexcited about solar power. That’s the problem. Take a
look at the difference in emotional energy that has
been generated by the possibility of personal space
flight relative to the very real possibility that we could
eventually be more efficient in the use of solar energy
with various kinds of devices.

Whoever creates a better battery is
going to become an instant billionaire.
Why aren’t people working on that?

I think that the fundamental problem
with stellar technology, solar technology, is the better battery – that we haven’t created a means to store
the energy in a more useful way. We haven’t created
a better battery in about a hundred years. This is why
our laptops run out, our cell talks run out. Whoever
creates a better battery is going to become an instant
billionaire. Why aren’t people working on that? I
think that’s the technological issue that keeps entrepreneurs away from solar energy, because there is no
way to store it.
Chaisson:

Rao: We already talked about the battery problem
that we have; our technology in batteries is very poor.
But when you’re talking of going outside the solar
system, I think that what you said about the space
elevator would attract a lot of attention and space
tourism. It would create a lot of excitement. And with
the nanotechnology, we have just the capability of the
necessary technology to build it. Maybe it will take 50
years; maybe it will take 100 years. I think that will be
a way to get public acceptance and money. I think it
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will be a good starting point.
Sallaberger: Since we have just a few minutes left,
Robert, maybe you want to summarize.

… low-cost access to space … is
something that has so much leverage
in so many different areas, and
it’s going to be one of the biggest
challenges we face.

I wholeheartedly agree with the issue of
somehow we need to come up with low-cost access to
space, Earth-to-orbit launch. That is something that
has so much leverage in so many different areas, and
it’s going to be one of the biggest challenges we face.
Literally, the commercial launch industry has been
able to reduce the cost of launching commercial satellites by switching over from 40-year-old American
ICBM rocket engine technology to 40-year-old Russian ICBM engine technology. That’s not how to do
it. We need to have real breakthroughs in technology
and real breakthroughs in looking at how to solve the
problem.
Maybe the combined-cycle ramjet engine is one
approach. That’s probably the most near-term possibility to get a real breakthrough. We have air-breathing
rockets that switch over to just internal fuel and oxidizer to get you the rest of the way to orbit.
Another approach is to take the big infrastructure
Frisbee:

approach, where we’ve now built the railroad system and you’re just running boxcars down the line,
whether that’s a launch catapult, an orbital tower, or
air-breathing laser propulsion.
But that’s something that has so much leverage
for so many different areas, whether it’s a solar power
satellite or getting people into space, getting material
into space.
Then the other big issue is that once you’re in space,
utilizing solar power – we usually think of photovoltaic cells, but there’s no reason why you can’t run a
solar thermal dynamic system with concentrator mirrors. You just use raw heat to run a heat engine. Once
you start getting a sizable amount of humanity, even
in low Earth orbit, I think we’ll then be able to start
looking at a lot of the different options for moving
outward. In the near term, it will probably be chemical and nuclear fission thermal systems. That’s good
for the Moon and Mars. Solar sails, propellantless
propulsion, high-performance electric propulsion,
whether nuclear or solar electric, are very good cargo
vehicles. You need a mix: You need something to get
the people there and you need the supertankers to
take the bulk cargo.
I would definitely open to other people for other
comments.
Rao:

I think you have summarized it.

Frisbee:
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Facilitator:

Sesh Velamoor

Participants:

Plenary

… the aspect of the government versus private
enterprise … perhaps this would be best done
by private corporations … individuals
could perhaps do this.

Group Representatives:
Group 1 – Peter D. Ward
Group 2 – Adrian Berry
Group 3 – Karl Doetsch
Group 4 – Laurence R. Young
Group 5 – Robert Frisbee
Sesh Velamoor  (Facilitator): We will hear summaries from each of the groups. First is Dr. Peter Ward,
whose group discussed the topic from his keynote:
“Will We Leave Earth for Permanent Space Colonies?” Peter?

Group 1
The usual questions arose: Why do it?
How to do it? How much would it
cost if we do it? Where to do it?
And then: Is it feasible?
Ward: We had a really good hour talk, and thought
about several aspects of colonization. The usual questions arose: Why do it? How to do it? How much
would it cost if we do it? Where to do it? And then:
Is it feasible?
We all agree that the feasibility can occur only if
there is a rapid and radical drop in launch costs. There
will not be space colonies using the Space Shuttle. That’s
obvious to everybody. But will there even be space
colonies if we have, say, lift costs that are a tenth of
the Space Shuttle? Would they have to be a hundredth,
or thousandth? At what point does it become cheap
enough to get into space that we can start throwing up
a lot of material and a lot of man- and womanpower to
faraway objects and have it be successful?

We talked a lot about how it should be done. There
was the aspect of the government versus private
enterprise. The last quarter of our discussions were
comments by various members that perhaps this
would be best done by private corporations, that individuals could perhaps do this. Examples were brought
up of the various European colonies, the Jamestown
colony, the Plymouth Rock groups. I personally kept
my mouth shut about that, because I’m not sure that
those are good models. Those people used wooden
ships and free energies – wind – to blow them across
the water. And the cost of the ships compared to the
cost of space exploration now … at least they could
breathe when they got here, for instance. So, there are
many more costs involved. It can certainly be brought
up as an analogy, and I tried to do that last night,
suggesting that this is how we should start thinking
about it, but from there things radically change. Nevertheless, it should be thought of under the feasibility
of whether a government should do it or not.
An aspect that we should have talked about and
barely did, and that I would love to see brought up, is
the aspect of the militarization of space. An idea was
bandied about that we could use a rise in the evolution
of modern aviation as a way to understand how we
could understand the rise of space exploration – but
I brought up the point that modern aviation, at least
as I understand it, was so abetted by the two World
Wars and by the military services, so that almost
every major breakthrough that commercial aviation
used was first found in military planes. Boeing was a
military organization that then turned those military
aspects into its commercial planes.
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I have heard the peripheral
whisperings that … there should be
nuclear weapons cached out
in space somewhere …

Should we hope – those of us who want to see us in
space – that we have another space race? Should we
hope that Bush decides to take over the Moon and
Mars but does so simply because our Chinese colleagues are threatening to get there first? Maybe that’s
what we should hope for most. I think the militarization of space is a very viable subject that we in this
group could very profitably talk about, because it is
once again facing us. Those who think it’s not, I think,
are being very naive. I have heard the peripheral
whisperings that there is now, once again, this idea
that there should be nuclear weapons cached out in
space somewhere, that this can help the US security.
So, here we go again; those of us old enough have
already heard this several times, around and around
and around.
Along happier lines, we talked about where the
colonies should be. Once again, we broke it down into
a planetary surface versus an orbiting colony. Some of
the very interesting discussions about orbiting colonies went back (maybe it’s the tenor of the time) to
various discussions about the effect of terrorism – that
an orbiting colony is an especially vulnerable object.
If you have some teenager who is unhappy with his
mother and puts the right bomb on the right air lock,
you suddenly have a catastrophic depressurization
and you kill everybody. So, those particular objects in
space, we think, would be highly vulnerable, in a way
more so than any surface colony would be or even
any city is to terrorism today. We have a possibility of
terrorism and a possibility of accident so catastrophic
that the entire colony could be lost in a manner that is
more catastrophic than analogous situations.
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These two things, a thick atmosphere and a
protective magnetic field, would have to be somehow
duplicated in colonies.

We talked about Mars; we talked about where to put
colonies if it were to be Mars. But we talked also about
the dangers. One of the problems brought up was the
radiation hazard, which has been underestimated, we
think, at least in the popular press. The understanding
is sinking in only now that Mars is a very dangerous
place, that space is a very dangerous place. Our Earth
has a 100-mile-thick atmosphere and we as a species
evolved under that with a magnetic field. These two
things, a thick atmosphere and a protective magnetic
field, would have to be somehow duplicated in colonies. It took our planet a long time to build these
things with a lot of mass, so you still have to come up
with an analogous means of shielding.
On the question of “Why do colonies?” the most
powerful argument – this was brought up by several
of our people – is the all-eggs-in-one-basket idea: If
we are on the Earth and on the Earth only, this means
that we are susceptible to species extinction because
we are not widely spread. The paleontological record
certainly bears this out. Widespread species survive
mass extinctions much better than narrowly distributed species. The record shows us that over and over
again: to survive a mass extinction, be widely distributed. “Widely distributed” for humans would be
off the planet. So, for that reason alone, space colonies have their greatest impetus – for us as a species
to get away from Hale Bopp hitting the Earth in 500
years, killing all of us. If we have a space colony, we
do survive and can repopulate the Earth. From that
came the idea – at least I broached it – that perhaps
we don’t need a space colony but we simply need a
stock of eggs with two or three watchkeepers. If you
have several million viable, frozen eggs sitting on
Mars and in an orbiting colony, if there is a catastrophe on the home world, you would have some way to
come back and repopulate the Earth. That way, you
wouldn’t need a space colony. It would have to be a
space genetic stock.
Those are some of our thoughts and ideas. We had
lots of other threads. Some of the ones that I thought
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were most interesting and scary were some of the fears
that we have about colonization, that there could be
a colonization of space – this came up in several different ways – that would take place in the same nasty
fashion that it has in past centuries, with powerful
imperial powers simply colonizing and taking over,
because they have the ability to do so, without any
interest in bringing in other nations.
We had the question: Who will rule space? What
sort of government body would own a colony or rule
a colony, and how would that be? One of the most
interesting discussions, I think, came back from the
social aspects. If we did have a colony, after a thousand years, what would those people be like socially
if coming back to Earth or mingling back with our
particular civilization? Obviously, living in a colony
on a planet in a dome, or in an orbiting colony, would
produce societies radically different from those of us
who live in the free, fresh air. And if there isn’t biological evolution, and there very well could be, but even
if there isn’t, the amount of social evolution would be
fantastic. Mixing these two societies back again might
be a very interesting and perhaps severe challenge to
us. So, the societal aspects of the breaking apart is a
very interesting one.
If there is anything the fossil record tells us, it is that it’s
a small peripheral population becoming isolated that
produces speciation. So, if our species is to produce more
species, it probably won’t be on planet Earth.

Finally, I’ve often been asked: Will there be a new
human species? To me, the only way there will ever be
a new human species is just this, if we do have space
colonies. If there is anything the fossil record tells us,
it is that it’s a small peripheral population becoming
isolated that produces speciation. So, if our species
is to produce more species, it probably won’t be on
planet Earth. But it might be through populating
other colonies.

Group 2
… who will do the colonizing of the
asteroids are the descendants of the
present people who run the
mining industries …
Berry: We had an interesting discussion, talking
about all manner of things. First of all, we agreed
that who will do the colonizing of the asteroids are
the descendants of the present people who run the
mining industries, because they believe in long-term
investments and they have very deep pockets. This is
fairly obvious but I hadn’t thought of it before.
Secondly, we agreed that people in colonies up
there have got to use local materials, such as oxygen
and carbon compounds and water, and so on. To
bring it up from Earth would be quite hopeless, and
hopelessly expensive.
Thirdly, detection instruments: We need to have
very good detection instruments to see what asteroids are made of, because asteroids are very different.
They’re very individual, as are comets, for that matter.
There are two different kinds of detection, as I understand it: optical and radar. Possibly the radar detection
is better because it can see underneath things, and
already radar instruments have given us some evidence that there is water at the poles of Mercury and
also at the south pole of the Moon. Also, as I said in
my paper, a radar survey has determined that there
are a number of asteroids in the main asteroid belt.
Anyway, we feel that there must be more research into
detection instruments.
Somebody had the very brilliant idea to have a very
large satellite, a space station, at one of the Lagrangian
points, which would be a defensive tool. Its main task
would be to guard against incoming asteroids that
might hit the Earth, and it would somehow defend us
against them – attack them or drive them away. The
reason for that is that the Lagrangian point is at right
angles to the direction from which the asteroid would
be coming in. That was the general idea of that.
We had quite some discussion about which was
more effective, humans or robots. And we agreed
that really they have to go together. The robots will
do the boring drudgery and the dangerous work and
particularly all the repetitive kinds of work, whereas
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humans will do the management and the thinking. In
other words, each does the work it is good at, and to
do it with humans alone or with robots alone would
be absurd.
We also would like to know whether there exists
uranium among the asteroids – I don’t think anybody
knows that – just in case it proves difficult to achieve
nuclear fusion technology, simply because fission
technology is much easier.

… gradually, over new generations,
people will become immune from
radiation, or partly immune.

Then there was some interesting talk about protection
from radiation. Obviously, people in the asteroids are
going to need to be protected against radiation in a
way that they don’t need it when they’re on the surface of the Earth. Possibly being protected by layers
of water is a good thing. Someone suggested that
gradually, over new generations, people will become
immune from radiation, or partly immune.
Then somebody recalled Gerard O’Neill’s mass
driver. Gerard O’Neill proposed that on our Moon
there should be a machine that ejected mass at high
speed into space from which you could construct
your artificial asteroid, your space habitat. This idea
hasn’t been talked of for many years and ought to be
talked of again.
There was a lot of discussion about ethics and
police forces and things like that. It’s quite obvious
that when you have a whole explosion of humanity
into places where no one’s been before, there are going
to be quite a lot of villains, and you have to have some
way of curbing their activities. Somebody suggested
that there should be a sort of agreement about ethics,
but more possibly there should be a police force. This
all sounds like a comic strip but I think it probably
makes some sense.
Does somebody else from the group want to mention anything I have left out?
Jha: The technologies to justify going would also be
the technologies that will enable people to live on
Earth when the conditions become unsustainable.
Berry:
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Yes. Obviously, out in space many new tech-

nologies will be discovered, of which we can imagine
practically nothing now. It is possibly a mistake even
to try. We, back on Earth, will learn from these and
greatly improve our own methods of doing things.
Is that a fair summary? Were there any other
points?
… if there is this transformation of
humanity from a terrestrial species
to one that colonizes asteroids … the
restrictions are not purely technical.
Sallaberger: Adrian, I think there was one other
point, which was that if there is this transformation of humanity from a terrestrial species to one
that colonizes asteroids or becomes a species of the
solar system, the restrictions are not purely technical. In fact, it might not be the technical constraints
that are keeping us from going there, but it could be
more political, ethical, even human governance kinds
of issues that will need to be resolved as much more
important issues to be dealt with, rather than the pure
technology of how to do it.
Facilitator: I overheard part of the conversations in
that room, and I thought Dr. Jha was raising a question
that might be worth bringing up here. So far, over the
last 8,000 to 10,000 years, human beings have inhabited the planet and developed a way of living on the
planet – technologies, societies, governance, and you
name it – to the point where we have now successfully
messed it up. Therefore, if we’re going to colonize
another planet and transport the same technologies
and the same mechanisms, the same governance, and
the same ways of doing things, what is the point of
it all? Should there be a sea change in terms of what
you take to the new place, if you go, in terms of value
systems and civilizational ideas, and so on.

… just as we are in the process of
making Earth unsustainable, we would
be quite capable of making space
environments unsustainable …
Jha: The basic point was that just as we are in the process of making Earth unsustainable, we would be quite
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capable of making space environments unsustainable,
having weapons in space or putting up so much debris
that it will collide and make it unsustainable.
Berry:

Group 3
How do we get space exploration more
onto the agenda of those people who
are not in the space community?

Except that space is very, very, very large.

Ward: I’ve watched the mining companies in Washington State, in the American West, for some time.
The usual modus of the mining companies is to find
a commercial grade of ore, to mine it, to make a great
big talus pile, and then go bankrupt, because they’re
generally shell companies. They get the money out
and then they go bankrupt, and it is left to the US
government to clean up the mess. The point is that
that is the way the mining companies work: They find
it; they get it; they get the money; and then change
governance.
Now, in terms of asteroid mining, the net effect
of that is not to leave a pile of cyanide around that
can poison the groundwater, but you’re changing the
gravitational aspect of a celestial body that has been
in orbit and is subject to gravitational loss. You risk
the possibility of pumping one of these suckers out
of orbit and into an Earth-crosser. Do you think it’s
worth the risk?
Berry: That’s why I said in my talk that the near-Earth
asteroids should be treated with great delicacy – for
that very reason.
Ward: You could change its orbit into an Earth-crosser
by the mining activity.
Berry: Exactly. If you’re in an asteroid beyond Mars,
this is not likely at all because of Newton’s first law.
But in the near-Earth asteroids, it’s very dangerous. I
quite agree with you.
Young: Just to remind you: We’re changing the mass
of solar system objects every day with meteorite hits.
Chaisson: That’s right. Forty thousand tons of material comes in annually to the Earth.

Doetsch: It sounds as if the other groups had a lot of
fun brainstorming. We chose to go a slightly different
path. We felt that we should look at the question: How
do we get space exploration more onto the agenda of
those people who are not in the space community?
We started off with the question: What rationale
do we have for space exploration from the environmental and social points of view? We raised a number
of points, and I’ll give them to you: Increase the Earth
system’s robustness – space exploration is part of
achieving sustainability of life on Earth; the migration possibility to relieve population pressures; and,
finally, a collectivity of things that are associated with
the creation of knowledge, curiosity, motivation, the
desire for adventure, and other drivers of that nature.
That is the collectivity that our group came up with as
the rationale that might be usable for making space
exploration be considered more important.
We then turned our attention to the question:
By what process would we actually start developing
space exploration so that we can move from where we
are today to a thousand years from now? Of course,
a thousand years from now, who knows what will be
there? So, we started more at the “today” end of things.
There was agreement that space exploration should
be undertaken on an international basis, but that this
international basis should be through a cooperative
mechanism that is not dissimilar to the mechanisms
that have been established in the Earth Observation
field, the “system of systems” approach. In this, you
identify the general goals of where you’re trying to go
and then different nations would sign up or different
entities would sign up for completing parts of this
activity and thereby fulfill it.
If one goes down the path of that sort of process,
clearly you have to get to a definition point: What
is it that one should be undertaking? We concluded
that the phased approach for space exploration is
the right way to proceed. The general directions are
established, which allow some phasing with the near
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term being quite well defined and then the further out
you get, the looser things are. But this whole structure of a phased approach should be within a vision
for the long-term space exploration activity, so that
you know roughly where you’re going. You have some
routes that become less and less well defined as you go
forward, but you’ve got a general sense of direction.
… the technical challenges may not be
the most important impediments to
moving forward with exploration.
It’s more likely to be the
political impediments.

We did not address the specific technical challenges
that are involved in space exploration for two reasons.
One, it’s clearly part of the process of moving forward
and deciding how quickly you can move forward with
things. Secondly, the technical challenges may not be
the most important impediments to moving forward
with exploration. It’s more likely to be the political
impediments.
We then finally turned our attention to the question: What are the impediments for moving forward
with space exploration? We started off with the general conclusion that we really have not made the case
for space exploration to outsiders – those outside
of the space community. We recognize that space
exploration is not part of the main agendas of governments. It’s really off the radar screen. There is
insufficient political and public awareness to secure
sufficient funds and commitments to proceed with
space activity.
Finally, also dealing with the funding mechanisms,
one observation was made that’s really quite pertinent. If you talk about moving forward as a collection
of entities, one of the difficulties of funding is: How
can you find funding mechanisms that cross national
borders to increase international involvement, particularly in the knowledge-creation aspect? If space
exploration is to be an international endeavor, it is
clear that some nations are in a better position to
afford it and to fund it, but that shouldn’t mean an
exclusion from participation of all the other nations
that have capabilities and interest. So, we just don’t
know how to do that mechanism.
We ended up, in summary, saying: We have some
sort of rationale built; we have some processes iden166

tified that might go forward, but we also recognize
that there is a major problem that we have virtually
no political interest in moving forward on a significant scale.
Facilitator:

group?

Thank you. Any questions of this

Abiodun: Karl, you said that your group is of the
opinion that space exploration is not on the space
agendas of most governments. Did you address how
it could be, given the fact that the UN has organized
three major space conferences, 1968, ’82, and ’99, that
there have been space-related activities or conclusions
from the Kyoto Protocol, Montreal Protocol, the 2002
World Summit on Sustainable Development held in
Johannesburg, and the 1992 Earth Summit held in Rio
de Janeiro, Brasil, in June 1992? Each of these events
can do better with space capabilities.
You are also aware of the fact that three months
from now, September 14–16 in New York, the General
Assembly will be addressing the Secretary-General’s
proposal in high-level plenary. You and I have seen
the draft report of that plenary. It spoke about disaster
management; it spoke about science and technology;
but still space does not appear there. How do we
address this, if governments are going to be effective
in supporting space activities in the future?
Doetsch: Thank you. That’s a long-ranging question
and not particularly easy to answer. But let’s tackle the
question of the conferences that the United Nations
has held so far, the so-called “UNISPACE” series.
More and more as we’ve advanced in time, they have
focused on applications, direct utility of space on
Earth. They have not been addressing the question of
knowledge creation, exploration, and so on.
Moving to the next point, the various summits that
the United Nations organizes, which really do get the
attention of heads of states, why isn’t space on those,
even though very often they are addressing issues on
Earth amenable to solution from space? That is because
we in the space world have not done a good-enough
job in working with the Sherpas who draft statements
for ministers to let the Sherpas recognize how important and how valuable space actually is to day-to-day
life. We just haven’t done a good-enough job.
I will say this: In the past two or three years there’s
been a lot more effort, and I’ll give one example.
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When the sustainability conference took place in Rio
de Janeiro in 1992, space was not mentioned once in
the whole report. By the time it had come to Johannesburg in 2002, through a lot of effort by the space
community, space was mentioned, I think, 36 times
in various recommendations. This says that there is
a possibility, but what has not yet happened is that
there is any forum for space exploration that is even
addressed at the summit level of leaders, and we need
to try to change that. Once we have such a forum,
then I think we can get onto summit agendas, but
we’re not yet even close.
I would prefer … “a program of
programs” for exploration … the
overall architecture is discussed by the
different countries, but … each country
could go at its own pace.
Favier: On the issue of international cooperation and
governmental involvement, I just want to remember
that for the International Space Station, we went to an
intergovernmental agreement. This was not the best
way or the best program to handle it, so I would be
a little bit skeptical on the interest to have an exploration program coming as one of the priorities of all
governments, because even in this case, for the International Space Station in particular, it didn’t work.
I would prefer the idea of system of systems or
what we call “a program of programs” for exploration,
meaning that the overall architecture is discussed by
the different countries, but in this model each country could go at its own pace. Therefore, what we have
to do is, at each government level, convince them that
exploration is important for each particular country, and push all the countries to discuss the overall
architecture – but not to go to an intergovernmental
agreement because it failed already.
Doetsch: Yes. I think that’s a good comment. There’s
no question that there have been many lessons learned
from the space station experiment, and those lessons
are still being learned.
One of the lessons is probably that we have to find
a different way of moving forward. But I think that
the proposal that you made, program of programs,
is a good mechanism. Maybe exploration is better
suited than building a facility for doing this because

the timescales can vary. You are not so interlocked
and interdependent. I think this is one of the challenges of using an international program to build
– you’re very dependent on political changes in the
various partners’ nations.
Young: To follow up on the point that Jean-Jacques
was making, in our group the questions came up at
the very end: What do we really mean by international
development and what will international mean a millennium from now? Will we really be talking about
the kinds of governmental divisions and groupings
that we have now? Will the same kinds of stresses and
strains that led to both beneficial competition and
destructive warfare still be an issue at that time?
I don’t want to revisit our entire argument, but we
have to think more broadly than national and international in the terms that they’re considered now in
2005.
Facilitator: For the next 30 minutes, we’ll throw
open the discussion about the first three groups’ subjects, so that anybody can make a comment about
any aspect of the subject at hand, or ask any person
a question.

Let’s limit the question to whether or
not we collectively are convinced that
the case for human migration beyond
the Earth is one that is clearly made.

I’ll ask a question. I didn’t have complete success in our group, so maybe I’ll get support elsewhere.
Karl talked about sustainability and robustness as
being a major motivation for space exploration, and
Peter spoke to us last night about mass migrations.
I think we have to ask ourselves the question of the
motivation for migration beyond the Earth when we
still have not yet established livable places and habitats all over this Earth – or even more broadly (this
is one that we don’t usually bring up), the motivation
for maintenance of our species as we know it.
If I could repeat the example I gave at the close of
our session, suppose we were dinosaurs and we knew
that an asteroid was coming. What would we do? We
might just say: “Well, maybe what comes along after
will be even better.” Let’s limit the question to whether
or not we collectively are convinced that the case for
Young:
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human migration beyond the Earth is one that is
clearly made.
Would it be any different from the motivations that have caused humans to migrate from one
place to another in our history?
Facilitator:

It’s quite clear that we can’t migrate to
any better world; we can migrate only
to worse worlds.
Ward: Yes. I think it would be. In the past you could
migrate to a better world. It’s quite clear that we can’t
migrate to any better world; we can migrate only to
worse worlds. We can’t migrate to anyplace that we
know of where farming is better, where the air is
richer, where there’s more metal, where there’s more
religious freedom. There’s no better place than here.
You can go only to worse places, and that’s not the
way it was in the past.
Facilitator: But isn’t the idea of a better world pretty
much in the head and not so much in the actual environment that you establish? For instance, moving
from the colonies on the East Coast and coming out
to the West Coast: I don’t know that you could say
that no plumbing, no regular food, and being overrun
by all kinds of risks and dangers constituted a better
environment.
Ward: I think they had the choice; they had the chance
of a better life. There was the possibility that within a
generation you would have your own land. The possibility for people without land to get land has been a
major motivating factor.
Facilitator:

I agree.

Ward: And we’re going to places where you can get
land all right, but it’s worthless.
Calvin: I would remind you that the reason Greenland is called Greenland was a sales ploy. Greenland
and Iceland should have their names switched. Erik
the Red tried to get people to move from Iceland and
also from Norway over to the west side of Greenland.
And their dairy farming culture just did not transplant, and they didn’t broaden it, either.
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Patrick:

help?

Should we rename Mars Utopia? Would that

As we look for the motivation for moving
off planet, a lot of different motivations have been
shared at one point or another. But one that hasn’t
been shared is that there are, in the diversity of our
species, a certain number of people for whom some
of what we’ve said we would give up might be worth
giving up. There are people in the history of migration who have moved to be in more disciplined, more
authoritarian societies than they had been in. The
Puritans did not come to North America for religious
freedom; they came for the right to persecute other
religions. They wanted to be utterly alone.
There is probably already within our species a certain motivation for some subset to say: “I would like to
have a community inside a rock where I had a whole
bunch of people who thought the way I thought, and
we could operate there without all this complication.”
There is some of that out there. In a group like this,
where almost all of us are free thinkers, this isn’t the
kind of world we tend to gravitate towards, but I think
that there are plenty of people on this planet who
would find that kind of ordered life quite desirable.
Simpson:

Facilitator:

Like the Amish.

I would like to shift the discussion slightly,
because the topic of this workshop is “Humans
and Space,” but most of the discussion is going into
humans in space. I think if we look at the next 50 to
100 years, humans and space, which means “what
space can do for humans on Earth” is probably more
relevant. Maybe in a thousand years humans in space
will be more relevant.
I haven’t heard too much discussion on humans
and space, so I want to point out where the workshop
is going and ask whether that is what you want.
Jha:

Facilitator:

Any comment in response to that?
… in the millennium to come, we will
probably find Earth-like exoplanets
with all the conditions for the kind
of life we have.

Favier: I want to comment on the parallelism between
colonization on our planet from one continent to the
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other, and what we could expect from space colonization. As Peter said, we don’t know today a better place
to live than Earth. During the colonization of America, for instance, when people fought with each other,
one part of the population could go a little bit farther
and continue to live there. In space, as we know it
today, it’s impossible. You have to stay where you have
your minimum oxygen and food to live.
The prerequisite for colonization is to find a safe
haven in space. This is possible maybe in two different ways – first, we are just discovering in less than
a decade the exoplanets, and in the millennium to
come, we will probably find Earth-like exoplanets
with all the conditions for the kind of life we have.
And in that case, we could have some kind of parallellism between the colonization of new continents on
Earth and colonization in space.
The other option is the terraforming of Mars, for
instance, if we decide to do so. Technology could be
available in one century from now. It will take a little
bit of time but it’s feasible. In that case, the question
of moving from one planet to another, related to the
different arguments that we just mentioned, will be
very possible. But since we don’t have this safe haven
today, we cannot make parallels between space colonization and what we have in our history.
That raises two issues that I would like
the group to comment on. One is that the motivation
to migrate has been, at least historically, a reaction
to a set of conditions that were unacceptable. So, the
anticipation or the planning to go someplace else is
triggered by the unacceptability of a set of conditions
as they prevail.
The second issue is: Insofar as it relates to migrating to some entity out in space, it is not the same
parallelism of migrating from an Earthly place to
another Earthly place because of the investment, the
technology, the transportation, and the top-down
determination of a government or a body that decides
to create the infrastructure in the first place. On Earth,
it has been much more possible for some small group
of people to jump on a ship, saying, “I’m tired of this;
I’m going someplace else.” To the extent that migration is motivated by the need to go someplace else,
when it comes to going out to space, it seems to me
that we are stuck with the notion that it has to be a
sponsored, organized, structured adventure by power
Facilitator:

and money and motivations of that sort.
Rao: We discussed this in our group. The fundamental
point is that if you take the most optimistic assumption, the world will have 12 billion people, at least,
by 2050 or 2060. If you go by the pessimistic view,
the population will go to 16 billion. I hope it doesn’t
go there. But even at 12 billion, there are not enough
resources in the world to sustain so many people.
Therefore, there will be a great motivation, in addition to the fact of providing a second home to make
sure that the human species will not go completely
extinct for some reason.
The basic necessity of providing the minimum
needs for the people will drive every nation to see what
can be done to find a new place. Now, not every time
have the colonists gone by themselves; people have
been thrown into Australia, practically. No infrastructure was created; they had to create it themselves.
Facilitator: You’re saying that this might start as an
interplanetary penitentiary.
Rao: But here, it is in the interests of the nations and
the governments of the world to find a place outside
the Earth to rehabilitate, or at least to send a large
number of people. That will be, I think, the most
important motivation.
Berry: If and when we find another Earth-like planet
that is not occupied by extraterrestrials or anything
unpleasant, the people who really want to migrate to
it are some of the poor people of Earth who are living
in very precarious situations, like farmers in Bangladesh who are constantly being subjected to floods
and who would happily and willingly, I think, go to
another world that might be better, and they would
even agree to work their passage to get there.
Facilitator: I’m not so sure that the evidence bears that
out. I recall the stories of slums in parts of India where
the slum tenants have organized themselves into a little
city-state and they don’t want to go anywhere else, no
matter how many incentives are given them.
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You would need an extraordinary
technology to be able to move
sufficient numbers of people off this
Earth to make even a dent.
Bruckner: I’m a member of the AIAA Space Colonization Technical Committee, and we have many
discussions like this. One has dealt with the relief of
the population pressures by having somewhere else to
go. So, suppose we reached the number of 12 billion
and it looks like 16 billion is around the corner. You
would need an extraordinary technology to be able
to move sufficient numbers of people off this Earth
to make even a dent. If I were to say that we had a
system in place now that could move 1,000 people
a day off this planet, that would be extraordinary by
our current technology, and yet you would only move
365,000 people off this Earth per year.
The whole scope of a safety valve, to me, is unrealistic unless we discover some really extraordinary
technology. In fact, that suffuses this whole argument about colonizing the solar system and going
to another world. Whether we want to terraform or
whether we want to go to a nearby star, or whether we
want to establish bubbles on other planets where it’s
local terraforming that can support us, we will need
unimaginable technology that we just can’t do today.
With today’s technology, all this is impossible. We
can take small steps; we can go to the Moon; we can
go to Mars. Going beyond Mars with humans already
becomes much more difficult.
So, what will this technology be? What will we have to
discover? Meanwhile, we’re heading towards an energy
crisis in anywhere from 30 to 50 years that’s going to
probably accelerate a lot of thinking, and maybe out of
that will grow something that we can use.

… the naked, selfish gene is the
greatest motivational driving force for
us to move beyond the Earth, because
we want to enhance survivability.

It seems to me that the naked, selfish gene
is the greatest motivational driving force for us to
move beyond the Earth, because we want to enhance
Chaisson:
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survivability. Any intelligent civilization around any
planet would naturally want to survive and would
recognize that probability theory alone argues against
survival if you keep all the eggs in a single basket, as
we’ve been saying, whereas by dispersing the species,
dispersing the gene, one can turn around probability theory to act in your favor by making us virtually
invulnerable to catastrophe. It seems that that will be
a natural part of the next evolutionary leap forward,
a natural part of the evolutionary process. And those
civilizations that recognize that step forward will
survive, and those that don’t, won’t. It will become a
principle of cosmic selection.
Young: Eric, first of all, there are other ways to increase
the probability of survivability besides having a parallel
extraterrestrial colony. We all know about the “Noah’s
ark in space” or the vault for all the DNA samples. I
must say that I find that much more acceptable than
picking a number of people and telling them that they
have just won a ticket to Mars, one way.
But the reason I brought up this topic is: I believe
that there’s a very strong case we can make for human
exploration beyond what we’re currently considering,
which I think is a major question for this workshop.
There are motivations and rationalizations for human
exploration that have absolutely nothing to do with
colonization – in fact, I think we’re doing ourselves a
disservice if we concentrate solely on migration and
colonization. What should be the primary rationalizations for human exploration are the issues that
we’ve talked about: the commercial issues, security
issues, and most of all the one whose value is difficult
to put a price tag on and that is the thrill of knowing,
the exploration, scientific as well as aesthetic, which
cannot be underestimated.

You can have an elevator to the Moon
in about 200 years,
and when you have the Moon as a
staging point, your transportation
problem could be solved.
Rao: When you talk of the technology, right now almost

everyone is convinced that surely with nanotechnology we should be able to circumvent the obstacles. You
can have an elevator to the Moon in about 200 years,
and when you have the Moon as a staging point, your
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transportation problem could be solved. It is not an
insurmountable problem. We’re talking a thousand
years. In the next maybe 40 or 50 years we should be
able to have the geostation in orbit and in less than 200
years we should have the elevator to the Moon. If we
use the Moon as a staging point, we can certainly transport any number of people you want.
We should expect a KT impactor every
100 million years, but that’s not been
the case … We think that the impact
threat is vastly overestimated.
Ward: I would like to reiterate what Larry said and
Adam said. I also think it is a disservice to talk about
colonization. I personally don’t see a need for it, even
with the issue of keeping all the eggs in one basket.
But I would like to address: What are the threats
from space? The one we all see because of Hollywood
is large-body impact on the Earth, and of course this
is something that is significant. But the interesting
thing in my own field is that for a while we thought
the five big mass extinctions were all caused by impact
and that the biggest of all, the Permian, was caused
by impact, but in the last two or three years it has
become realized that the only mass extinction was the
KT, and that the KT had pockets that did survive, and
that even a KT impactor would not kill off humanity.
There’s great probability that some of us would exist.
If we go back and see the KT, you have to go back
more than a billion years to have an equivalent size
rock from space. We should expect a KT impactor
every 100 million years, but that’s not been the case.
It might be every billion years or more – plus, we see
100-kilometer craters, like the Manicouagan Crater of
200 million years ago, when nothing died. We think
that the impact threat is vastly overestimated.
Frisbee: I would like to turn the problem on its head
for a minute and ask, instead of what Adam Bruckner
said: What if we could get millions of people off planet
per day – not per year, but per day? What would the
Earth and its civilization look like? Think about it.
Most of the people in this room would probably be
willing to take off and live in a space colony. For most
of us, that’s our dream; that’s our job. If we and all of
our professional contemporaries did that, there would

be nobody left on Earth thinking about colonizing
space, going into space. Think of the shift of humanity where all that’s left on Earth are the old fogeys, the
conservative people who don’t want to move, who
don’t want to think about anything new. Quite literally, the best and brightest would go into space.
Chaisson: How many people here would be willing to
go today if you had the opportunity? I have no desire
to go.
Simpson: Certainly the idea is interesting of what happens if suddenly we’re able to get off-planet and we’re
able to send lots of people off-planet – what does that
do in terms of a kind of celestial braindrain? I’m not
convinced that there would be a braindrain. Isaac
Newton stayed in Europe when he could have crossed
the Atlantic. At that time there was an awful lot of
temptation to go to the New World, see new things.
This was a guy who had some interesting things on
his mind, fortunately for all of us, and nonetheless he
didn’t choose to go.
I don’t think that we would see a general denuding of the intellectual capital, even of the spacefaring,
space-dreaming capital of planet Earth in that context.
Frisbee: By way of rebuttal, Newton left London when
the plague hit and there were a lot of Europeans who
left Europe when Fascism rose before World War II.

What does it mean if the technological
barrier is overcome and we find that
we did get beyond planet and that that
has begun to transform Earth…?
Simpson: Yes, but the question was not whether some
would, but whether all would, whether we would be
left with this remarkable denuding of the intellectual
capital. I don’t think that would be the case.
The other issue that has struck me is that as we
look out to try to get a grip on this thousand-year
time frame, we’re really getting a lot of breaking action
over the next 10 to 50 years in the technological barriers. So, we’re struggling to have this vision of the very
long run, when there is a really remarkable amount of
technological change. Think of the year 1000: People
then would not have been able to conceive of folks
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from as many different places as we represent getting
to Seattle to be talking about the future. For all sorts
of reasons they wouldn’t have been able to do it. So,
although it’s useful to talk about what is between us
and the capability to get beyond planet, it would also
be very interesting to get our minds wrapped around
this hypothetical: What does it mean if the technological barrier is overcome and we find that we did get
beyond planet and that that has begun to transform
Earth, but also transform the whole human experience? That’s the piece that we keep getting close to
but back away from because we don’t know where the
launch pad is.

… we are today prisoners
of the present understanding
of what is possible.
Kasturirangan: The timescales of some of the developments that are applicable to humankind’s expansion
into outer space are those that are related to science
and technology developments. Typically, for example,
science produces a discovery or an important invention, say, once in ten years. The applicability of many
of these technologies is typically between 50 and 100
years, if you look at steam or if you look at transport.
Then there is the question of timescales related to
exploration. I’m not making a distinction between
exploration or exploitation or even habitation, but
there is a timescale for this that could run into several centuries. Then, of course, there are the political
timescales, the economic timescales. The economic
are probably a little longer than political timescales,
but both of them could influence the way in which a
particular human endeavor moves forward.
One factors all these kinds of timescales to find
optimal trajectories in an expansion strategy. That’s
going to be one of the big challenges in the overall
context of realizing some of the objectives. This is one
point that I think we should monitor continuously.
We will have to keep it in mind even as we talk of
exploration, the timescales of which are going to be a
thousand-year kind of thing.
Second, the definitions of many of these things
also change with time. The philosophy of St. Thomas
Aquinas is the philosophy from which a lot of sci-
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ence and technology was derived as a concept. It’s
800 years later. If anyone was to look into the history
of philosophy, having derived the theory of relativity and quantum mechanics, I don’t think that there
could be much of a communication between the two.
Imagine a thousand years later: What kind of science
will be pursued and what kind of people will still look
for an understanding of nature? They may have no
resemblance to the type of science we practice at the
present time.
So, what does it all add up to? There could be dramatic changes in the way in which we can deal with
a particular problem, and it could completely change,
because we are today prisoners of the present understanding of what is possible. It has to be so; there is no
other alternative to that. So, one need not too much
worry when you talk about a thousand-year timescale,
whether it should be an exploration, a habitation, or
any other kind.
The barriers today, which get factored into costs,
are going to change substantially if the past is any
indication, and that should make this entire effort
a very feasible and comfortable one if you are going
to talk of a thousand years.

One thing is very clear, notwithstanding whether it
is today or tomorrow or a thousand years later: the
spirit of inquiry will continue so long as you define
those species as intelligent human beings. To me, it
looks like the science and technology are not going
to be static and there are going to be dramatic developments. The barriers today, which get factored into
costs, are going to change substantially if the past is
any indication, and that should make this entire effort
a very feasible and comfortable one if you are going
to talk of a thousand years. Certainly, if you are asking about a hundred years, I would be uncomfortable.
But if you talk of a thousand years I think it is a very
comfortable proposition for humankind to expand
and explore and probably exploit.
Facilitator: To rephrase what you just said: It is an
inevitability and it’s not a question of if but when.
Kasturirangan:

That’s right.

Ward: I sense that the thousand-year mandate here is
an impossibility. You have a lot of talent in this room,
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but who knows what’s going to happen in technology?
A much more interesting question is the hundred-year
question, because it involves choices. To me, the choices
are a space station and/or a thorough robotic exploration of Mars and/or a thorough robotic exploration of
Titan and/or Europa. So, what are the priorities and
choices there? Is it humans in space?
If you had your choice – and had to make a choice
– between a man landing on Mars or an absolutely
thorough submarine exploration robotically of
Europa or a sample return from Titan, that’s a really
hard decision.
Bruckner:

I think it’s an easy decision.

Even so, here’s a good problem for you teachers to
your freshman physics classes. Let’s say that you had a
wormhole from here to geosynchronous orbit. What
would the cost be of transporting cargo? Well, if you
assume energy is conserved, you’ve got to go mgh,
potential energy; you’ve got to go one half mv2 to
match GEO velocity. If you have some magic machine
that does that at 100 percent efficiency and you plug it
into the wall, you’re still going to be paying dollars per
kilogram to do that. So, even a magic technology may
not overcome fundamental limits of physics – unless,
of course, we can get zero-point energy, and then all
bets are off.

All right. I would vote for the outer planets
instead of Mars, personally.
Ward:

Bruckner:

I would like to ask what the character
of robotic exploration will be like when
we see robots as an independent and
in some ways superior species.

I would, too.

Zimmerman: I don’t know if it’s 100 years or 50 years
or 150 years, but I don’t think you have to make it an
either/or. In fact, I think that’s a huge mistake. Technology and robotics enable humans and as long as
we’re the species, we still do appreciate people from
our species journeying to other lands. So, I think it’s
both. And that is one aspect that the space agencies
seem to be pursuing – hopefully it’s sooner and not
later.
Facilitator: What about teleportation as a concept?
That might solve how many people will move, over
what periods of time.

Let’s say that you had a wormhole
from here to geosynchronous orbit.
What would the cost be of
transporting cargo?
Frisbee: Right now it looks like maybe you do need a
galaxy’s worth of mass energy to make a decent Alcubierre warp drive. But the story on wormholes maybe
is a little different. Yes, relativity says that we could
make a good common or “garden variety” science
fiction wormhole: You walk through the door and
you’re in Alpha Centauri. The problem is that relativity right now doesn’t tell us how to anchor the other
end of the wormhole. That is, as they say, an engineering problem.

Patrick: I wanted to ask a question about species.
Somebody said earlier that we wouldn’t be able to
generate new species unless there was an isolated
colony with which there was no contact. Some have
suggested that, in fact, the next species to emerge will
be human-created, silicon-based life. I think that for
some people that is rather far-fetched, but I don’t find
it quite so far-fetched.
I would like to ask what the character of robotic
exploration will be like when we see robots as an independent and in some ways superior species. I think
people will not be nearly as fond of sending them in
our place.
Simpson: In response to the notion of silicon-based,
intelligent life, I did make the comment in our group
session today: Imagine, given the amount of silica
on Earth that we consider of relatively little importance, confronting a silicon-based life system. They
might very much enhance the value of that silica,
maybe even to the point of wanting to take it in larger
amounts and we’re willing to give it. So, a part of the
notion of contact with different systems is to recognize that what one values may be very, very different,
based on one’s biology.
A second piece relative to robots, very much supporting the idea that this is not either/or: Human
beings who go with their machines increasingly iden-
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tify with their machines. Almost all of us have had at
least one machine we’ve owned with which we’ve had
a pretty emotional relationship. There were a couple
of computers I wouldn’t have minded seeing whether
they would float.
The fact is that from the beginning of the major
waves of exploration, some tool has enhanced humankind’s ability to explore. When we came across oceans
as explorers, they were simple tools. They were ropes;
they were pulleys; but they were things without which
a giant sailboat would never have operated. And
without the robots that we’re talking about, we don’t
operate effectively as humans in the kind of environments we’re talking about going into. This continues
a trend, I think.
Ward: I want to point out that there can never be a silicon life form. There could be a silicon/carbon life form,
and these compounds are called silenes, and they are
silicon and carbon bound together. They only work in
temperatures below about 150 centigrade. So, on Titan
and in Neptune it’s theoretically possible to have silene
life. It would never work in our temperatures.

Sooner or later, we will have
intellectual equals that are based on
microchips or something equivalent.
Frisbee: As to the question of intelligent robots, one
of the more poignant Star Trek episodes was the one
where the humanoid robot, Commander Data, is put
on trial essentially to see if he has a right to protection
under the law, like a human being. Sooner or later,
that trial will take place, whether the story is written
by Asimov or the Eando Binder “Adam Link” stories.
Sooner or later, we will have intellectual equals that
are based on microchips or something equivalent.

We’ve talked about HAL, but keep in mind
that Mike [a supercomputer], with which I identify just
a little bit, in The Moon Is a Harsh Mistress by Robert
Heinlein, led the lunar revolution. There, there was
some talk about what could lead to a sentient machine.
This is an idea that will have developed a little further, I
would suspect, in the next thousand years.
Simpson:

Berry:
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Whatever happened to the artificial intelli-

gence science? It seems to have collapsed completely.
Frisbee: Software. Basically, if you believe Hans
Moravec and others like him at Carnegie Mellon,
we’ll have the hardware capability around 2040 of
machines that can do many teraflops, that can simulate the processes in the brain. The question is:
Where’s the software? How do you define morality in
“if – then” statements that you can plug into Fortran?
Observer: If I go back to this issue of the hundredyear versus the thousand-year question, one thing I
observed from the conversation was the remark that
we’re less comfortable with the hundred-year decision
because that involves choices today and tough choices
that we’re discussing. The thousand-year proposition
is more comfortable, but we might remember that the
choices then are already made. And we don’t know
what those choices will be or who will make them. So,
I think that we have to have the trust and confidence
that our spirit of discovery and the thrill of going will
overcome the technical, the political, and the naysayers, and we will get there. We may not know exactly
how, but in that thousand years choices will have been
made and that’s where we’ll be.
Facilitator:

groups now.

Let’s hear the summaries of the last two

Group 4
… we spent a good deal of time talking
about psychosocial issues – selection,
training, and habitation issues …
Young: We had a fantastic discussion group. In talking about issues associated with human adaptation
to long-duration space flight, we spent a good deal
of time talking about psychosocial issues – selection,
training, and habitation issues associated with a crew
that’s going to live together for an extended period of
time. We discussed crew size, and after a brief amount
of discussion, we limited ourselves to a reference mission, which is a Mars exploration mission, 30 months
to Mars, a mission I think we’re all somewhat familiar
with. The conclusion is that we would probably have
a crew of five to seven people. There was some discus-
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sion about the actual number and how that plays into
the psychosocial issues of team uniformity, rivalries,
and organization.
Regarding the crew makeup, the conclusion was
that the primary question is a skill mix, making
sure that we have people on board (obviously crosstrained) who are capable of dealing with the most
likely critical tasks. Those would include a pilot,
even if it is a nonflown vehicle, someone with piloting skills, and an engineer who also is very good at
fixing things, so an engineer/technician. Three scientists was the smallest number that we could come
down to, because, after all, the purpose of going to
Mars is to do science. One would be a paleontologist;
a second would be a geologist specializing in igneous
petrology. And third would be a biologist, probably a
microbiologist.
Chaisson:

No astronomer?

… inevitably it will be international and it should be,
not only because that’s probably how such a mission
would be funded, but it gives a sense
to every individual in the world that he or she
is part of this kind of a mission.
Young: Yes, actually, we did add an astronomer. At
the end of the list, just barely, is an astronomer. And a
medical doctor and – it could be the same person – a
psychologist.
We talked about gender mix, and it was assumed
that it would be beneficial to have a mixed-gender crew. We did not feel that flying couples was a
very good idea. In terms of cultural differences and
whether it should be an international crew, yes, inevitably it will be international and it should be, not only
because that’s probably how such a mission would be
funded, but it gives a sense to every individual in the
world that he or she is part of this kind of a mission.
It is extremely important that there be fluency in
a common language. That goes together with another
important issue, which is that the training be extensive
and involve all aspects of one’s life, so that the families
get to know one another, that the people become, in
fact, part of an extended family for this mission.
Regarding age, it was recommended that women
who are still of childbearing age or possibly going to
bear children should be excluded from the mission

because of the excessive radiation risk that’s associated with it. On the other hand, there was a minority
opinion in our group that, well, it’s their choice. If
they wish to take the risk, they should be enabled. For
the age range, we suggested that the 40- to 50-yearold age range should be considered for issues of both
health stability and maturity.
We then went on to discuss countermeasures to
the debilitating effects of an extended duration of
weightlessness. One of the unexpected areas that was
discussed was looking into the scientific basis of yoga
and its effectiveness in dealing not only with space
sickness – it was reported that one Indian cosmonaut
was successful in using yoga to improve his capability to deal with weightlessness – but also looking into
some of these still-unexplained yoga phenomena,
such as the ability of certain individuals to go without
food for extended periods of time without necessarily
showing any degradation. Clearly, there’s a need for a
larger database on yoga and its relationship to human
adaptation to adverse environments.
There was discussion about genetic alterations
and possibly breeding people for very long-duration
flights. Now, this is no longer the Mars mission, but
the very long missions. There are clearly some advantages to having individuals who have certain physical
characteristics, like being short and light and not
requiring very much volume and not breathing very
much oxygen, not burning up very much food. That
was brought up for discussion but there was no conclusion on that subject.
Would it help to begin training children early on
to become long-duration space voyagers? After all,
it was recognized that there are a number of what I
would call “little league parents” who start training
their children to play in the major leagues from the
age of five. Is there any advantage, in fact, to training
children in the kinds of skills that might be thought
to be of value in long-durational flight? Again, these
are suggestions that were brought up but not ones in
which there was enthusiastic agreement.
We talked at some length about the question of
allowable risks. What should be the permissible risk
and what is it that you’re driving toward in sending
humans out on long-duration space flight? It was
agreed that if you are going to have only one flight,
if there’s one highly visible mission, you really have
to keep the risks extraordinarily low, because it’s in
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the public eye, and the people who support it, both
directly through funding agencies and indirectly as
voters are not likely to have sympathy for the engineering failure that results in the loss of life on a risky
mission. On the other hand, when there are multiple
missions, then I think there will be the understanding
that sometimes accidents happen. So, the acceptable
level of risk will depend upon the visibility and the
uniqueness of the mission.
It was suggested and generally agreed that it would
be preferable, if one could afford it, to send a fleet of
vehicles, and to try to achieve reliability through redundancy, as is common in many military adventures, as
opposed to a single all-or-nothing space mission.
We discussed the question, under
allowable risk: What level of health
would you expect or require for
the returning astronaut?

We discussed the question, under allowable risk:
What level of health would you expect or require for
the returning astronaut? And we were talking only
about missions in which somebody is expected to
come back and lead an otherwise normal life on Earth
after the mission. A: Should the person come back
in as good a shape as he (or she) was before he left?
B: Should he come back in degraded condition but
capable of being recovered through physical training
or rehabilitation or going to a rest home? C: Should
he come back in degraded condition where he may
not be able to fully recover but he would go knowing
that that’s the risk of the mission?
Nobody wanted A. Nobody insisted that you come
back as healthy as you left, which is fortunate, because
we don’t know how to do that. Almost everybody felt
that B was acceptable. If you come back in a degraded
condition but are able to get rehabbed, that was fine.
And most people felt that C was acceptable as well, as
long as the risk was known and clearly understood,
that is, that somebody will come back and may never
recover bone strength to the level it had been before
leaving.
The particularly knotty issue, of course, is radiation
exposure where we all know that more radiation is
worse than less radiation. If you go beyond the Earth’s
magnetic field, you’re going to increase the risk of
176

tumor. What is the acceptable level? That was finally
disposed of in the context of adopting the same kinds
of standards that are applied in the nuclear industry:
How much is an allowable lifetime dose, recognizing
that there is a probability of an increased lifetime risk
of getting a tumor?
I couldn’t generate very much argument with
my artificial gravity presentation, so I assume that
everybody was in agreement that substituting for
weightlessness with artificial gravity was a good thing
to do, but we didn’t have a vote on it.
Continuing on the question of radiation, we
discussed the various possibilities: shielding, electromagnetic radiation, and repair. Interestingly enough,
the feeling was that as biology is making its advances,
there’s more and more likelihood that we’ll be able
to make some success on repair of damaged cells by
radiation, as opposed to preventing the damage in the
first place. That’s an intriguing idea, and, of course,
that goes well beyond the space radiation issue; it goes
over to various diseases, cancer in particular.
On the subject of shielding, we discussed the
question of electromagnetic shielding, particularly
large superconductors, and we felt that with the current technology the mass and the cost are – and are
likely to remain – excessive for the foreseeable future,
and there was more enthusiasm for passive shielding
than there was for active shielding. Passive shielding means, for example, putting all of your water in
your surround so that you are living in a tub in the
middle of a swimming pool, water being a very good
shield against ionizing radiation. And then, of course,
you have the water to fulfill not only your drinking
requirements but also cooling or other requirements.
We turned to the question of life support systems,
and in particular fully closed life support systems,
biological life support systems. We reviewed the
presentation we heard about Biosphere 2 and its
problems. The feeling was that that was discouraging
but not conclusive, and that a good deal of research is
required on biologically closed life support systems,
including such questions as: How large does a system have to be, to be a viable test? We regretted the
absence of serious test facilities at this time for looking at large-scale closed life support systems.
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Hibernation was discussed and dismissed as being not
something likely to be of practical use for humans or
other higher animals.

We touched on a few other issues very briefly. Hibernation was discussed and dismissed as being not
something likely to be of practical use for humans
or other higher animals. On the question of reproduction in space, particularly as it applies to very
long-duration missions in which you would want successive generations of humans to be able to deal with
it, there was no knowledge of data on sperm viability
or reproduction in space. It was suggested that carrying your next generation with you as frozen eggs was
a better solution than the conventional one.
We talked about the importance of information
availability, large databases, easy access, and communication. And that brought us to our closing, in which
the only flown astronaut in our group commented on
the four highlights of his voyage. Jean-Jacques said
that other than the working activity, there were four
things that defined the highlights of his day, and those
should be considered as important, in looking at the
viability of a long-duration flight in terms of keeping
the crew happy. You must remember that he is French,
so Number 1 was dinner. Number 2 was looking out
the window. Number 3 was the Internet and communication, both voice and mail communication, with
his family. Number 4 was exercise.
That concludes our report. Are there any additions
from other members or questions?

… issues of mental health would surely
arise in a longer mission.

Calvin: I would just amplify that we discussed some
of the social issues of having a community that’s large
enough to have good dinner table conversations. But
in particular, some of the issues of mental health
would surely arise in a longer mission. We all probably understand that the instance of depression goes
up with isolation, so there would be issues like that.

Depression is a good example because it’s so relatively
common in the population to start with, but in the
context of space missions – first of all, just the declining ability to get your work done, the tendency to
think slowly but to realize that there’s time pressure
and therefore to make decisions prematurely. There
are all these issues that could arise in space after getting yourself up for the occasion, which I would take
to cover a few weeks. Once you’re past that period,
new things like this will start to happen. We certainly
have antidepressant medications but they also don’t
do the job very well. In particular there is a subset
of depressives that can result in delusional behaviors, and that, in the context of a space station kind
of atmosphere, could get to be quite serious in terms
of safety issues.
Young: Thank you, Bill. I mentioned that we wanted
to have a psychologist or somebody trained in psychology on board. There is a project in process right
now with a name like Psychiatrist in a Box. It’s an
expert system that leads you through a number of psychiatric interviews, and it looks quite good. Finally,
we observed that there have been several publicized
occasions in which there have been breakdowns of
crew morale, to the point of having a strike on board
a spacecraft. So, your predictions, in fact, are in line
with some of the occurrences.
Berry: A most intriguing thing you said: How do you
repair radiation damage?
Young: I refer you to Professor Calvin, who made
that suggestion.
Calvin: I just said that sometime in the future I think
that we will have, for the somatic cells, much more
acceptable solutions, so we won’t get tumors and the
like arising so readily. The germline cells, I assume,
we’re going to solve a different way, namely frozen
embryos taken into space, not only for the safety issue
– you can insulate small masses like this from radiation – but in order to maintain the genetic variety.
With matings in a small population, you would start
losing genetic variety very quickly.
Jha: You discussed the health issues. Did you take it
to the extreme and see what happens in case of somebody not surviving? What happens to the others, in
the psychological sense, in a long journey?
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Young: No, we did not discuss that, but if anybody
has a comment or an opinion on it, this is the time
to share it.
Facilitator:

body?
Young:

one?
Rao:

What would they do with the dead

I don’t know the answer to that. Does any-

They haven’t yet come to that situation.

Young: There have been deaths on board a spacecraft,
but in the two cases I know of, the entire crew died.
Well, on that happy note….

Simpson: The merchant marine operates under an
extraordinary amount of single-person authority,
where there is one person and a clear succession to
command. In small societies, that’s the way it’s likely
to be.
Even the initial North American colonies, frankly,
were all organized that way, with a fairly powerful
individual. It was only after a certain amount of time
that they began to evolve more consensual forms of
government.
Abiodun: I attended a meeting at UNESCO headquar-

Bruckner: It may not be a happy note but it’s one
that we have to be prepared to deal with, and I think
that probably the most effective way is to have some
means of allowing the body to freeze-dry, essentially.
It shouldn’t be too hard to do that. Then we would
have a well-preserved mummy, and the big question
would be whether we leave it there or bring it back.
These things would have to be worked out a priori,
because we don’t want to be unprepared.

ters last October that had to do with ethics of outer
space, and there were two or three astronauts present.
I came out of that meeting with the understanding
that there are strict military rules governing the internal operation of spacecrafts, going into space.
Most of the astronauts, whether they’re from the
same country or from different countries, are subject
to the laws of the country that has the space vehicle,
and the commander actually has command of the
crew as if they were in a military field. This was what
we were told.

Young: A lot of work needs to be done on biologically
closed life support systems. And the radiation issue is
far, far from solved.

Young: My experience on a civilian mission was that
the commander had absolute authority, and that was
really the only rule.

What worries me is governance on
the spaceship. For long-distance
missions in the past, the ones that
worked best were military …
Ward: What worries me is governance on the spaceship. For long-distance missions in the past, the ones
that worked best were military because there was an
absolutely brutal code of military justice. And it was
needed. I’m just wondering if a civilian, not military,
governance set up in a spaceship, especially if one
person goes crazy or has to be incarcerated in any
way, shape, or form, what happens then?
Young: In my experience as a backup crewmember
on a Shuttle mission, there was a civilian mission, but
there was a military-like structure. The commander
was absolutely in charge.
Ward: I’m sure it would have to be that way, but we
haven’t talked about that.
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… in the long-term … we may wish
to have people who don’t fit
the model of the crewmember
that is ideal for the present.
Zimmerman: There is a little bit of history on this
that I am familiar with. There have been a couple of
occasions on Space Shuttle flights where very enthusiastic payload specialists have, in the view of other
crewmembers, endangered the safety of the flight.
They got so excited – it wasn’t a malicious thing at
all. There is a lot of energy flowing, especially in those
first few hours on orbit. So, that became a fairly significant issue in the negotiations over the space station
program and how that would work. I think the comments of others in the room have clearly indicated the
procedure.
I mention this because in the long-term, when
we’re looking at this from the standpoint of our society and humanity, we may wish to have people who
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don’t fit the model of the crewmember that is ideal for
the present. We might want to have artists and poets,
and so forth, whose respect for authority is not necessarily the same as those who are trained to be payload
specialists and mission specialists today. I think that
is a long-term issue we’ll have to address.
Rao: I think there’s some misunderstanding. My
understanding is that when you have a mixed crew,
crew of different nations – yes, otherwise the commander is in charge – but when you have a mixed
crew, the law that is applied is the one to where the
crew person belongs. It is not the same law for everybody. There is some misunderstanding about this. It
came up when the US and Russian astronauts went
together; the Russian astronauts were governed by
the Russian rules and the US astronauts were governed by the US rules.
Facilitator: Let’s conclude the discussion of this
group’s report. Thank you, Dr. Young. Let’s hear from
the leader of the last group.

Group 5
What options are available, realistic
as well as optimistic, and in the end
who will pay for them?
Frisbee: Our group was involved in the area of
advanced space propulsion. One of the questions that
came up several times was: What options are available, realistic as well as optimistic, and in the end who
will pay for them?
Another thing that kept coming up was the issue of
energy. An interesting quote that came out was: “We’re
going to need energy, maybe lots of energy, to get into
space in order to get more energy.” That was an interesting spin on the whole subject. How much energy do
you invest in order to get some future payback?
Another example of trying to manipulate and process energy is the idea of using solar power. Yes, we
can build fission or fusion or antimatter rockets, but
there’s this big fusion reactor 150 million kilometers
away from us called the Sun. We really should start
looking at ways of using solar power, either solar
thermal energy or solar electric, through photovoltaic

cells and the like.
One way to get more solar power is to do things
at Mercury, where you are a lot closer to the Sun and
the sunlight intensity is much higher. For example, if
you have an antimatter factory, you might put it on
Mercury, both because of the safety reasons and just
because of the greater energy availability.
For a lunar mining or processing infrastructure,
there’s a fair amount of helium-3 on the Moon that
could be extracted, baked out of the regolith, and
used for fusion reactors. It’s not entirely clear what the
economics would be of using a deuterium-helium-3
reaction for terrestrial power plants. In principle you
could use deuterium-deuterium, deuterium-tritium,
because shielding is cheap. You just pile up more
concrete. But certainly for a space vehicle and use in
space, deuterium-helium-3 is a much more attractive
option because you get much fewer neutrons coming
out of the fusion reaction.
Another area that came up was the general idea of
trying to get ourselves out of the mindset of always
thinking that we’re “energy poor in space,” and start
thinking “energy rich in space.” For example, a typical robotic planetary spacecraft, on a good day, has
maybe 500 watts of electricity. The Space Shuttle fuel
cells I think are 7 kilowatts. Even the space station
is only about 50 or 100 kilowatts. Well, stop thinking that we have to worry about every watt. Maybe be
a little wasteful and have lots of power available. Of
course, the other end of that is looking at efficiency. If
you have limited energy resources, try to make everything as efficient as possible.
One interesting comment was that one of the challenges we have is energy storage. One of the panel
members said bluntly, “We haven’t invented a new
battery system in a hundred years.” Energy storage is
a real problem. That is, I think, one reason why the
Prometheus program is going towards developing a
lunar-surface nuclear electric reactor system. If you
tried to run on fuel or on solar cells for two weeks,
and then batteries or fuel cells for two weeks of lunar
darkness, it’s a real challenge. Now, yes, you might put
yourself at the lunar pole and stick your solar array
up on a mast so you can always see the Sun, but, in
general, energy storage is going to be a challenge – in
space and also here on Earth.
What kind of systems will be developed, as opposed
to what could be developed? That’s a problem I had,
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because I see all the neat technology toys out there
that I would love to see us develop, and then I say:
“I’ve been at JPL a quarter-century and….” I’ll put it
this way: One of the old-timers talked about really
having a battle with management to go from a cold
gas nitrogen attitude thruster on the Voyager spacecraft to a hydrazine chemical monopropellant attitude
thruster on Voyager. Well, if they had gone cold gas,
they would have had only enough thruster propellant
propulsion barely to do the Saturn end of the mission.
By switching to hydrazine, it keeps going and going.
But it was a battle to switch to a new, advanced, and
untested propulsion technology.
An interesting comment we had, too, is: In trying to get people to want to go into space, what are
they motivated by? One of the comments was: “Just
fun. The excitement of it all.” We’ve talked about all
these serious reasons: for freedom, for money, and for
religious or political intolerance, but a lot of people
just want to do it because it’s like the old mountain
climber saying: “Because it’s there.”
In terms of sources of energy, there is
solar power, things like solar power
satellites, and then also solar-powered
propulsion systems like solar sails.

In terms of sources of energy, there is solar power,
things like solar power satellites, and then also solarpowered propulsion systems like solar sails. They tend
to be very attractive for cargo hauling because they’re
propellantless. They are the Energizer bunny, they
keep going and going and going. I know from some
of our mission studies that because they’re propellantless, if you want to ship cargo to Mars, the weight
of the propulsion system, the solar sail, is only about
equal to the weight of the payload you’re shipping
out. Everything else you can think of, at least in the
near term, is going to be at least several times heavier
than the payload you’re shipping.
We also discussed the idea of combining technologies. In the original Orion concept, you drop fission
or fusion bombs behind the vehicle; it would explode;
the debris and energy from the explosion would hit
a pusher plate; part of the plate would evaporate. It
would go “putt putt putt,” but eventually it would
move you through space. That would be a very effi180

cient system.
What if you tried using an antimatter bomb? That
might be another way of getting you more near-term
applications. I know that there has already been some
research into using antiprotons to initiate uranium
fission. Even a U238 – this was work done by Gerald Smith at Penn State University. The idea there was
that you might have a subcritical mass of uranium
that you could cause to explode that would then trigger a fusion explosion in an inertial confinement
fusion rocket.
The beauty of the scheme is – and they actually
measured it, I guess, at CERN – when you fire an antiproton into a uranium nucleus, you get something
like 16 neutrons coming out, instead of the usual 2
or 3. So, you don’t need the traditional size of critical
mass; you can get something much smaller and still
have a decent reaction. So, there are a lot of possible
combinations and permutations.
Finally, one of our members focused us down by
asking a very simple question. Instead of looking a
thousand years out, what if we were emperor of the
galaxy or at least of Earth, what would we do during the next 50 to 100 years? That’s going to be the
hardest step; how do we get over the bootstrapping
or the problem of which came first, the chicken or the
egg? What would we do in the next 50 to 100 years?
Well, it wouldn’t be antimatter. That’s much further
downstream. One argument was to work very hard
for solar energy development, even to the exclusion of
the more traditional sorts of extraterrestrial resource
mining activities. The energy’s there; it’s free; make
use of it. But the disadvantage of sunlight is that it is
a low energy-density source of energy. That’s one of
the things that hurt it on Earth, because power plant
costs tend to scale with energy density, or if you will,
just the physical size of the facility. Again, that brings
up the issue of energy storage.
Another area that we saw as very important is the
need to sell this to the public – not just in order to get
funding support, but ultimately to get people to put
on these vehicles to send them off.
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… for what would be our first priority, we identified
Earth-to-orbit launch propulsion as a real driver in terms
of how much it costs to put things into orbit.

Finally, for what would be our first priority, we identified Earth-to-orbit launch propulsion as a real driver
in terms of how much it costs to put things into orbit.
I mentioned earlier that it’s on the order of $10,000
per kilogram. Today, if you’re a commercial satellite
user, you have maybe a $100 million satellite and a
$100 million launch vehicle. The two are about equal
in cost. If you could somehow drive that cost down,
potentially lots more people would be using the service because it would be affordable.
So, how would you go about attacking that problem? One approach is to use what are called “combined
cycle” rocket engines, where you have a jet engine or
a scramjet that breathes air in the lower atmosphere,
and then you switch over to a pure rocket mode to get
you the rest of the way to orbit. There has been quite a
bit of research and development in that area.
The space tower came up again, also catapults and
laser-thermal, Earth-to-orbit, air-breathing types of
systems. Once you’re in the orbit and you’re buzzing
around the solar system, in the near term, Moon and
Mars missions will probably use chemical propulsion and maybe nuclear thermal propulsion for Mars.
Again, those would probably be for your high-priority missions, things with people on them, whereas for
cargo, the “slow boat to China” or the supertankers
of the space age might use systems like solar sails or
electric propulsion, either solar electric or nuclear
electric.
So, we’ve all got our work cut out for us over the
next 50 to 100 years. There’s a lot of work to do. And I
wish us good luck.
Facilitator:

Are there any questions or comments?

Young: For electric propulsion, where is the break-even
point, say, on a Mars mission between electric propulsion and chemical? Clearly, if you’re going far enough,
you benefit from a continuous low-thrust engine.
Frisbee: It depends on what your payload is and mass,
which ultimately turns into cost through launch cost.
The electric will always have lower mass, because it

has higher specific impulse. At least for Mars missions,
it’s much slower than the chemical or a nuclear thermal high-thrust system. Chemical with aerobraking
can pretty effectively do a minimum energy transfer.
I think the ideal number is 259 days, Earth to Mars,
with a minimum energy trajectory. Nuclear thermal
can do a year. But for electric propulsion, you think in
terms of the Earth-Mars synotic every 2.2 years. You
would launch cargo in the Mars launch opportunity
before the people go, so that the cargo vehicle would
get to Mars, get into orbit; they could check everything out; and then you would send the people from
Earth on the next launch opportunity.
Now, if you’re going to the outer solar system, then
the electric gives you a lot better trip time because you
can continuously thrust, whereas with a chemical or
even nuclear thermal system, it is essentially one big
burn and then you coast, and then you get another
big burn or aerobraking to put you into orbit.
As a betting man, do you think we will
have solved our propulsion problem
in a thousand years in space for
interstellar type of travel?
Doetsch: Both this morning and this afternoon you
gave us a great range of possible propulsion systems.
We’re talking about a thousand years from now. As
a betting man, do you think we will have solved our
propulsion problem in a thousand years in space for
interstellar type of travel?
Frisbee: Within the solar system, yes. Interstellar is
going to be a hard nut to crack, just because of the
energy and the scale. Now, there are several technologies – I discussed them earlier – that might be very
attractive for doing the mission, but they’re not fast. I
mean, they’re still half the speed of light. The only one
that can get you close to the speed of light would be
the Bussard ramjet. It’s like electric propulsion – you
just keep running the engine until you get up to 90plus percent the speed of light. But that’s also the one
that has the most unknowns, the most little “a miracle
happens here” boxes.
My own personal favorite is the laser sail approach,
because there you only need a sunlight collector the
size of the Earth to run a laser system the size of
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Texas, to hit a sail at 40 light-years the size of Texas.
Now, that’s easy.
While long-wavelength techniques in
the radio and microwave domain
will cut through the dust,
the laser light will not …
Chaisson: Just a technical comment, and one that
came up in our meeting: If you lean too heavily on
the laser sail at great distances, out beyond the Oort
Cloud, we in astronomy have always underestimated
the role of dust and the messiness of dust. While longwavelength techniques in the radio and microwave
domain will cut through the dust, the laser light will
not, and the dust might actually defeat your ability to
concentrate it on a certain target. So, be careful not to
lean too heavily on that.
Frisbee: There’s also the interesting problem that if
you have a sail, what do you do when it hits interstellar
dust? It turns out that’s been looked at, and going out
to about 40 light-years, you’ll lose something like two
or three percent of the surface area of the sail. The particles hit so fast it’s almost like a cookie cutter; you just
punch a little hole out the size of the dust particle.
The concept requires that you have an aluminum
sheet that’s a few hundred atoms thick. I think it’s 16
nanometers. To put it mildly, that’s a challenge. It’s
not your typical Reynolds wrap aluminum foil in the
kitchen.
Kasturirangan: Can you comment on this: If one
uses the lunar base for the takeoff missions to the
planetary exploration, against using Earth as the pad
for launching, consistent with the lunar gravity as well
as the resources on the Moon, would there be specific
preferences that one could assign to the Moon for a
more intense planetary exploration in the context of
space transportation systems?
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At least right now, the argument for
going to the Moon is to learn how
to do things in space … It’s our
kindergarten before we move out
to Mars and beyond …
Frisbee: The argument here for using the Moon as a
launch pad, an actual liftoff point, is the lower gravity,
which means less delta-v. I think it’s only about 2 kilometers per second to go to lunar orbit versus almost
8 or 9 to get into Earth orbit. The other advantage is
that the Moon has sources of hydrogen and oxygen,
which make excellent rocket propellant. Even if you
were using a nuclear thermal rocket, you could electrolyze water and just throw away the oxygen, or use
it for something else. And I suppose that, in principle,
if you found someplace way away from everyone, you
could even use a nuclear rocket to take off directly
from the Moon. They are high-thrust systems.
The issue ultimately is: How much stuff do you have
to bring from the surface of the Earth to Earth orbit,
to lunar orbit, to lunar surface, to set up – again, the
infrastructure that allows you to do this? At least right
now, the argument for going to the Moon is to learn
how to do things in space. It’s a training ground, if you
will. It’s our kindergarten before we move out to Mars
and beyond, not necessarily as a staging base per se.
Now, having said that, we have looked at staging
things from low Earth orbit, from lunar orbit, as well
as the Lagrange points, whichever L is between the
Earth and the Moon. There are one or two. Those are
all possibilities and those have all been studied. So,
the answer is: We don’t know the answer because it’s
all under study, and we still have probably 15 years to
get our act together. But it is certainly a possibility.
Facilitator:

Thank you. That concludes this session.
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What we hope to do now is generate a
consensus from this group as to
what are the three most critical issues,
going forward …
Sesh Velamoor (Facilitator): To me, the most interesting part of the workshop starts now. Over the past
day and a half we’ve heard the different aspects that
come into play in thinking about humans and space
over the thousand-year time frame. What we hope to
do now is generate a consensus from this group as to
what are the three most critical issues, going forward,
in addressing the issue of humans and space in the
next thousand years.
So, we will break up now into the three groups,
each of which will come up with what it believes are
the three most critical issues. The leaders for the three
groups are Dr. Abiodun, Yolanda Berenguer, and Dr.
Chaisson. Please check the Group Assignments section to find your group assignment and room.

The one thing that I would like to invite you to
do is: When you identify these issues, please try to
make sure that points that have not been brought
up are taken into account. For instance, the discussions we have had have mentioned hierarchies, laws,
structures, protocols, and processes in terms of even
getting organized to go to outer space, and whether
it is to be an international cooperative assignment.
What about militarization of space and the weaponization of space? Is there such an issue? Is it already
happening? Are there things to be taken into account
about that?
COPUOS [UN Committee on the Peaceful Uses of
Outer Space] has been brought up many times. Is it
effective? Does it need to be changed? Dr. Abiodun
was telling us some very interesting stories about how
COPUOS functions and how frustrating it is.
We have also mentioned public relations and education of the general public as a very important issue
insofar as taking the rest of humanity along with us as
we go forward. I am inviting you to bring in those and
other issues that have not been brought up.
With that, following a 15-minute break, the group
leaders will take over for the breakout group discussions.
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Eric J. Chaisson (Lead)

… if we are an intelligent civilization,
we’re likely to utilize in some way or another the
source of energy of our parent star.

Krishnaswamy Kasturirangan
Pierre-Alain Schieb
Michael Simpson
Laurence R. Young
James Zimmerman

… we could … consider energy
and its associated issues to be one of
the three factors around which we
want to form a consensus.
Chaisson (Lead): We will be trying to drive toward a
consensus of the three factors that we think might be
the most important. Though the report I will give to
the larger group will be brief, it will concentrate on
those three issues that we have arrived at as a consensus, but I’ll also have a running list here along the
side of my page of the other factors that have been
mentioned among us. Of course, the other two subcommittees will also offer their three, and then it
will be up to Sesh to mold into the final three at the
end of the day. Because I know our group is going
to be a wonderfully active group, and I may not get
this microphone back again, I’m going to suggest my
three issues at the outset.
The first one that I have – and I think many of the
people in the group have – that will be a crucial factor is expressed in terms of the energy consideration.
Whether you consider it to be power, propulsion, or
whatever, it’s the energy problem. The energy problem
that now affects humanity on the Earth is the energy
issue of how we will go there. We may want to discuss aspects of the energy problem; we could, I would
suggest, consider energy and its associated issues to
be one of the three factors around which we want to
form a consensus.

I’m not necessarily in favor of many of the wilder,
far-out schemes that Bob Frisbee was talking about
this morning, although I enjoyed his talk very much.
Basically for me, the energy consideration, whether
it’s energy on the Earth or energy moving people
beyond the Earth, is that if we are an intelligent civilization, we’re likely to utilize in some way or another
the source of energy of our parent star. And it would
be rather foolish of us not to recognize that source of
energy as a free, clean factor that would both ameliorate some of the problems on the Earth, as well as
move people beyond the Earth.
Another factor that I would like to propose is the
notion of risk. Risk has come up again and again. It’s
kind of a sociological factor; it’s not necessarily as
technical an issue. You mentioned this morning a very
good point, Larry, when you noted that many of your
astronaut colleagues have mentioned over the years
that they’re willing to put themselves on the bomb;
they’re willing to take the risks. So, they’re also willing – they’ve stated it to you and some have stated it
to me – to take the risk of substantial activities in low
Earth orbit and other radiation zones. Then you came
up with the statement: “but it was not their decision
to make.” That’s because that is a program of government involvement. So, I’m suggesting that risk might
be another factor that we consider.
That brings me – and maybe these are coupled
together into the same factor – toward entrepreneurs
and private ventures, individualistic efforts by private
companies or whatever, whereby those smaller operations in space, those operations that have an economic
benefit, those operations that are driven privately by
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somebody trying to make a buck will be willing to
accept more risk than a governmental program. In
many ways, those two might be factors that would be
pretty much in the same kind of sociological, publicoriented consideration.
I offer those three – energy, risk, and entrepreneurs
– for you to consider or to attack.
The moment we make it into
something driven by the military,
that has its own rules of the game
for how it is done.

Schieb: I see a discrepancy in targets. It is written that
we should address the time horizon of a thousand
years, but Sesh Velamoor was saying that we should
focus on the framework of law or governance … so
we should decide on whether to use a nearer-term
framework.
Chaisson: Would you consider that we take up 100
years, 200 years, something more practically oriented
in the relatively nearer future?

An important consideration is: The
moment we make it into something driven by the
military, that has its own rules of the game for how
it is done. It could also considerably isolate segments
of people who otherwise would be an integral part of
this endeavor.
The second consideration is: For the scale we are
discussing, for a thousand years, I think it has to be
a planetary scale, not just a national scale. When you
talk of planetary scale, the current systems have to be
thoroughly reviewed in terms of their structures, concept of a nation, concept of a political system, concept
of economics, concept of profit motives.
So, as a prerequisite, a long-term vision for space
needs to look at the models on which this kind of system can be tried, and those models are not the work
of space people alone, but of psychologists, philosophers, social modelers….
Kasturirangan:

Young: Eric, under “energy,” are you including propulsion?
Chaisson: Yes. I generally do include a lot of the issues
that Bob Frisbee was talking about this morning: the
means whereby you bring to bear in a concentrated
fashion some resources to get off the Earth and to
move in space. So, yes, propulsion, power density,
energy considerations, those kind of issues.
Zimmerman: I have a question, because it really affects
how we determine these priorities: Are we taking
literally the thousand-year time frame? If we allow
ourselves to rationalize that in order to plan for a
thousand years you need to take it by bites, then we
may come up with a very different set of priorities.
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Chaisson: Well, the task given to us by the Foundation was that we should be considering a thousand
years.

Kasturirangan: The feeling I have is that the
immediate future is very critical to the long-term
perspectives. We can’t decouple one from the other.
For example, the existing framework of the way we
do things in space by different nations is inhibitive
of a large-scale exploration of the planetary systems
and beyond.
Obviously, there is one particular factor to be
worked on, and we haven’t discussed that question.
We have to discuss the current issues in the context of
moving to the future. But this could be only a delaying
process in case the society itself is capable of transformation. There is a long-term perspective where the
society will be totally differently configured to undertake the type of objectives that we are talking about in
the hundred-thousand-year time frame.
We need to address the pros and cons of one or the
other: Should we go through the shorter route to the
long one, or do we assume that we can totally bypass
the near-term issues simply because the society will
be transformed and we can go straight? These are two
ways in which to look at it. The framework that you
have laid down appears to be more related to looking
at the short term to build up onto the long term.

In terms of time frame, I can’t really distinguish between a century and a millennium, because I
can’t think beyond that. My imagination is limited. I
look back a century to two years post-Wright Brothers; could I, at that time, have envisioned where we
are now? No, no way.
Young:

Chaisson: But do you naturally figure that the three
critical factors that would affect us in the next hundred years will be the same three factors that will
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affect us further out, at a thousand years?
Velamoor: One thing we came up with in an earlier
workshop, when we were dealing with the same difficulty of a thousand years altogether, was to think in
terms of one generation, ten generations, and forty
generations, and see what the issues might be and if
they break down into slightly neater categories.

The solution of the space issues
will have vast influences on the quality
or even the continued existence of
life on Earth.

That’s helpful. Thank you.
My first issue is the same as yours, Eric – energy.
With all three of the issues, the issues associated with
space exploration are also issues that are critical to life
on Earth. The solution of the space issues will have
vast influences on the quality or even the continued
existence of life on Earth.
Young:

Chaisson: Is that a criteria that you place on the factors – that those factors that are useful to us moving
out beyond the Earth should also be useful to us back
on the Earth? Or is it just happenstance?
Young: It’s happenstance. Or maybe it’s about my way

of thinking. I’ll deal with them one at a time.
One is radiation protection for long-duration
space flight. You all know enough about it and have
heard me talk about it. The solutions to it, whether we
end up talking about shielding, better understanding
of radiation, or changing the body with pharmacological treatment or otherwise, are going to be useful
in terms of health and survivability here on Earth. We
may be talking about the equivalent of the injections
one gets against smallpox. Clearly I don’t have a solution in mind, but we may be talking about biological or
physiological treatments – or material ones. We may
want to build our buildings differently in the future.
We may want to pay “hazardous duty” for working
in Denver. We may consider it ridiculous for anyone
ever to want to go out in the sunshine. But the issues
of radiation protection: the low-tech ones (shielding),
the high-tech ones (active shielding), and the ones
that are new tech of pharmacological import.
Chaisson:

Would you consider the radiation-protec-

tion issue to be of paramount importance as is the
energy or propulsion problem? Is it that much of a
technically difficult solution to achieve?
Young: Yes. I believe, Eric, that in terms of human
space exploration within the next century, it is even
more important than propulsion. I don’t think we are
going to have a very happy time sending people to
Mars and saying, “Well, you know that you’re coming back with a 30 percent increased risk of cancer in
your lifetime.”
So, energy was my first point. Radiation protection was the second. And the third one is gravity:
understanding the effects of gravity on Earth biology,
understanding the ways of dealing with reduced gravity.
Chaisson:

Or the lack of gravity.

Young: Well, the fact that gravity has created the evolutionary result that we see sitting around this table.
What is its effect in development and evolution, and
also what is the effect of living in the absence of gravity, and how to deal with it. Those are my top three.
Chaisson: You are identifying the three issues as all
demonstrably technical issues – energy/propulsion,
radiation protection, reduced gravity – as I would
expect someone from MIT to look at the issue: very
technically hard-nosed, leaving aside any of the other
issues of a more sociological nature.

Are we thinking of just a few
or many people leaving the Earth?

Zimmerman: If we need to, you could put those two
together into something called survivability, if we
needed to compromise on it.
A question I have is: Are we thinking of just a few
or many people leaving the Earth? The issues may cut
in a different way. As an individual and not necessarily as society, I am more willing to accept greater risk
associated with survivability on a few, if we can talk
the public into doing that, than I am if we’re talking
about many. I’ll just say that as an observation, not as
a firmly held conviction.
A very interesting thing that I bring up just because

Humanity 3000 “Humans and Space: The Next Thousand Years” Proceedings

187

Section 4.4.1 | Transcripts
Critical Space Issues
Group 1

you two were talking about it with the astronauts:
When we were doing this IAA study, some of the
astronauts strongly advocated one-way tickets. They
are all for this, and they’ll sign up for it tomorrow.

ment. What you see today is not really encouraging.
If you look at the growth pattern of society, budgets
across the world today, it is not very encouraging in
terms of a quantum leap in the space activity.

Chaisson: Loren Shriver told me that he would have
taken the Shuttle even higher when he deployed Hubble, but his crewmates wanted to come back.

Chaisson: Are you suggesting, as a second factor in
your list, internationalism?

Zimmerman: I bring that up only from the context of a
few versus many. If it’s many, we may have a different
standard.

… we need several nations to commit
themselves to pursue space as a
sustainable activity, and then
increase their number.
Kasturirangan: I go with you on energy, but energy
in its totality – I think that is what you are implying
– not only propulsion but also increasing the utilization of energy. But I want to qualify this with respect
to the time frame of a thousand years.
I personally feel that currently we are a profligate
society in the use of energy. So, the energy calculation
that we do today in the context of the projections – if
you look at the alternate sources – there could be a
way in which energy may not become an issue simply
because society becomes more conscious of the way
energy is used, and by this time also some of the critical problems, like the fossil fuel, could give place to
alternate sources, which I’m sure could be around the
corner. So, this is one aspect of it we can keep.
The second thing is we’re talking of a thousand
years and we are talking of a direction, with increasing commitments in terms of resources, because that
is what will take us to where we want. This essentially
means that we need several nations to commit themselves to pursue space as a sustainable activity, and then
increase their number. Now, the mechanism for ensuring that there is an increasing investment, that there
are directions that would feed into a massive program
of humankind’s expansion into the planetary system
is not the task of one nation; therefore, it becomes the
task of many nations. So, it is critical to raise the goals
of a hundred years and a thousand years. We have to
ensure that there is a sustainability of nations that are
currently pursuing space, with increasing commit-
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… it will no longer be the gross national product, but the
gross global product … when it comes to the scale
in which we are going to operate.
Kasturirangan: Internationalism and the ability
to sustain at the international level a program that
has increasing resources being put in – because you
can’t suddenly find that you need a thousand times
more resources in a matter of a hundred years. It just
doesn’t happen unless you have a greater way in which
it grows. So, there is internationalism involved.
This would also look for creating the political systems, the economics systems, because it will no longer
be the gross national product, but the gross global
product. It could be a GGP, rather than GNP, when it
comes to the scale in which we are going to operate.
How are we going to bring the concept of GGP at
a certain level? This essentially means transnational
understandings, which don’t exist today in the context of this. So, I think this is the second point, besides
energy, as an important component of ensuring that
we can reach there.
Chaisson: Let me push you a little harder. You have
indicated that energy might be among your three
choices. Internationalism you mentioned is another.
But how does the economics fit into that? Is economics part of that internationalism factor?
Kasturirangan: Yes, because the models of economy
and political systems are critical to the national role
in the programs.
Zimmerman: I’m in total agreement with the energy
point. To me, survivability could easily be a second,
combining Larry’s two points.
Chaisson: There’s a technical issue that the technicality has to be up to snuff enough to guarantee survival
at some level.

Humanity 3000 “Humans and Space: The Next Thousand Years” Proceedings

Transcripts | Section 4.4.1
Critical Space Issues
Group 1

Zimmerman: Right. And there’s the other side of the
coin there, which is risk. At least there’s a certain element, so you can wrap all three of those together in
one way.
There are several ways to deal with the issue that
Dr. Kasturirangan brought up, and I guess the formulation that I like the best is interdependence. I say
this partly as an American, because I think the United
States has such a hard time recognizing that it might
choose to depend on other partners for at least part
of its space program. For that matter, our friends in
Russia had that issue, too. They’ve been humbled a bit
more than the Americans have, but 50 or 100 or 150 or
500 years from now the tables may well be turned. It
may not be the United States that’s in that position at
that point in time, but I think that as long as we have
a nation-state system, and as long as we assume that
the real adventure of exploring beyond our planet
is a global one, we have to depend on one another,
and find out and talk about the mechanisms – that’s a
separate issue.

Are you suggesting that the concept
of the nation-state must be put into
eclipse here for us to move forward as
citizens of planet Earth?
Chaisson: Are you suggesting that the concept of the
nation-state must be put into eclipse here for us to
move forward as citizens of planet Earth?
Zimmerman: No. In fact, I’m not, because I don’t really
think that we know, and even if we did, that we could
predict what will necessarily be the future – especially
if you look back at the last 500 years. What we can
say is that there will be some sorts of political entities
continuing, that it’s unlikely, at least in our lifetime,
that we will have global taxes, a world constitution,
and all those problems.
But seriously, I think the fact is that the spacefaring
agencies and entities of the world need to depend on
one another in very creative ways, building on what
we’ve done in the past but probably finding a lot of
new mechanisms.

… there’s a movement in the direction
of internationalization … we’re well
on that road, as long as we can keep
weapons out of space.
Young: I wouldn’t be as limited in my view of the limits on internationalization, because we have already,
at the beginning of the 21st century, international
economies. We have globalization of industry, driven
by clear economic benefits. We already have moved a
long way toward freedom of movement – not as far as
we need to, but it’s no longer the case that you have to
grow up in your own village, your own state, or your
own country.
We have an internationalization of science. Scientists not only move relatively freely from one
university to one or another laboratory, but we all
publish in internationally read journals.
There are other things that have not yet gotten there: military, defense issues, political issues,
taxation. But there’s a movement in the direction of
internationalization, and I think that though we have
had problems in international space ventures, we’ve
also had great successes in international space ventures thus far. I think that we’re well on that road, as
long as we can keep weapons out of space. I would
like to hope that we get to that. I think that has to be
one of our issues.
Chaisson: For Jim, energy was one around which
he rallied, as well as technical issues, survivability in
space, which relates to many of the issues that Larry
raised. And then his third one was this interdependency, the internationalism.
But is that third one necessary for us, especially if
we have individualistic, entrepreneurial ventures, is it
necessary to go forth, to leave the Earth?
Zimmerman: First of all, I think it’s necessary to have
an interdependence of the countries, because countries, at least at the moment, still set the legal and
economic ground rules under which the entrepreneurialism can occur. Having said that, though, I fully
share in Larry’s very interesting point, because I think
there’s been great progress. I think that the cup is far
more than half full.
One way to deal with this question is not to put
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it on our list but to put it as a precondition that we
assume will happen. There may be a couple of the factors that we bring up that I rather like doing that with.
That allows us to have more than three, but we can
simply say that we believe that the future venturing of
humans will be a global, interdependent activity.
Schieb: I think I would be more or less on the one- or
two-generation time horizon.
Chaisson:

Eighty to one hundred years.

… all the conditions are weak that
you will have a big jump in
economic investments in space.
Schieb: Yes. We were just distributing scenarios about
the space sector within this kind of time frame, and I’m
afraid that you will not like those scenarios. You are all
in what we call Scenario 1, which is that we are following through a globalization process, which is maybe
not unlikely but very difficult to foresee.
I usually refuse to speak in terms of sustainable
development. I don’t like this very much as a concept
because it’s lacking any kind of operational teeth. I
prefer risk management and a number of other tools
regarding management science. But I think that there
are absolutely strong forces against globalization. One
would be going into what you are not looking for,
which is weaponization of space.
What we see as Scenario 2 is the rise of China and
potentially not an East/West situation but a comparable situation where you have difficulties, where military
spending in space will be the priority, not exploration.
And Scenario 3 is even less interesting, because then
we are coming back to a situation that is far less interdependence and international cooperation.
So, I don’t know what are the probabilities, but
you have a number of weak or strong signals from
society. We talked yesterday about the fact that the
French and others were against a treaty for Europe.
How could they decide to put 20 billion on the table
under such a condition where I’m not sure that they
want to stay together for a huge political project for
the next thousand years? You have the possibility of
strikes or unrest from the north/south – I know it is
a big picture.

190

I would just mention one thing, though. I just
spent the previous two or three days in a seminar on
critical infrastructure protection. You know that terrorism is one of the big threats. Pandemics is what
worries me. I have heard that with the Spanish flu in
1918–1919, the rate of mortality was 2.5 percent. The
avian flu, which is probably on the horizon, has a rate
of mortality of 75 percent. All of what we are saying
could be in jeopardy for one hundred years if we have
75 percent of the world’s population removed.
So, I think that the first priority for the thousandyear project is that the winners have to compensate
for the losers, meaning that we have to make sure that
well-being is everywhere and economic growth is
maintained. This morning we were asking: Is it more
interesting to invest in exploration of space, or is it
more interesting to invest in exploiting the sea? If you
go with a rational economic theory, or if you go with
risk management theory, all the conditions are weak
that you will have a big jump in economic investments
in space. This is why I suggest targeting only one generation. It’s a strong constraint on the short term.
Chaisson: But, Pierre, our task here is to attempt to
identify factors that may help us or hinder us with
regard to moving human populations beyond space.
Are you suggesting that you would, in the near term,
rather reject that notion and suggest that it is up to
us to get our house in order on planet Earth over the
next generation or two, the next hundred years or so,
economically and with peace and justice, before we
move anyone into space?
Schieb: I like very much your question. I think that
if you have this kind of economic rationale behind
it, I am willing to have one-tenth of a percentage in
order to do something. It is possible to have a kind of
rationale of what are the interesting things to do for
human beings.
Another thing that I liked very much was brought
by Dr. Young. I see a very interesting concept for this
notion of human beings in space, which is survivability. From a risk management perspective, you could
see a lot of economies of scale in dealing with shielding, protection, and so forth. This is probably where
we could see some things that I think would be workable – through thinking in terms of risk management.
Chaisson:

Would you not like to suggest several fac-
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tors that would be useful or helpful to us to move into
space, other than the general prerequisite that you feel
is important – namely that over the next generation
or two that we concentrate more on getting our act
together on the surface of the Earth, as a prerequisite
for moving into space? I don’t think that’s a bad idea.

… you cannot succeed without having long-term R&D
development. This is where the argument of government
and international cooperation comes in …
Schieb: The second one is governance, because anything that was said during the last day is regarding the
fact that we are speaking about infrastructure, be it
infrastructure to deliver the energy, infrastructure to
use some kind of technology to get there, infrastructure on the ground, infrastructure for survival. And
infrastructure, as it was said, means money, a large
amount of money, and time constraints. This is why
Scenario 1 is so important, because you cannot succeed without having long-term R&D development.
This is where the argument of government and international cooperation comes in. You need this long
investment in R&D, which means steady or incremental effort, not something that you could have with
ups and downs.

Governance is not government.
If anything, what we’ve seen in the
last five years are the growth
and the possibilities of
private space exploration.
Young: Pierre, though I agree that governance is
an issue and long-term, continued development is
important, I don’t agree that that is limited to governments. Governance is not government. If anything,
what we’ve seen in the last five years are the growth
and the possibilities of private space exploration.
Zimmerman: I’m trying to figure out how we can get
all the topics in the list. I like all these things I hear.
One additional way is to take Pierre’s idea and put it,
again, as a prerequisite. You could call it “peace and
prosperity.”
Chaisson: All right. Just to summarize thus far, before

Michael tells us what we should do, we are rallying
around a couple of points: energy and technical considerations, broadly considered. I’ll flush those a little
bit more in my report. But we also are rallying around
two prerequisites so that we end up with five factors
to put on the table, and those two prerequisites are
the possibility that we ought to get our act together
locally before we do anything by way of leaving the
Earth, and also the issue of internationalism and the
need for an economic system to back up all this to
make it gel.
Michael, tell us the truth.

… if we can’t solve survivability,
we don’t go.

Simpson: Okay. The way I’m looking at this issue,
trying to figure out three critical issues for the next
thousand years for humanity in space, I’m looking at
a concept that I’ve used once or twice in other planning sessions that I call vector anchors. That is, what
is the basic point from which we begin a vector that
begins to create decision opportunities down the way?
So, that starts you off in a direction, and of course that
direction could change down the line.
One of those, absolutely, as far as I’m concerned,
is energy. There is no decision about humankind’s
relationship to space that is not affected by energy. If
energy gets to be very low cost, we get a lot more private activity; we bring in a lot more money; and we
do a lot more things. If it stays high cost, this becomes
a social investment that’s controlled by governments
or some other transnational kind of entity. So, energy
decides a lot of where we are in the future. And its
cost in particular decides that.
The second one, I think, is the survivability issue.
Survivability is an issue that none of us – spacefarers
that we all are by heart – has really wanted to deal with.
If this one is not solved, then humankind’s relationship
with space over the next thousand years will be learning from the machines we send beyond the planet,
because if we can’t solve survivability, we don’t go.
Chaisson: Are you saying that we ought to do that
with machines first?
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The critical piece in governance
is conflict management. Human
beings are conflicted and conflictual
creatures, historically. There will
be conflict in space.
Simpson: What I’m saying is: If we can’t find a way to
get human beings out and back in a reasonably healthy
way so that they can perform off planet, human beings
don’t go. That is why I call it a vector anchor. It affects
where we move away from. If we can’t solve that, we’re
down to a point that a lot of us would not particularly
love, and that is that we don’t get to play in the playground except intellectually, based on the data that
are brought back to us by our machines.
The third – which, of course, necessarily assumes
that we’ve solved survivability in many contexts but
not completely – is a derivative of some of what we’ve
talked about with governance. The critical piece in
governance is conflict management. Human beings
are conflicted and conflictual creatures, historically.
There will be conflict in space. We will do everything
in our power to reduce it, to mitigate it, but there
will be conflict in space. There will be some murder
in space, there will be, as soon as it’s an opportunity,
rape in space, there will be theft in space, and there
will be some form of social misbehavior, conflict,
warfare, that will occur in space. We may be able to
reduce that amount, but I cannot imagine, extrapolating from human history, that we will have none of
it. Some of us have spoken as if we desperately hope
we could have none of it. I’m not sure that’s the case,
because there will be scarce resources in space and,
in some cases, scarce to the point of affecting sustainability of life. People will fight over those if we’re not
careful about how we manage that issue – not just in
managing the conflict but keeping it from getting to
the point where it’s one person’s survival or another.
Even if all we do is send machines to space, we’re
going to have to resolve some issues that have come
up later in this conversation, such as the products
that machines extract from other bodies: Who owns
them? For what purpose, for what uses? What peoples
will they benefit, in what circumstances? What ethical principles do we use in terms of what products
we repatriate and what we don’t? That will be part of
the conflict management issue that will affect the way
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humankind relates to space. As far as I can see forward,
those three issues are going to be utterly critical.
To review, then, your three issues: The
first two are more technically oriented, energy and
survivability, but the third issue is much more of a
sociological issue in general, governance in space.
Chaisson:

Simpson: Not just allocation governance, but conflict
management.
Chaisson: All right. So, as a group we are rallying
around two issues: the energy issue and, broadly considered, the survivability issue of a technical nature.
But I’m not yet hearing, despite the eloquent plea
from Michael alone, about sociology, although my
third issue of risk and entrepreneurship was also in
the area of sociology. I’m not hearing a strong third
consensus.
We don’t need a third factor. We have those two
prerequisites, after all. We could go before the group
here as a subgroup with two factors that we strongly
rally around, with two prerequisites.

I vote for entrepreneurship. I’m not sure
that’s the right word, but I vote for that one because
I think that really is a strong motivator. I’m less persuaded by Michael’s conflict management because I
think that has a positive side as well as a negative, and
I think that’s a management issue. It’s an issue but I
think we manage it. We have conflict and that’s why
we have competition.
Zimmerman:

Simpson: Your last summary brings to mind one comment. On the prerequisites, I’m not convinced that a
healthy, happy, holistic, and well-managed, fair planet
Earth is a prerequisite. It wasn’t a prerequisite for
exploration when people left Europe. In fact, almost
the alternative: The fact that it was not exactly a wonderful place to be encouraged people to leave it. And I
think that other periods of significant migration have
occurred at times when what people were leaving was
considered to be eminently “leaveable.”
Chaisson: We have a conflict here. We have one point
of view from Pierre, suggesting that there ought to be
this crucial prerequisite that we get our act in order
on planet Earth before we do this. And now we have
Michael’s suggestion this is not necessarily a prerequisite, because it’s outside of the charge that we’ve been
given by the Foundation.
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Schieb: I don’t see a contradiction or discrepancy,
because I think those are the two options. One is, as I
said, a scenario on group organization in which peace
and prosperity are continuing, and there you have
interdependencies and international cooperation. The
other one, which is maybe more plausible, is weaponization. As a prerequisite, it could be one of the two.

… if we’re talking about long-term
human exploration of space,
the presence of weapons in space
is a very strong deterrent.
Young: Regarding weaponization, Jim made a face
when this came up before. Jim, maybe you should
speak to it. It seems to me that if we’re talking about
long-term human exploration of space, the presence
of weapons in space is a very strong deterrent. It’s very
dangerous. We have thus far avoided it. Clearly there
are substantial military uses of space right now, but
they’re all on the reconnaissance – at least, the ones
I know about.
Zimmerman: I share your view, but I raise this as a
practical question: How do we translate this concern,
which we probably all share, into something that
meets the requirements of these top three criteria?
We could put it as a subconcern under this “peace and
prosperity” point. If we go the way of weaponization,
we can forget the rest. To me, it is a huge concern.

Michael spoke about conflict management in space. Some of the things we could
probably put together in one form with respect to
conflict management in space, including international
interdependence and the aspects of entrepreneurship.
Kasturirangan:

Chaisson: Do people in the group feel comfortable
rallying around a third factor that would be in the
area of privatization, individual ventureship, entrepreneurship, the sociological opportunity of individuals
to move beyond Earth independent of government
efforts? It’s hard to articulate.

It cannot be totally an
entrepreneurship-guided expansion
into outer space. It has to have
the role of government.
Kasturirangan: It cannot be totally an entrepreneurship-guided expansion into outer space. It has to have
the role of government.
Chaisson: You think it does have to have the role of
government.
Kasturirangan:

I think so.

Schieb: Can we say something about the prerequisite being that this would be under free market, civil
rights, and democracies? You cannot have entrepreneurship if you are in a military scenario. This goes
into the prerequisite that some kind of democratic
societies and free markets still exist.
Young: That’s consistent with what we’re saying, but
I think what really was more to the point when we
brought it up was that the governance issue that you
so clearly stated has to be solved for these major new
explorations does not imply that it is governmental
support, either national or international. It can be the
governance of private entities. That’s a trend that we
have seen begin in the last few years and, in my opinion, should be encouraged.
Simpson: I agree that it’s an important trend and that
entrepreneuralism and individual access to space are
important. The issue is: Is it one of the three most
critical items?
Although we all react with horror to the potential
on Earth of weaponization affecting military activity
on this planet, I suggest to you that because we have
individuals and entrepreneurs and some relatively
wealthy folks who are going to be able to head off
to space and are going to be trying to exploit some
resources, these people themselves, because of the
access to the technologies of weaponization, may
well, in the absence of sovereignties in space, have
some of these weapons with them. Some of them will
misbehave with these weapons, and then how do governments react? I believe governments will have an
enormous role to play here for a long period of time.
They will react with a measure of force equivalent to
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what they have to overcome.
I think we need to keep in mind that, unless we
suspend belief based on the history of the human species, there will be some kind of higher-order conflict
in space to be managed. And it’s going to have some
machines of conflict involved that are nasty. We need
to find a way, in the next thousand years, to recognize that that will happen often enough for us to need
some way to keep it from getting out of hand.
Chaisson: Would you rather that I offer two strong
factors that we rallied about along with a prerequisite
or two, and not offer a third factor? Or would you, as a
group, want to put me through the agony of trying to
express our uncertainty concerning the third factor,
individual entrepreneurship versus a more heavily
governmental-oriented stipulation?
Zimmerman: I don’t think we’re at a consensus on
three, so I guess I would go with two. But in my mind
we’re talking about two different categories of issues.
This business of entrepreneurship doesn’t necessarily
mean individuals. Countries can be entrepreneurs. In
my mind there’s a very persuasive argument for that.
I fully understand that we have all these problems, but those are problems we’re going to encounter
whether we’re here on Earth or in space, and we simply have to deal with them.
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… more important than the issue of
government or private is this issue:
What do we do with the inevitability of
conflict beyond our atmosphere?
Simpson: If I’m trying to complete the difficult task
of predicting where humankind will be, related to
space, in a thousand years, it makes a huge difference – and therefore it is a critical issue – whether or
not we achieve the idealistic notion of making that
entire march into space without a serious, organized,
machine-aided conflict. Call that weaponization or
whatever, it’s a huge difference in where we are a thousand years from now if we get outbound without that
conflict, or if, as history would tend to imply, we have
at least some of it along the way, mitigated perhaps by
our experience. To claim that it just won’t happen is, I
think, to suspend belief.
The issue is not whether it’s government or private;
more important than the issue of government or private is this issue: What do we do with the inevitability
of conflict beyond our atmosphere?
Chaisson: We’re out of time. I’ll make a real-time
decision as to whether or not to make an attempt at
the third factor.
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Yolanda Berenguer (Lead)

… the first step should be the Moon as
a staging point and then go to Mars
… The first step to do that is to start
heating the planet.

Adrian Berry
Jean-Jacques Favier
Robert Frisbee
U.R. Rao
Christian Sallaberger

We are here to discuss and decide on
the three critical issues of
humans in space.
Berenguer (Lead): We are here to discuss and decide
on the three critical issues of humans in space. Let’s
first have a round with each of us giving two critical
issues and explaining why this is the most important
issue. Can we start with you, Robert?

… low-cost access to space with an
emphasis on Earth-to-orbit in the
near term and then general in-space
propulsion in the more far term.
Frisbee: Okay. My two most important issues would
be low-cost access to space with an emphasis on
Earth-to-orbit in the near term and then general inspace propulsion in the more far term.
Number 2 would be extraction and utilization of
extraterrestrial resources, including energy and material.

Rao: My first priority is to look at the immediate problem, the next 50 or 100 years, looking at the energy
requirements and what are the various ways in which
space can be used, perhaps space power stations, and
so on, and how we can essentially make sure that
Earth becomes a sustainable planet. That would be
my first issue.
My second priority would be to look at the thousand-year scenario. When I look at the thousand-year
scenario, whether it is in terms of the exploration or
the exploitation of the resources, it looks to me that
the first step should be the Moon as a staging point
and then go to Mars. If we are talking of colonization,
Mars looks to me the brightest place, but then there
are critical issues. The first step to do that is to start
heating the planet. These are matters that we know
now what to do, which is essentially to melt the water
and once the water flows it will start providing oxygen. Then you can have the bacteria, which essentially
bring photosynthesis. This will increase, hopefully,
from the present less than a millibar of oxygen to
about 8 to 10 millibars, when we can get the hardy
plants and lichens, and eventually take it to 100 millibars, which is where humans can survive. This can
be done with plants.
The entire scenario needs to be worked out. It is
distinctly feasible. The greenhouse effect that will
start the moment you start oxygen buildup will itself
ensure that you have an oxygen balance coming
through, but we need to start looking at how this can
be done. After making Mars a habitable planet, then
we can explore resources and that becomes the second most important thing.
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My third important issue is: If this program really
is to succeed, it has to be an international program
shared with all nations. This will be possible because,
hopefully by the end of this century, we will have zerogrowth population; that is what is expected from all
the models. We should at least come to a point where
we should improve the quality of life.
For reasonably good progress and
for the international cooperation,
we must ensure that space is not
weaponized or militarized.

To make it happen, I think we must ensure that space
is not going to be militarized. Militarization of space
must be stopped at any cost. For reasonably good progress and for the international cooperation, we must
ensure that space is not weaponized or militarized.

… we must, over the next few centuries,
do very much more study and learn
much more about advanced physics …
Berry: I agree with the last speaker, that two of the
most important things are, first of all, get cheaply into
orbit, very cheaply, and second, do something about
Mars and the asteroids. I don’t agree with him that
this is a matter for governments or international at all.
I think that this will be largely privately financed, as
we’re beginning to see already.
Now, my third issue, which is a subject that hasn’t
been discussed at all during this workshop, is that we
must, over the next few centuries, do very much more
study and learn much more about advanced physics
than we know already – in particular, aiming towards
the question: Is it possible to make journeys through
what science fiction writers call hyperspace and go, in
effect, beyond the speed limit of light?
We should examine and reexamine Einstein’s general theory of relativity, which is the most complex
document that exists in the whole world. Einstein
himself didn’t understand the implications of many of
the equations. With new generations of supercomputers, we should try to work out more and more about
the structure of space and to see how this meshes
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with our knowledge of quantum mechanics, to see
if journeys through hyperspace can be made. If they
can be made, it is far better and safer, and this should
be discovered in the comparatively near future, rather
than 600 or 700 years from now when we have occupied planets of many of the nearest stars and suddenly
instantaneous travel becomes possible, and civilization disappears at once and reverts to barbarism.
If we stay with the technologies of just
yesterday and today, we will not be
able to have an ambitious program …
we should find a real breakthrough in
transportation.
Favier: The first, for me, will be to find a good reason,

at the planetary or Earth level, to engage in such a
big endeavor, because if we want to make something
consistent and sustainable, we have to envision a very
large program. Therefore, it should be international,
as has already been said, and all the people on the
planet should share the investment that we are ready
to make. So, this is the first question mark I have.
The second is transportation. If we stay with the
technologies of just yesterday and today, we will not
be able to have an ambitious program; it will be the
continuation of what we did in the past with the
present technologies or some evolutions, but nothing more. So, we should find a real breakthrough in
transportation.
And third is to find what I call the “safe haven,” the
place to go where we could find conditions in which
life as we know it on Earth could expand. There are
several options, like terraforming of Mars. There are
probably other options for the long term, if we discover new exoplanets that are Earth-like. It is possible
to expect that if we just look at the speed at which we
have discovered exoplanets in these last 15 years. I’m
sure that in the years or decades to come we will find
other worlds very close to the one we are on. The only
problem will be to evaluate at which distance this new
world will be, and we come back to the transportation
issue.
Frisbee: I have given two issues already. My third
issue would be: We need to determine what is the
minimum gravity required for long-term human
habitation. Nobody is going to want to spend four
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hours a day on a treadmill, no matter how good the
atmosphere of the planet is, no matter how comfortable it is. You can walk outside; you could terraform
the Moon; you could terraform Mars. If it turns out
that humans have to have something near 1-G, then
we have to terraform Venus, because that’s the only
other place in the solar system where we have 1-G or
close to 1-G on a planetary surface.
You would need some pretty hardy plants or algae
to start eating CO2. And even then apparently Venus
is too close.
Rao:

Too close and too hot.

Favier: I don’t think that the 1-G issue is a real issue.
From my very small experience, I can tell you that it
is very easy to accommodate to a new environment –
microgravity in particular. Of course, we’ll have some
modification, and we may have irreversible modifications if we have many generations living in these
conditions. But it’s acceptable. What may be more difficult is the radiation problem.
Rao: I’m not very sure that radiation is going to be a
serious problem, once we have terraformed and we
have an atmosphere. The reason radiation could be a
problem is because of the fact that Mars does not have
a magnetic field. Once you have atmosphere, most of
the cosmic rays will get….
Favier:
Rao:

Not all.

No, not all, but most.

Favier:

The magnetic field is important.

Rao: The magnetic field, as far as our discussion goes,
affects the cosmic rays only at the equator, but at the
polar regions, the cosmic rays will be exactly what
comes through the galaxy. They just come through.
Only at the equator, up to the geomagnetic knee – the
cosmic ray effect is there. And, of course, the cosmic
ray effect is maximum at the geomagnetic equator,
and even there it is maximum in India.

… we must not expect governments to finance very
ambitious, long-term space programs … The people
who live on Mars will not be voting for them or paying
taxes to them, so why should they do it?
Berry: One comment I would like to make is that I
think that we must not expect governments to finance
very ambitious, long-term space programs. It is just
not what governments do. Should we expect them to
terraform Mars? Why? The people who live on Mars
will not be voting for them or paying taxes to them,
so why should they do it? I think you’ve got to face
the fact that these things will be privately done by pioneers.
Berenguer: Yes. That was my next question. Do you
think there’s going to be a proliferation of private
companies, as opposed to what’s going on right now?
There are only about a handful of private companies
in space industries. And their objectives are kind of
limited and linked to the space agencies. What do you
think of this industry in the next thousand years?

We must ensure that … there is a common
understanding that space will be preserved for peaceful
uses … Otherwise we will have no space security.
Rao: I think there is much to be said about private
industry, but I don’t think it will get moving for an
undertaking of this magnitude. Just going to Mars
and coming back a few times, yes, private industry
would do, but terraforming is only possible by the
governments. Even if the private industries pitch in
– they may certainly help – it has to be under leadership of the governments.
But whatever we do, I think the most important
thing is militarization. We must ensure that through
COPUOS [Committee on Peaceful Uses of Outer
Space], the United Nations system, there is a common
understanding that space will be preserved for peaceful uses. That is extremely important. Otherwise we
will have no space security. Even as it is, the space
security has become a matter of big discussion in the
ethics committee in UNESCO and elsewhere because
of the fact that the ASATs are being opened and all
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sorts of things are being done.
Frisbee: In the near term, we may be able to look to
past interactions between government and private
industry. The example I like to look at is the transcontinental railroad in the United States. There were
government subsidies paid to the railroad companies
– so many dollars per mile of track laid – but the
thing that made it financially attractive and doable
for the railroad companies was not so much the dollars paid while they were building the railroad, but
rather the land grant, the land given to the railroad on
either side of the tracks. The railroads looked at that
and said: The land is a valuable resource that we can
sell to homesteaders and farmers, and that’s where the
money will be made. First we will sell them the land
and then we will charge them to transport themselves,
their households, their goods, and then to transport
the products they make back to waiting markets. I
still think that may be a viable option.
The issue here is that right now nobody “owns the
land” in space. What would it take, what would the
issues involved be, in either an international body or
perhaps national governments saying to private companies: “We have so much area of the Moon. If you
will build a transportation system to the Moon, we will
promise that you will have so many thousand square
kilometers of lunar surface that you can then exploit.”

Right now the United Nations is made
up of 60 spacefaring nations …

Berenguer: Do you think, then, that there is a need for

a supranational body that would come up with different policies on how to explore space in the next 20 or
40 years? Right now the United Nations is made up of
60 spacefaring nations, but I’m not sure if COPUOS
is really going to be effective if, one day, there will be
a decision from major powers that they would like to
have military objectives when they send spaceships
out into outer space. Professor Rao, you were Chairman of this committee before….
Rao: Well, the UN-COPUOS, in which 67 nations are
represented today, I don’t think it will direct but it will
formulate certain truths so that if we talk of ensuring
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that militarization should not be done, then the treaty
has to be passed and all the existing treaties have to be
modified. In this case, the existing treaty of what we
call “the Magna Carta of Space” needs to be modified,
but that is very easy.
Like in the Law of the Sea, where, for example,
various nations have a certain amount of sovereignty
for exploitation, automatically once it is accepted,
the nations will form a system. I don’t think that the
United Nations has the capability to do it, but the
United Nations will provide an umbrella. If you form
a consortium like that, where the nations are involved,
private parties can also contribute. Private parties,
I believe, will contribute when they see the return,
and not till then. When they see a certain amount
of return, they will suddenly come in. Therefore, we
have to keep our options open.
Launching is done by private parties today. The satellites are built. Private parties are doing it, but certain
umbrellas are provided by countries – for example,
the question of liability. If you have a private rocket
that is be launched, up to $500 million everybody
who has a satellite has to insure, but beyond that,
it is the country. Even if it is Delta that is doing the
launch, the liability is assumed by the United States or
by India or it might be another country.
We should certainly not prevent the private parties from coming, but there must be an international
understanding to go ahead together, and the sharing
of the expenses can be determined, as is done for the
United Nations. But the United Nations itself should
not take charge of it.
Berenguer: Christian, can you give us three critical
issues, for the immediate term, the medium term, and
the long term?

… the immediate issue facing
humanity’s expansion into space is
the lowering of the launch costs.

I think the immediate issue facing
humanity’s expansion into space is the lowering of
the launch costs. That’s critical; it’s the sine qua non
that we need to solve before we actually get humanity
moving to a solar species rather than a terrestrial one.
Sallaberger:
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And we’ve talked a fair bit about that earlier today.
In the intermediate term, it’s going to be around
the effective use of resources in space: the support of
humanity’s expansion through in situ resource utilization, in situ propellant production, and this idea that
as we build up an infrastructure in space – cislunar
and then beyond to Mars and further out – that we
actually are able to sustain that kind of a human presence effectively. And to do that, we need to solve this
issue of how we effectively use the local resources as
humanity spreads out from the Earth.
For the long-term, I don’t know the key longterm issue. I had thought it might revolve around
terraforming other sites into more terrestrial-type
environments, like Mars terraforming. I’m not fully
convinced of that but I’m happy to discuss with you
about it.
Berenguer: Do you think that there’s going to be an
evolution of world order? Would there be nationstates? Would there be, by that time, an equality of
nation-states? Will there still be developing countries
then? Or will there be equality in the positions of the
nation-states? Will the private companies be the ruling
body because they’re the ones who can afford to be?

this move towards providing lower-cost energy and
more global energy might be something that solves
that as well – that being one of the drivers that we
identified also for humanity’s expansion into space.
Perhaps it is not only something enabled by that, but
something that enables that.
Frisbee: I would agree with what Christian said in
the sense of nation-states becoming less important,
and add that corporations may become the new
nation-states, in the sense that we’re already seeing
globalizations of economies. That interconnectivity of economic self-interest, I think, will eventually
outweigh the political, nationalistic self-interest that
we see today. For example, most of the products in
this room were not made in the United States. Also,
the people in this room were not born in the United
States, so we have already a free flow of material; we
have a free flow of ideas; and we have a free flow of
people. I think that’s only going to expand.
Sallaberger: Do you see this increase in importance
of the companies as being positive or negative?

Maybe what we need is a military
space race to spur development
… the downside is that that same
development could wipe out
everything on the planet …

Berry: Those seem to be questions for a politician to
answer.
Sallaberger: As a nonpolitician, perhaps, and only an
amateur observer, I see the importance of the nationstates decreasing. Over the last decades, we see less
and less emphasis on that. We see an increase in integration. We see it in Europe through the European
community, and we see it in North America with the
common North American free trade and increased
intercontinental activity between the nations.
So, I think the role of the nation-states, as they
were over the past few centuries, will continue to
decrease. If we’re envisioning a world a thousand
years from now, it’s quite conceivable that we would
see much less emphasis on that. Whether there will
still be parts of the world that are challenged or
developing, perhaps it’s the case. It seems linked to
the energy question as well, where some parts of the
world have higher cost of energy or more difficulty
getting energy. And as those developing parts of the
world come up to the level of the developed world, we
see the energy requirements come up as well. Perhaps

Frisbee: It depends on the company. Like any other
force, I suspect it will be something that can be a good
or a bad thing.
And speaking of bad things, I would like to be
iconoclastic and throw in the idea that maybe militarization of space is not a bad thing – if we don’t use it to
blow ourselves up. One of the questions that was asked
earlier in the conference was: Where do you think
aeronautics – airline transportation – would be today
without the impetus of two World Wars to spur its
development? Maybe what we need is a military space
race to spur development. Now, the downside is that
that same development could wipe out everything on
the planet, and this would all become a moot point.
Berry: To turn our thoughts again to the long term, we
must find out during the next 300 years whether we
are living in a relativistic or a hyperspacial universe. If
we think we’re living in relativistic universe and then
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600 years after that we discover that this is not the
case, but we’re living in a hyperspacial universe, then
the consequences could be war without end.
By relativistic, I mean the universe that we think
we’re living in, where anything traveling beyond the
speed of light is seen as impossible; by hyperspacial, I
mean a universe where instantaneous space journeys
are possible.
We need desperately to know which of these is the
one we’re living in. The only way we’re going to do
that is by thoroughly exploring everything we know
about physics – again and again and again with new
generations and new generations of supercomputers.

Really, the right word is weaponization
of space. That is where
the problems are.
Rao: I think there is a bit of a definition problem
when we say militarization of space. For example, the
“big bird” is not a part of the militarization of space.
Really, the right word is weaponization of space. That
is where the problems are. ASAT weapons [anti-satellite weapons] are a different matter. They started as
a part of the “Star Wars” Strategic Defense Initiative
– again, there seems to be a reopening of it, particularly with the present situation, and the result is that
Russia has gone ahead and started building up ASAT
weapons with weapon testing, and so on. These are
the types of things that are the problems.
The “big birds” have been there; people have not
worried about it. There have been other craft that
nobody has objected to. The objections now come
because of the reopening of the so-called “Star Wars”
scenario, which is with the ASAT weapons. In fact,
people are even talking of placing space mines. We
already have enough problems with the land mines!
This not only affects the warring parties but everybody else.

… space provides us an opportunity to
bring together that critical mass of the
best minds, the key thinkers, that
could actually produce those
benefits for society …
Sallaberger: I think Robert made a good point that
in the past we’ve seen that military activities have
had broad benefits, such as commercial airline travel
coming out of military programs. And if we look back
in history, we see a lot of that, where the critical mass
of scientists and engineers that are brought together
for military activities – one of the few activities where
you bring together all your brightest people – have
generated this benefit for society.
Having said that, I think we’re in an age where perhaps we can move to the next step. And I think that
space provides us an opportunity to bring together
that critical mass of the best minds, the key thinkers,
that could actually produce those benefits for society
without being concerned about how we’re going to
blow each other up. I think we’ve seen a little bit of
that already in space when we look at things like the
computer revolution, which one could argue to what
extent that was really driven by the space activities,
but to a large extent that whole development of computer technology was really given a big push by space
activities.
So, if we can extrapolate from that and perhaps
envision a world a hundred years from now, a thousand years from now, where space perhaps provides
that activity where the key thinkers of society, the
key scientists and engineers could work to benefit
humanity globally, I think we would be in a healthier
scenario than one where – whatever we call it, militarization of space or weaponization of space – would
perhaps provide some similar kind of benefits.
Berenguer: I have one more question to Adrian. You
mentioned something on advanced physics and the
need for furthering education. Can you expound
more on that? How do you see education between
now and the next 20 years?
Berry: When I mentioned advanced physics, I wasn’t
thinking about education at all. I was wondering
whether or not we will be able to make wormhole
journeys or black hole journeys or instantaneous
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journeys – whether we are bound by special relativity
or not bound by it. And this is frightfully important.
If we fail to discover this for another 600 years and
then do discover it, everything that we’ve established
in the first 400 or 500 years could be utterly destroyed
and there would be endless wars.
Frisbee: I’ll talk a little bit about the education part.
I think one of the most powerful uses of space has
been education. One of the early programs that India
did was using satellites to beam education programs
to rural, underdeveloped areas. If there’s one thing
history has shown – again, to use my bad joke about
propulsion – the three things you need to get out
of poverty are education, education, and education.
We are moving from an age of material processing
to information processing – not a lot of mass but a
whole lot of value – and education is absolutely critical across the globe. In a lot of parts of the world, a lot
of parts of America, education is very bad. And space
is one way to encourage it.
One more point about militarization: It’s a real
problem, but sometimes there may be cases when
military-like activities can have significant benefit. Apollo was an example. It got the resources
because it was a pseudo-military program. It was the
Cold War. Maybe in the future we could imagine a
debris-removal program using military groundbased, anti-missile lasers or other systems. It would
be something that the military wants; it would also
be something that nonmilitary, civilian, commercial
programs would want. So, maybe there are ways of
turning the military around and beating our swords
into plowshares.

We were talking about colonization of
space. Give me a good reason to do it.

Favier: I would like to come back to my previous question, because nobody answered it. We were talking
about colonization of space. Give me a good reason
to do it. If we don’t find this good reason, I don’t see
why to do it because it’s so complicated to go in this
outside world that we will never colonize, and the
future I would see for space activities will be more sci-

ence-driven, or business-driven in certain cases, and
we’ll only have some outpost bases on the Moon, like
Concordia in Antarctica. That’s the only good reason
I see today to try to go to the Moon or to Mars.
If we could find a good reason, maybe in several
centuries from now, we will probably have all the
key actors, the stakeholders, finding means to do it,
because there is no way to escape such a venture. And
we will probably have government, or what will be
left from government centuries from now, plus private companies doing the job. But we have to find
this good reason to go. If we don’t, I think it will be
just driven by science or eventually by tourism or
things like that, but that will be a very small activity
compared to what we are talking about when talking
about colonization.
Berenguer: I read somewhere that the pressure of
the population explosion can lead one to get off the
Earth. Would that be a possibility?
Rao: Three or four reasons are given. One, of course,
is the pressure of population and the limited resources
we have on Earth. The population is expected to be at
least 12 billion, which is double the current population, and the Earth’s resources are already stretched
too much.
The second thing is the possibility of any catastrophe happening. We have almost a single-point failure
when humans are only on this planet. We need to
have humans elsewhere too, so that the entire human
species will not be wiped out.
Favier:

It’s having all eggs in the same basket.

Rao: Yes. The third thing – we’re talking a thousand
years – with man’s quest for adventure, where does
he go? Tsiolkovsky said that we are born in this cradle but that doesn’t mean that we should stay in this
cradle all the time. Therefore, we will have to go out.
That is a driver. Those are the two or three reasons
given so far.
For the short term, I think that we’re all agreed that
space programs should be to look at the improvement
of the quality of life on this planet. Natural resources,
energy, education – all these things come into the
picture in this process, using space technology and
building up the necessary expertise for centuries
beyond.
For the long term, having built up the knowledge,
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we are talking about humankind’s exploration outside,
going to the Moon and probably colonies on Mars,
and so on. But for all this, we need to develop technologies, whether we start building the elevators on
the Moon and certainly on the geostationary orbit, so
that the Moon becomes a staging point. But for that,
you really have to develop the nanotechnology. That
probably can’t be done within the next 200 years, so
we’re talking a thousand years for it to happen.
The third thing is that this must be made an international effort and to ensure that space is used for
peaceful purposes.
Berry: I hope I haven’t been too obscure when I talk
about the urgent need to find the complete solution
to Einstein’s equations – and why it’s very dangerous
to solve them late, and very good to solve them early.
We must know whether or not it’s possible to travel
instantaneously or whether we’re bound by the limits
of the speed of light. If we think one and, in fact, the
truth is the other, then we could be in terrible danger
from each other, from ourselves.

I would like to add one cautionary tale. I’ve
heard it said (I don’t know for sure if it’s true) that as
a fraction of the federal budget, if you will, the cost
of Christopher Columbus’ voyages to the New World
represented a bigger fraction of the federal budget or
maybe gross national product of Spain than Apollo
did for the United States. That sounds fine except for
one detail. Spain then spent the next century or two
living off the material wealth of the New World and
did not develop its own national infrastructure. So, at
the end of that time, when all the gold and silver and
spices and everything else stopped flowing from the
New World, Spain was bankrupt. A word to the wise.
Frisbee:

Berenguer: Thank you very much. I’m going to summarize a little bit.
Do we all agree that the first critical issue is lowcost access to space?
participants:

Yes.

Berenguer: Okay. Second is: There is a definite need
for improvement of life in the planet, so we need
extraterrestrial resources for this.
Frisbee:
Berry:
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Well, either for Earth or for use in space.

Is this a space issue?

Berenguer: The idea is why is man going to space?
Why are we targeting space? The second reason is the
lack of resources on Earth. Would you like to rephrase
this?

How do we effectively use resources
in space in situ? How do we produce
propellant from Mars dirt or
from lunar regolith?
Sallaberger: Let me make a suggestion and then
you can perhaps modify it or make a different one. It’s
true that the need for resources will, to some extent,
drive exploration, but a key issue that will need to
be resolved is: How do we effectively use resources
in space in situ? How do we produce propellant from
Mars dirt or from lunar regolith? How do we extract
oxygen that might not be readily available at those
places? Things like that. The effective in situ resource
utilization and the understanding and solving of
those issues, I think, are the key intermediate things
to be solved.
Rao: We have a fairly good idea of extracting, for
example, oxygen or nitrogen from the resources
available. We know how to take nitrogen out of soil.
We know what type of resources and materials are on
Mars; therefore, we know precisely what to do. All of
these things will happen if there is a decision that we
will go to Mars and start colonization. One by one, we
will solve them, for each one is a problem. Obviously
we will have to do it in situ there, which is a major
problem. It’s not the process itself that is a problem
but the fact that it is in situ: How do you start building
up something and how do you terraform?
By and large, given the evolutionary processes,
it is exactly what the Earth went through millions
of years ago. Therefore, you know, more or less, the
process. Even on Earth, what we have is the second
atmosphere. If we have to build oxygen, how was it
built? Here, it was the bacteria that started the photosynthesis, and then it was increased by the actual
plants coming in.
Frisbee: I will try to summarize. For extraterrestrial in
situ resources, the near-term issue will be using them
to support our move into space. In the midterm, we’ll
use them to support and enrich the Earth. And in the
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far term, we’ll use them to transform space into habitable environments for humanity, like terraforming.
… colonization … will come when we
will not have any more transportation
problems because the technology will
be mastered …
Favier: On the middle term, again, I am not convinced that space will bring us the resources that we
will need on Earth. There are many models saying that
population will probably be stable, or even decrease,
and there are still a lot of resources that are not very
well used today.
I think that the impetus for the middle term for the
expansion of humanity into space will be science and,
second, the argument of all eggs in the same basket
– which is, I think, realistic.
And then will come the third one, colonization
itself, but it will come when we will not have any more

transportation problems because the technology will
be mastered or because we’ll be in the hyperspace, so
transportation will not be an issue and we will have a
safe haven where to go, which is terraforming of Mars
or another Earth-like planet.
Berenguer: Okay. So, the three issues we are presenting are, one, low-cost access to space; two, the
extraterrestrial and in situ use of resources first in
space and then in Earth, and then to transform it in
space again.
Berry: We must mention hyperspace, with the goal to
find out early rather than later whether it’s possible. If
we find out later, it could be a lot of trouble.
Berenguer:

And then the third is colonization.

Frisbee: It’s the issue of minimum gravity required. It
determines where we can go.

Okay. Thank you all very much. We close
our group there.
Berenguer:
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Participants:
Adigun Ade Abiodun (Lead)
Adam Bruckner

I could say the why, the how, and the
where … those are also issues.

William H. Calvin
Karl Doetsch
Virendra Jha
Peter D. Ward

We are to discuss and determine
the three most critical space issues
in the next thousand years.
Abiodun (Lead): We are to discuss and determine the
three most critical space issues in the next thousand
years.

What do we mean by “issues”? Are we talking about impediments to moving forward? Are we
talking about our goals? Or are we talking about some
sort of combination of both?
Doetsch:

Abiodun:

I’ll leave that open for discussion.
… the three most important issues
confronting space exploration are
world economy, world poverty, and
world education.

Bruckner: I could say the why, the how, and the where,
which we’ve picked up and talked about already to
some extent. I think those are also issues.

We ought to have one of the three
be mental health and social dynamics
of a long voyage.
Calvin: I’ll just stick to the first day’s admonition to
think boldly about technological change and conservatively about social change. That is to say: We ought
to have one of the three be mental health and social
dynamics of a long voyage.
There’s a great deal to be learned from all the failures of colonies in the past on various islands. And
there’s a great deal to be learned from what we now
know about mental health problems and about the
strong instincts that govern social relationships.

… probably the biggest issue that I see
facing space exploration is its lack
of political relevance …

Ward: The way I understand it, the three most impor-

tant issues confronting space exploration are world
economy, world poverty, and world education.

Doetsch: Having listened to my colleagues on this
one, probably the biggest issue that I see facing space
exploration is its lack of political relevance, as the first
and foremost. The second one is that I don’t think
that the way in which we’re speaking about space
exploration is sufficiently inclusive of all of human-
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ity, including the people in the developing world, to
share it with them and make it a quest of humanity
as opposed to a quest of the rich part of humanity.
And the third issue that I see is the linking of the relevance of space exploration to the sustainability of life
on Earth.

… I’m looking at the issues of
justification for going into space.
Then … who pays the bill to get there?
Abiodun: Okay. For me, I’m looking at the issues of
justification for going into space. Then, once the justification is identified, who pays the bill to get there?
And once the bill is paid and you get there, how safe
is the place?
Peter, you spoke about poverty, economy, and education … but we are talking about going into space.

At the moment there is no
economic justification to do it.

Ward: You’re right about justification. The points I’m
trying to make are, first, that unless we have a world
economy that can support space exploration, it will
never take place. At the moment there is no economic
justification to do it. This is an add-on of humanity.
We’re doing it not because we have to but because we
want to, and as the world enters into a higher population phase, it may become evident to the governments
of the world that this is an expense that we can no
longer justify.
So, second, that leads to education. The education
of the populace of the planet, if it occurs in such a way
that it’s a worldwide recognition that scientific knowledge is, unto itself, justification – if we can educate
people that discovery and knowledge are good even
in the lack of economic return – then I think that we
will be able to motivate people, even under pressing
economic concerns, to continue space exploration.
The final aspect is world poverty. If rapid climate
change takes us to a point where we have an intersection of increasing world population and decreasing
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food output because of climate change, there will be
no space exploration.
Let me comment on some of the things
you said before I say anything new.
We are in space now, as you said, because we want
to be but not because we have to be. In a sense, that
mirrors what happened when Europeans “discovered”
that another pair of continents existed and began to
send people here. It was not out of necessity; it was
out of curiosity, out of the potential of increasing
the wealth of the countries that sent their explorers
here. And one can very clearly argue that the world
situation back in the 15th and 16th centuries and
beyond was largely governed by poverty. Poverty was
endemic everywhere, except a few countries that were
somewhat better to do and generally were governed
by powerful families. Democracy was certainly not
widespread.
I’m not sure whether we need to have a necessity
to go to be able to do all this, because if you add up
all of the monies that are being expended in the space
programs today by all the countries, the amount of
money that’s actually going into space is a tiny fraction of all the expenditures of all the national budgets.
I don’t know how the United States compares with
other countries, but I suspect that it has at least as
high a fraction as anyone else.
Bruckner:

Doetsch:

It’s twice as much as anyone else.
The average person on the street has
the misconception that the space
budget of this country is more or less
the same as the defense budget.

Bruckner: That all the more illustrates the point
I’m trying to make, which is that in this country the
NASA budget – NASA is driving the space program
right now – is about seven-tenths of 1 percent of the
total national budget. This is something that the average person on the street does not understand. I have
talked to people; I have heard others who said similar
things. The average person on the street has the misconception that the space budget of this country is
more or less the same as the defense budget. And the
defense budget is far, far greater.
The defense budget is, roughly, $300–400 billion a
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year out of $2.4 trillion, but the space exploration budget is a drop in the bucket. And I feel that even if you
double it or triple it, it would still be a small amount
of money, a small investment for most countries to be
able to actually pursue a very vigorous program. So, I
think that economically we have the means to do it.
Certainly developing countries that have other
priorities may not be able to do even a small percentage, but they should, nevertheless, be involved
and included. Ultimately all of humanity needs to be
involved, because someday it may be necessary for us
to be able to leave this planet. What I’m trying to lead
to is that we don’t have that necessity now. Let’s do it
because we want to and by doing it because we want
to, we will be prepared when the time comes when
we have to.
Calvin: I would come back to what Peter said about
climate change. As we begin to understand what it’s
going to take to help stabilize the system, sustainable
is going have to mean surviving fluctuations. Abrupt
fluctuations – for example, worldwide droughts – have
happened many times before.
I think space is going to be one of the ways in which
we will not only get the data, but we will attempt to
modify the climate, just by focusing heat or absorbing
particles, or whatever, regionally at the right time to
try to stave off a flip into a different state of climate.
Whether it’s abrupt climate change or something else,
at the rate we’re going on Earth, there are going to be
issues like that that come up where we’re really going
to want considerable competence in near-Earth orbit.

… for full exploitation of space
it’s essential that there is a balance
between peaceful uses of space and
military uses of space …
Jha: I think the first critical issue in terms of access
to space is certainly the cost of going into space. That
has been the biggest driver. It drives the whole space
system cost when the cost of going into space is high.
So, that is the most critical factor.
The second one is to keep space accessible and
usable and not make it polluted, in the debris sense. It
is likely that space will get dominated by superpowers
and access to space for other countries may get denied.

I think that for full exploitation of space it’s essential
that there is a balance between peaceful uses of space
and military uses of space, and there’s some lawful
understanding so that it’s kept safe and usable for all.
The third critical issue, in my opinion, is that
unless there’s a commercial viability of space activities,
sooner or later the governments will stop supporting
space. The commercial interests have to be developed,
whether it is because of tourism or resources or some
other reason.
So, these are the three critical issues in my opinion.
Doetsch: I would also like to address the so-called
“world economy” situation, which concerns how
much priority is given to space activity. I share Adam’s
view completely that the total expenditure on space,
when you consider how important a part it is of life
on Earth, is small. It really is almost insignificant. So,
when people say that it’s not affordable, I think what
they’re really saying is that it hasn’t been identified as
being a priority, and that’s an issue we have to deal
with.
But when I compare the expenditures on space
activity to, say, defense in countries, we have more
than an order of magnitude more being spent on
defense than on space. We have almost two orders of
magnitude. I cannot help but think that the defense
of Earth as a living and limited system through our
expansion and knowledge of space is worth a bigger
percentage of expenditures than defending ourselves
against each other on Earth. So, I would really like for
us to come away not with a concept that space exploration is unaffordable, but that we cannot afford not
to do it.
Abiodun: Dr. Calvin, I wonder if you would explain
further on climate change, where you were saying
that sustainability means survival on the surface of
the Earth and how we can do climate manipulation?
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To some extent, space agencies may
become, in part, climate-stabilization
agencies, because that will become
one of the major missions.
Calvin: There have been a lot of abrupt climate changes
in the past. Abrupt means that in four or five years
you’re in very serious trouble. These have typically
been worldwide droughts, or they have been popping
out of worldwide droughts back into a warm and
humid climate like we have today. The mechanism of
this is widely suspected to be the failure of the North
Atlantic current – that is to say, the evaporation that
occurs from the warm currents that are carried out of
the Gulf Stream and into the North Atlantic current,
Greenland Sea, Labrador Sea.
All that evaporation leaves a lot of salt behind on
the surface. The water is dense; it sinks; and so you
get a down-dwelling circulation that makes room for
more warm water to go north. This is why Europe is
habitable in high latitudes. But it’s also an essential
part of the whole world climate system. When this
thing fails, you see the whole globe slip into a cool,
dry, windy, dusty period. It’s not just Europe. When
the current cools, it gets dense, and it’s supposed to
flush automatically into the depths. That part can fail
due to freshwater on the surface from too much rainfall or floods out of Greenland, for example. These are
the kinds of instabilities that you want to be able to
head off.
One of the ways of doing this from space is to
regionally regulate the amount of sunlight, to increase
it in some places, perhaps reduce it in others. As we
increasingly understand the world climate system
and how the winds circulate, we’re probably going to
realize that we could keep the system from becoming
unstable by tweaking it here and there.
The North Atlantic current has been reducing considerably, up to 50 percent in the last 50 years. We don’t
know where the failure point is, but it’s beginning to
alarm the people who study the system. So, I can see
reasons for using space for this. I can also see a reason for fast reaction, to have crews up there that can
do things quickly. It’s one of the human uses of space
that I see coming out that hasn’t been addressed generally. To some extent, space agencies may become, in
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part, climate-stabilization agencies, because that will
become one of the major missions. Particularly after
we get a substantial scare from one of these, it may
increase the budgets.
Ward: Without contradicting my esteemed colleague
here, I think, Bill, that you’re being a little optimistic
that space-based technology can affect climate. I harken back to the days of the airplane when we were
going to have cloud-seeding and change the planet.
We couldn’t do it. My fear is that heating specific spots
on the Earth – we really don’t understand what makes
climate do what it does. Unless we have a vastly more
acceptable sense of where you would put your heat
points, you might just do the opposite of what you
want to do.
Calvin: That’s fine with modification, to make the
Sahara bloom or something like that. I’m talking
about maintaining the current system so it doesn’t
change. That is to say: Keep the winds blowing the
way they blow so that you move the ocean’s warmth
onto Europe, for example, the way it is now.
Ward: There is a whole history of us trying to do good
things that turn out bad.
Calvin: I agree. But I also look at the fact that we may
not have much choice but to try.
Bruckner: I agree that if we have the means to affect
climate change or control, like you suggest, Bill, we
should certainly exercise that. But I agree with you,
Peter, that we don’t have the means yet.
Now, I have one question for Bill: During the past
million years that human beings, at least, have been
on this planet, there have been many abrupt climate
changes.
Calvin:

That’s right.

Bruckner: And yet humans were able to adapt or
survive. None of them wiped out the species. The
question is: If we go into a precipitous drought situation because of the failure of the North Atlantic
current, how many people can the new, dry Earth
support?
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… the problem is the substantial loss of civilization
as we know it … the substantial reordering of what
we would consider civilization …
Calvin: The problem is not how many it will support,
but what happens in the downsizing. In downsizings
that happen very quickly because of the flu epidemic
or something like that, everybody’s too sick to go to
war with one another. In countries that are starving,
their armies tend to go marauding for food, basically taking over the space of someone else to gain
their resources, and pushing them out to starve in a
third country. Think Darfur. This sort of thing has
happened in the past, and I think we’ll see it on a
worldwide scale if something like this happens.
So, to me the problem is the substantial loss of
civilization as we know it. Yes, there will be a lot of
surviving pockets of humanity. That’s not the issue.
I think there will be plenty who survive. But I think
that they will all hate one another because of all the
genocides that have happened during downsizing. It’s
the substantial reordering of what we would consider
civilization, and perhaps getting locked in this for
some considerable period of time in this post-genocide kind of world.
If you downsize slowly – if we knew that climate
change was coming and we had 500 years to adapt to
it – we could get new population levels and new technologies. But when something happens like this in
five years, you just can’t move your grain production
somewhere else and build the highways, and so on.

… one of the key issues for the
next thousand years for a long-term
presence in space is societal and
political stability.
Bruckner: What this brings up is that one of the key
issues for the next thousand years for a long-term
presence in space is societal and political stability. What you just described is a total instability and
chaos that it could lead to.
Calvin:

past.

Civilizations have failed quite a lot in the

Doetsch: One of the issues that I brought up as the
key one is linking the space exploration to the sustainability. And sustainability is more than physical
sustainability; it’s also social sustainability and all of
our structures.
This also addresses the other question that I raised
a little earlier, which has been raised in different ways:
How do we manage to get space exploration to be recognized as being politically relevant? I think it is this
sort of linkage that we have to establish and establish firmly in the populace, in the political system, to
make them recognize that through doing space activity we’re adding enormously to the sustainability and
the security of the world.

We have not succeeded in convincing
people about global warming … to
convince them that exploration is
going to bring benefits back on Earth is
going to be even more challenging.
Jha: We have not succeeded in convincing people
about global warming, which is much more real, much
more near term. Governments have not even agreed
to put resources into that. So, to convince them that
exploration is going to bring benefits back on Earth is
going to be even more challenging.
Abiodun: I’m looking at my notes, and I’m seeing that
we agree here and there, but I haven’t seen anything
that we agree on as No. 1 – except that Adam mentioned something and Karl came back to it. Adam
said that now we are in space because we want to be
there, and we need to be there because maybe a time
is coming when we have to be there. Do we all agree
on that?
Doetsch: I don’t share the view that we don’t need
to be there at this point in time. I think all the space
infrastructure that we currently have is already necessary to make the world work. I really don’t want to
say that we’re in space because it’s fun. I think we’re in
space today because we need to be in space today.

Can we have a consensus on this modification: We choose to be in space today because we may
need to be there in the future. We have a situation
of all the eggs being in one basket today, and we are
messing that same basket up every day. There is no
Abiodun:
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planet to continue life as we know it when we would
have finished messing up the one we live on now. Is
this the one issue we all agree on?

resolved for longer-term duration exposure in space,
I think they would have to be the transportation system and the life/environmental support systems.

Doetsch: May I just suggest a slight modification: We
went into space because we wanted to be in space.
Today we need to be in space. Tomorrow we will need
to be in space even more.

Abiodun: I agree with you; I was trying to break it
into two. One is safety and security. To look at the
technologies – technologies of getting there and surviving there.

Abiodun: Okay. We at least agree with the fact we
have to be in space.

Bruckner:

Bruckner: There are a few refinements of that. We are

in low Earth orbit and in geosynchronous orbit now,
and now we have to be because we’re so dependent on
it. But going to Mars, to Titan, to Venus, to the Moon,
that is still in there because we want to.
Abiodun:

Okay. Thank you.

I think the subject here seems to be what are the
three most critical issues and what we are seemingly
agreeing on is a statement. Is this really an issue?
Jha:

Abiodun: The issue for me here is the nonsustainability of the Earth as we are maintaining it today. Because
of that, we see the future as a time when we may have
to be in space. Therefore it becomes an issue. So, that’s
the first one, and the second one is: How do we get
there? Accessibility. Is that an issue or not an issue?
Jha:

Certainly it’s an issue.

Bruckner:

Absolutely.

Prior to this afternoon, we talked about the
engineering, and then we talked about the medical
aspects. I don’t know whether we can leave the medical aspect out, when we talk about actually living in
space. Survivability – safety and security of the transportation system.
Abiodun:

… two technical issues … would have
to be the transportation system
and the life/environmental
support systems.

Enabling technologies.

Abiodun: Right. Does anybody want to add more to
the list? Okay, enabling technologies is No. 2.
Jha: Enabling technologies would include the transportation and closed-loop biological systems?
Abiodun: Yes. Now, for No. 3, we have two things
here: commercial viability.
Ward:

Yes, economic incentive.

Doetsch: Why don’t we put political/economic incen-

tives?

Ward: Certainly economic incentives are important,
but also political as well as educational incentives.
Abiodun: What do you mean by “educational incentives” in this case?
Ward: Again, the search for knowledge has always
been a requirement for human progress, and even
economic progress.
Bruckner: I agree that the search of knowledge, at
least for us here and for like-minded individuals, is a
key part of it, but it’s not necessarily a key part for the
rest of the world. And it’s certainly not the motivator
for the funding that Congress gives to NASA. The science part of NASA is actually a small part. Most of
NASA’s budget is going into other expenditures, into
human space flight, into the space station, into the
Moon base. Science is the tail that’s not wagging the
dog, in this case. I wanted to wag the dog.

Doetsch: I think it would be wrong to focus on
only the transportation system. I think the life support system is equally important here. If you would
characterize the two technical issues that need to be
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… political access to space is not
denied, because there is a possible
scenario that somebody could
become the gatekeeper …
Jha: One other part I had was that political access to
space is not denied, because there is a possible scenario that somebody could become the gatekeeper
and, because of the perceived threat of what space
can bring back to Earth, people may not allow further
movement out of the Earth’s orbit. So, the technology
is to be developed and diffused around the globe. If
you can capture it under the political environment, it
probably can be grouped.

We’re about out of time, so let us say this. I
think we’ve done very well. We are in space in order to
maintain what we already have, and we need to be in
space because we are addicted to it and because eventually we may have to be there in the future.
Abiodun:

Ward: I would change the word addicted to enabled.
We’re economically dependent.
Jha: I thought the idea was also to ensure the sustainability of the human race.

We’re going to need to be in space as
a platform for dealing with some of
those energy-refocusing issues that
will help maintain what we have.
Calvin: Well, that means you have to get through
the bad times. Sustainability usually means keeping
up the crop production, and so on. As we look at the
paleoclimate record, it shows that there were a lot of
big fluctuations that were filtered out of the climate
records because the worms disturbed the layers. We
now know that there have been fluctuations that have
come along rather frequently that we’re going to have
to be able to survive in the future without civilization
crashing on us. We’re going to need to be in space as a
platform for dealing with some of those energy-refocusing issues that will help maintain what we have.
Abiodun: Okay. Let me summarize what we have here.
Karl has put in justification as an issue, which is that

we are in space in order to maintain what we have. He’s
putting that down for me in the proper language.
Then the next critical issue is: How do we get
there and how do we stay there successfully? So, we’re
looking at enabling technologies, the propulsion, the
energy. We are looking at the facility, the safety, and
security. These are key issues all lumped together.
Then the third one is the economic consideration
of being there. Now, there must be an incentive to go,
and this is where the corporations are going to make
the investment. But at the same time there have to be
some rules and regulations to govern the operation
when they get there. The question, then, is: How is
this going to be resolved politically?
Bill, you have a problem with this?
Calvin: Yes. These are not issues about long-term
humans in space. This is just about space generally. I’m concerned that if we’re going to talk about
humans in space, we’re going to have to talk about
these issues of social stability within the colony; we’re
going to have to deal with mental health issues. There
are really substantial barriers to creating a different
kind of long-term habitat.
Abiodun: Yes, we are talking about a thousand years,
so we cannot avoid addressing the political and social
implications of being in space. We need to address
that.
Bruckner: This may not be relevant to the current discussion, but I wanted to throw it in anyway to be on
the record. It’s picking up something that Peter said
during his very interesting dinnertime speech when he
mentioned the word Antarctica. In fact, Antarctica has
been kind of a model space colony now for 50 or 60
years. There are currently somewhere on the order of
10,000 to 15,000 people living in Antarctica. Why are
they there? They’re there for essentially scientific reasons. Antarctica did not become militarized; it did not
become politicized. I think it’s a wonderful model of
what can be in space if we apply the Antarctica model.
Calvin:

ations.

There have been no commercial consider-

Bruckner: That’s right. There’s been no commercial
exploitation, either, except maybe there’s oil under
it. Who knows? Anyway, for a long time it’s been an
ideal model.
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Ward: I think that’s a great point about Antarctica,
but let’s not forget why we have so many people in
Antarctica. It is entirely political. It’s called “political
presence.” The nations of the world went down there
in any number, based on their essential economic
but especially their military might, and that’s why we
split up Antarctica into various regions. The Russians
had their portion during the Cold War; we had our
portion; the British had their portion. So, the colonization of Antarctica was in response to make sure that
there was no political vacuum in letting one country
go in.
Bruckner: True, but it was a very peaceful co-existence, even throughout the worst part of the Cold
War.
Abiodun:
Ward:

So, therefore it can serve as a model.

That’s true – but it was very political.

Can we agree, then, on what we have? Karl,
will you read that for us please?
Abiodun:

We are in space now because
space enables the economy and
sustainability of the world …
the issue is that this need is
not generally recognized.
Doetsch: Yes. I’m not sure it’s framed as an issue,
but what I put down is: We entered space because we
wanted to be there. We are in space now because space
enables the economy and sustainability of the world.
This need for being in space to enable the economy, the
sustainability of the world, and to expand knowledge
and exploitation of space will increase with time.
Now, the issue is that this need is not generally recognized. This need is not politically or economically
recognized. Is that what the issue is?
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Bruckner: I would say that the general population does
not recognize it. I think that the powerbrokers do, but
not the general public. We pick up our cell phones; we
place our phone calls; we have GPS. We click on a map
in our cars, like James Bond movies did 40 years ago
and astounded everyone. Now it’s just a piece of cake,
all enabled by what we have out there.
Abiodun: So, with what Karl read, with the enabling
technologies and the economic considerations as well
as the political and social issues, taking Antarctica as
a model to look at, the issue is: How does one get public and political support for it? That is first. And then
the second is enabling technologies: transportation
system, safety issues, security of people while they are
in space and their survival. And the third one is the
political, economic, and social issues, with Antarctica
as a model.
Bruckner: We now have a missile in space for military reasons because of all the spy satellites.
Abiodun: Everything has been militarily driven. I don’t
think we are going to continue being in space without
some military incentive. The military has a lot to do
with it, even though we are opposed to the militarization of outer space. How do we balance that?
Calvin: Is it militarization or is it national prestige?
In the 1960s we and the Russians went to space not
directly because of military reasons, but we hoped
the issues of national prestige would give us an edge
in what might become military matters. I think there
is a certain amount of room left today for national
confrontations, but we had better get it to an international grounding before we venture very far beyond.

Thank you, gentlemen. Our time is up, and
we conclude.
Abiodun:
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… together we will determine the three
most critical issues for humans and
space for the long-term future.
Sesh Velamoor  (Facilitator): We will hear summaries now from each of the three group leaders. I will
note each set of three issues arrived at by the groups,
then together we will determine the three most critical issues for humans and space for the long-term
future. I would like the three leaders to come up and
list the three issues with perhaps a short background
on why these were chosen.

Group 1
… we need a sense of peace and justice
on the Earth … before we even think
about moving across the threshold
and moving humans into space.
Chaisson: We had a terrific conversation in our group.

We had no problem rallying around two factors, and
I’ll share with you those two factors in a moment.
We had some trouble identifying a third. But before
I identify any of them, I want to note a prerequisite
that we offer.
One of the issues that was raised early on was that
we were having some difficulty with the time frame,
a thousand years, which was the charge given to us.
Yet many of the issues that have come up over the
course of the meeting suggest that maybe we ought
to be breaking this down into a 100-year or 200-year
effort, and then a thousand-year effort, because the

three factors that we’re looking for may be different
for both. But then others in our group suggested that
we cannot decouple one from the other, so we came
back to the notion of trying to identify two factors.
Well, the prerequisite we came up with, though
this was not a total consensus within the group, was
that before we identify three factors, it’s not inconceivable that a sense of internationalism or of governance
on the Earth in economic systems may need to gel
before we move humans into space. That is, we need
a sense of peace and justice on the Earth – stressing
again here on the Earth – before we even think about
moving across the threshold and moving humans
into space. We didn’t arrive at a consensus that that
was one of the crucial issues, but it is a prerequisite to
the crucial issues that we’re about to list. So, in case it
comes up in the conversation, you’ll know that it was
a resonant theme within our group that we had better
get our act together here on the Earth over the course
of the next 100 years, a generation or two, before we
even consider seriously articulating three factors that
would help us move beyond the Earth.

… if we don’t solve the energy issues … it’s likely to be
that we will move beyond as a civilization under the
control or under the auspices of governments.

The two factors that were easy to identify: The first one
was energy in some broad sense, whether it’s called
energy, power density, or propulsion. It’s the notion
that we need some degree of energy resources to move
out and beyond. Basically, if there’s a small amount of
energy available – if we don’t solve the energy issues
in general – it’s likely to be that we will move beyond
as a civilization under the control or under the auspices of governments. Whereas if the energy issue is
fully solved, or well solved, and the energy considerations become plentiful, it’s not inconceivable that
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movement beyond the planet Earth will be of a more
private, entrepreneurial effort by individuals. Either
way it goes, energy is a very important issue and I
think there was nobody in our group who disagreed
with that.
… we used to think that space was
alien because of what was lacking …
Now we know … that space is hostile
because of what is present out there …

The second issue that we rallied around was under the
area of technical survivability. It was the notion that
we’ve heard again and again, and I think rightly so,
that radiation in space is a very, very important issue.
When I was a student we used to think that space was
alien because of what was lacking out there: a breathable atmosphere and a warm environment. Now we
know, in the world of astrophysics, that space is hostile because of what is present out there – and most
of all because of the radiation problem that Larry has
again and again alluded to in this meeting. But not
just radiation protection, but also the reduced-gravity notion and all of the other technical issues that
have been coming up – so, under survivability of a
technical nature there are many, many issues of an
engineering nature that need to be solved.
That is a second point around which we rallied as a
group, without really any kind of difficulty. The difficulty we had was identifying a third factor. The group
gave me the license to attempt to share with you the
dilemma that we had in identifying the third factor,
noting that others of you may have had the same difficulty or that these issues may come up in the general
discussion.
Generally, we thought that the third factor had
something to do with sociological factors, whether
they be the notion that there’s a need for a sense of
governance in space, or whether the issue of sociological entrepreneurship would be an important
issue to really move us off the planet Earth. There
was the notion that there can be a happy medium
and that countries can be entrepreneurial. When we
say “entrepreneurial ventures of a private nature,” we
don’t necessarily mean that it’s individuals or small
companies. It could be whole countries that are entrepreneurial and innovative without there being a large
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governmental effort.
I’ll also offer in parentheses yet another factor that
came up at the very end of our conversation. It’s an
important factor but we reached no consensus on it
because it was raised with only about four or five minutes to go. However, it may be a factor that you will
want to discuss as a group as we move forward to the
end of this meeting, and that is the issue of militarization of space, the weaponization of space, or perhaps
the need for nonweaponization of space – or, as was
my own view, that the military might, in fact, lead the
effort in space.
So, I’ve offered you three factors, a prerequisite,
and a parenthetical factor. Thank you very much.
Does anyone in my group want to correct me, or
attack me? Michael?
… conflict management looks to me
like it will be a critical issue in space …
we need to at least have some method,
some prethinking about how
we will deal with it.

Just one comment. What I really tried to
express with the comment that our able Chair conveyed as “governance” was that conflict management
looks to me like it will be a critical issue in space.
Businesses sue each other all the time, so even at
that level we need some way to handle the conflict
if private people go into space. But also, human history indicates that we will take that portion of human
nature that is occasionally conflictual into space with
us, so we need to at least have some method, some
prethinking about how we will deal with it.
Simpson:

Facilitator:

Thank you. Yolanda?

Group 2

The first issue that we all decided on
is low-cost access to space …

Berenguer: Rather than my attempting to give a general conclusion for our group, we decided to state what
we think are the three critical issues, and the person
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who put forth each issue will give a short explanation.
The reason is I am not that familiar with terraforming
and the advanced physics studies.
The first issue that we all decided on is low-cost
access to space, which was put forth by Robert Frisbee.
Frisbee: The primary issue is that as long as it’s very
expensive to get into space, very few people will go. If
we can make space too cheap to meter, a lot of people
will be able to afford to go. More generally, launch
costs and transportation costs in space have enormous economic leverage all throughout the system.
If you’re going to build a solar-powered satellite, a big
chunk of the money of doing it is getting the hardware up into orbit.

… there is a need for a supranational body that would
propose laws and guidelines …

Thank you very much.
The second issue – and I think everybody agrees
with this – is the quest for new knowledge, new
technology. This is based on the fact that everybody
knows, more or less, what Mars is made up of, and
there will be a proliferation of private enterprises in
the coming years, both in the immediate term and
in the medium term. With this, there is a need for
a supranational body that would propose laws and
guidelines on how these enterprises would be dealing
with exploration.
There was also a comment that maybe there will
be a decrease in nation-states, in the sense that there
will be fewer developing countries and more equality among the nation-states. So, there is a need for a
supranational body to monitor this type of activity.
We touched on the subject of weaponization and
militarization in this aspect. Professor Rao might
want to say something about this, being the former
Chairman of COPUOS.
Berenguer:

… we must create conditions that
are conducive for this international
cooperation, which must ensure that
there is no weaponization of space …
Rao: In our first issue, low-cost access, the emphasis is
promoting the full utilization of space in education, in
energy resources, and so on, for the benefit of humankind. This is the near-term issue – two generations or
so. The second one is for the long term, which is the
thousand years. The idea here is the quest for adventure and the necessity for augmenting the resources.
Humanity will be going for the colonization of Mars.
The knowledge has to be built up for that, whether we
need elevators, what type of terraforming conditions
need to be done, and so on.
The third one is that such a massive effort would
require international cooperation, and there’s no use
stating that one single nation would do. This essentially means that we must create conditions that are
conducive for this international cooperation, which
must ensure that there is no weaponization of space
and space is used fully for peaceful purposes. No
international cooperation would materialize unless it
is absolutely assured that there will be no weaponization of space.
Berenguer: On the third issue, we think that we will
have already reached a certain stage in development,
due to nanotechnology, that it would include the ability to terraform Mars.
Berry: One thing that we must do – and I really mean
must do – in the next 200 years is to discover what
kind of universe we live in. Do we live in a universe
where we cannot travel faster than light? Or, alternatively, do we live in a universe where we can get into
a wormhole or a black hole or hyperspace and travel
instantaneously? If we get that wrong, if we make a
wrong discovery about that, there is a danger of war
without end.
Let’s say that we decide that we live in a universe
where the speed of light is an absolute limit, so we
settle on a planet here and a planet there, and everybody is safe from everybody else. Then gradually we
find that we got that decision wrong and it is, in fact,
possible to travel instantaneously. Then possibly the
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year 2879 might be the most dangerous and dreaded
year since 1939 and 1914. Can anyone guess why?
It’s the one-thousandth anniversary of Einstein’s
birth. People might decide to use that date to celebrate
by making a tremendous attack by supercomputer on
the labyrinthine equations of general relativity, and
then discover that it is possible to travel instantaneously. Suddenly this peaceful human galaxy will be
totally disrupted by armies and navies and fleets all
attacking each other. And this could go on forever.
The trouble is that mankind is inherently wicked and
ruthless, and given the chance to behave like gangsters, they will do exactly that. In order to avoid this
fearful danger, we must work frightfully hard and
really tear apart the general relativity equations,
which are extremely complex – Einstein himself did
not understand them – and discover which is the
truthful universe and get it right.
Thank you. The third group was led by
Dr. Abiodun.
Facilitator:

Group 3
… our first issue is justification for
being in space. The second is enabling
technologies. The third is political and
social considerations …
Abiodun: We had a very interesting session. We didn’t
have consensus but it was not difficult to arrive at the
three critical issues. We started looking at a number of
issues, and our first critical issue is: Why are we there?
Should we be in space? What’s the justification? We
then concluded as follows: The political establishment
and the general population do not today recognize
the need for space activities. Accordingly, we are in
space now because today’s space activities enable the
economy and the sustainability of the world, and continue to support our security needs. That’s why we’re
in space today.
Now, what about the future? Given the point Professor Calvin made on the first day, there is an issue
of all eggs in one basket. There is a need for being
in space to enable the economy for the sustainability
of the world. Somebody has spoken about militarization; we’ll encompass that in a very beautiful word,
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which is security, world security, and we also need
to expand knowledge. That expansion of knowledge
will enable us to continue to exploit space. We see the
need for all of these to continue to increase with time.
So, we agree on all of that.
Then, if we are going to be in space along those
lines, the question then is: How? What will prevail?
We couched all of that under what I will call enabling
technologies. Under enabling technologies, we look at
the issue of transportation – and we don’t want to talk
about that, because it has been highly articulated by
Robert today. Also, we looked at security and safety in
space, and the health of the people who are going to
be there, either en mass or in space colonies – wherever they are in space.
Then the third element we focused on also is a
little convoluted. We spoke of economic, political,
and social considerations. In this case, we looked at
Antarctica as a model and recognized the fact that in
Antarctica today there is a coexistence of several countries and their scientists, and they’re working together
peacefully. Now, we know, also, that there’s no mineral to be mined there; nobody has found any major
minerals. So, that may change the equation, and that
would bring into operation some of the considerations
the other speakers have raised: a form of international
agreement on how this can be arrived at.
So, our first issue is justification for being in space.
The second is enabling technologies. The third is
political and social considerations, with the Antarctica as a model.
Calvin: What social considerations means in this
case includes the issues of social stability and mental
health within, in any group of people in space for any
length of time: the issues of whether things can go
badly wrong because people go a little wrong. I think
that will be an issue for various things (as it is with
Congress).
The other need that we were talking about was
for things like stabilizing the climate here on Earth,
because you have enough technology and people to
fix it in orbit, so that you can do fast saves, so you can
do “fire department” type climate interventions when
things are about to slip.
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… it isn’t so much the justification;
it’s the lack of political and public
recognition of the need.
Doetsch: On the second issue, it isn’t so much the
justification; it’s the lack of political and public recognition of the need.
Bruckner: We discussed the fact that we have all
talked about the cost of space exploration and the
economics of the world needing to be such that it
can sustain continued exploration. But, in fact, only
a very small fraction of every country’s gross national
product goes into space exploration, well under one
percent of any country’s national budget. Therefore
some of us felt that it certainly was not a major issue
– that we could double or triple, or even raise by a
larger amount, the fraction of monies being expended
on space exploration with really very little impact on
the world economy, compared to such things as outlays for defense spending, wars, and so forth.
Abiodun:

That’s where we ended.

Facilitator: Thank you. We have nine issues. I would
like each of you to come up quickly and note your
choices against these issues. Put your choices as to the
two most important of these nine.
Kasturirangan: The second group’s third issue has
the essential requirement of the terraforming of Mars.
Can I get a little clarity on what considerations made
you put that as a prerequisite for the objective of
expansion?
Facilitator: Yolanda, who was the biggest advocate
of that in your group?
Berenguer:

Adrian Berry first, then Dr. Rao.

At the moment Mars is very cold and inhospitable, but it is the planet that’s most like the Earth.
If we could turn it into something that would be
another Earth, albeit a colder one, it will be a planet
where ultimately one could walk about without wearing a spacesuit. This would, in some ways, be a second
world of civilization to ours, and it would be a desirable thing to do.
Berry:

Chaisson: How is that an enabling factor to help us
move into space?

Well, if a lot of people are living on Mars, they
will have much closer access to the asteroid belt. And
the two moons of Mars, Demos and Phobus, have
many substances that will make rocket fuel. So, we’ll
be able to fuel up there.
Berry:

Facilitator: It might become one of the priorities
maybe a hundred years from now when everything
else in the immediate future has been accomplished.
Dr. Rao, did you want to make further clarification?

… if a large human colonization has to
take place in the next thousand years,
you can certainly start the
entire evolution of Mars and
create a secondary atmosphere.
Rao: I think that the wording is not absolutely right,
but essentially the point is: If Earth is the single point
for humanity, then the entire humanity can be wiped
out. We need to have people somewhere else and have
another habitat. The only place is Mars; I don’t think
anybody will think of any other place. It has a large
land surface and it has a fairly good gravity. It has
all the materials required, and so on. Obviously, if a
large human colonization has to take place in the next
thousand years, you can certainly start the entire evolution of Mars and create a secondary atmosphere.
The committee felt that terraforming of the Martian atmosphere and Martian soil, and essentially the
colonizing Mars are a worthwhile aim.
Sallaberger: I was one of the ones that introduced
this topic, although I would call it more “terraforming
extraterrestrial locations” – not necessarily Mars, but
Mars is perhaps the best location.
In the thousand-year scenario of where we’re trying to move humanity from a terrestrial species to
a solar system species, our group looked at things
more in a chronological order. So, in the near term,
cost of access to space is the issue. Then, in the long
term, to allow this transition of humanity to happen,
one needs to look at terraforming locations where
humanity will be comfortable to settle, to get out of
the expansion in a research-base mode and more into
a colonization mode. I think that was the motivation
behind the third issue.
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If we get to the point where we can
terraform Mars, we will certainly be
able to terraform the Earth back to
where we want it to be …
Bruckner: Terraforming is much easier to conceptualize about than to bring about. Terraforming an
entire planet will take much more than a thousand
years, and with Mars we have a major problem. How
do we make Mars retain its atmosphere? It’s too small
a body really to retain an atmosphere in any stable
form over a sufficiently long time. That’s going to be
a problem.
I think what we should do is to think about terraforming not an entire planetary body but rather
a part of it. By that I mean basically building a selfsustaining colony, either on the surface, covered with
a transparent dome, or under the ground, where it’s
much easier to simulate Earth-like conditions in a
microscopic form rather than an entire world. There
have been a number of studies of terraforming done,
and most of them end up taking millennia upon millennia to transform an entire planet. If we get to the
point where we can terraform Mars, we will certainly
be able to terraform the Earth back to where we want
it to be, and make our conditions here more palatable,
should they have gone awry with some sort of major
climactic change.
Sallaberger: Dr. Bruckner, your point was that terraforming is a good goal – not necessarily at the planet
level but at a base-location level, and I would agree with
that. But I disagree with your time frame for the length
of time to terraform a planet such as Mars. I think it’s
something that could be achieved within a few hundred years, at a minimum. As you know, during those
few hundred years, it’s a very inhospitable place.
So, if we solve how to do that, we wouldn’t necessarily want to do it to the Earth because it really
would cause a lot of problems in the interim. One
would need to protect the Earth, at least to the level
where it can sustain life, while you’re in the process of
creating a new home.

But the way you terraform Mars is
to detonate high-altitude nuclear
explosions around the planet.
It messes things up for
several hundred years …
Sallaberger: Yes. But the way you terraform Mars is to
detonate high-altitude nuclear explosions around the
planet. It messes things up for several hundred years
but then creates a water cycle. So, you wouldn’t want to
do that on the Earth if people were still living there.
Simpson: Of the technologies I’ve seen described for
terraforming, that would be among the most rapid.
There are other technologies that have been suggested
that would make more incremental changes. In the
final phases of terraforming, when you’re doing the
fine-forming, you’re dealing with much more incremental techniques, which could already have use
on Earth. We don’t have to make a transformation
on Earth as traumatic as we have to make on Mars
that would require the high-energy, debris-causing,
atmosphere-clouding behavior that you’re talking
about with the initial terraforming, which I’ve heard
described as “gross-forming.” Gross-forming and
fine-forming are really two different techniques. You
don’t want to live in the environment that has all the
particulate in it.

… terraforming Mars would be
an opportunity to learn how to
globally control an environment …
Frisbee: There may be another issue for terraforming
in the sense that we already talk about using the Moon
as a training ground for learning to live in space. Well,
maybe terraforming Mars would be an opportunity
to learn how to globally control an environment so
that if we either start developing other planets or pure
space habitats, O’Neill colonies and the like, we’ve
had someplace to practice on.

Simpson: What I heard him say was that if we had
the technology to terraform Mars, we could improve
Earth from the damage we might have inflicted.
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… the top three are (1) low-cost
access to space, (2) political and social
considerations, and (3) technical
survivability, related to radiation
and reduced gravity …
Facilitator: The three issues that have emerged as
being of consequence to this group, with votes of 8,
6, and 5, respectively, as the top three are (1) low-cost

access to space, (2) political and social considerations,
and (3) technical survivability, related to radiation
and reduced gravity and other considerations for the
human biology in space. Those will be our topics for
the fishbowls.
Now, please note your name for the fishbowl in
which you would like to participate tomorrow. If you
will let us know your first and second choices, we will
try to get you into one or the other group.
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… structured fishbowl discussions,
where one third of the group at a time
sits in the middle, talking about
one of the three critical issues.
Sesh  Velamoor  (Facilitator): We have identified,
through the synthesis of our breakout group process,
three issues that you have determined are the most
critical issues for humanity and space, going forward
into the thousand-year future.

We will now have what we call structured fishbowl
discussions, where one third of the group at a time sits
in the middle, talking about one of the three critical
issues. The remainder of the participants simply listen
and observe. They are not allowed to intercede while
the group in the middle is talking about the issue, but
at the end of the conversation the group outside gets
to ask questions of the group inside or make further
comment. We rotate this until everybody gets a turn
in the fishbowl.
If there are no questions, let’s begin the first fishbowl.
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Fishbowl 1
Social and Political Factors

Facilitator:
Sesh Velamoor

… social is who we are … And political
is how we in the society work together
and how we achieve our objectives.

Participants:
Yolanda Berenguer
William H. Calvin
Krishnaswamy Kasturirangan
Pierre-Alain Schieb
James Zimmerman

… political and social factors …
it may be the most complex of the
three critical issues.
Sesh  Velamoor  (Facilitator): The issue at hand is
political and social factors. It is very broad, very general. I put it first because it may be the most complex
of the three critical issues. And because it is complex, I
would like to divide this into two or three sections. In
the first section, the fishbowl participants should consider what exactly social and political mean to them.
Second: If we are to discuss it further, how would we
construct the major elements of this – what do social
and political mean in this context? Then, third, discuss the important social and political factors as they
relate to the space elements.
It seems to me at the outset that “social and political” could be bifurcated into two halves – the first
half being social and political related to preparing on
Earth the different groups and the governments and
the technologies, and so on, and the coordination of
those for going forward into space. The other aspect
is: If you are in space, what do the social and political
aspects mean?
What are your initial thoughts about the scope
of consideration in what social and political imply to
you?

Zimmerman: It’s interesting that you group social and
political together. In a sense there’s a tremendous
overlap in this category, rather than two distinct concepts. There are many ways to approach this, but let
me make a stab at one way of doing it, and that is to
say that social is who we are. We’re society. And political is how we in the society work together and how we
achieve our objectives.
I think that the key element of who we are is that
we are one very small planet; we’re the society on that
planet. And we are, in this particular case, talking
about the future of our planet and the future prospect
of leaving our planet and going beyond low Earth
orbit, where we have been for at least a few years, and
going onto other worlds, and then perhaps encountering other intelligent or at least other life forms.

We are trying to now translate
ourselves from the localized efforts …
into a planetary scale.
Kasturirangan: Specific as to nations, many nations
have evolved either with the spirit of adventure or with
the spirit of exploration or with the spirit of improving the socioeconomic conditions of the nation.
These are several models in which space has grown
today, and most of the nations pursue their objectives
with one or the other of these in mind. To that extent,
there is a limited compartmentalization of the way in
which we conceive space, implement it, and get the
results out of it.
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Now, from here, when we talk of the type of things
that we have been discussing in the recent days, it’s
more of a planetary effort, I should say. We are trying
to now translate ourselves from the localized efforts
– I call it localized; it could be regional; it could be
national; it could be multinational – into a planetary
scale. And when we talk of planetary scale, obviously
we look at every element of activity that goes on in the
planet and the conditions of the entire planet, because
you have to bring in the resources of the planet. Obviously, the systems that we need to establish and the
way in which we are to go about it are going to be
very, very different from the present concepts of
nation, political systems, economic systems, and so
on. That is really what we need to address in terms of
restructuring the planet Earth to enable such a largescale effort.

… education is the key … all levels of
society from children up to decisionmakers and policy-makers.
Berenguer: In order to have the social and political
support for any space activities, education is the key. I
think that society has to be educated, and it’s not only
the formal education but also informal education. It
covers all levels of society from children up to decision-makers and policy-makers. I think that the only
way to go forward is to educate society.
Educating is also something that should be done
at this stage, that is, trying to inform everybody that
it is necessary to keep the planet Earth safe for these
generations and for the next generations, otherwise
there won’t be any earthlings to go to outer space. So,
I consider the key element in all this whole concept of
exploration to be education.
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We have substantial problems already
with technology amplifying the power
that individuals have to wreak havoc.
Calvin: We were admonished the first day to think
boldly about technological change but conservatively
about how much humans will really change. So, I think
we have to assume that we will take all of our standard
problems into space with us. For example, the International Space Station has some potential for, I suppose,
being taken over by religious zealots who decide to
crash it into Mecca, or whatever. Everybody’s perception of this is probably that this would be on the scale
of a bad plane crash. Once you start putting military
up into orbit, you’ve got all the problems of occupying
the high ground and crews that mutiny and decide
to dictate to Earth, in addition to all the problems of
suicide bombers writ large. Certainly with Aum Shinrikyo, ten years ago in the subways of Tokyo, we saw
an example where there’s been very successful recruiting of scientists and engineers into their project. This
is something that education per se is not enough to
deal with. People still become fanatics.
The problem in Earth orbit, say, with a large power
station and just a maintenance crew – if you crash a
large power station into Earth, you do much more
damage than a plane crash. So, I think these are concerns. What people in Congress, for example, and
certainly what reporters will make of the story for
the general public, will loom as substantial issues. We
have substantial problems already with technology
amplifying the power that individuals have to wreak
havoc. Between technology and putting together a
lot of people into a small place the way we do with
cities and airplanes … this, too, is greatly amplified
by space travel. As Peter Ward said: Just think of one
rebellious teenager mad at his mother deciding to
open the air lock. Or of taking typical teenage challenges to hack the system into opening the air lock or
shutting down the life support system, or whatever. I
think we’ll carry all of those problems over into space
with us, particularly for long voyages.
The problems of depression are really worth taking
a look at. First, it’s so common. One in four people,
at least, at some point in his or her lifetime, suffers

Humanity 3000 “Humans and Space: The Next Thousand Years” Proceedings

Transcripts | Section 4.5.1
Fishbowl 1
Social and Political Factors

some depression. The most typical problem would
be reduced work performance that’s not recognized.
For example, people whose thinking is slow, whether
because they’re depressed or they’re sleep deprived
from not sleeping well for a week. People are still
under the same time pressure to make decisions, and
they make decisions prematurely. The problems of
people being ostracized from groups and feeling that
they have to pay back the violators in some way. Those
problems will still be with us in space. It’s the big city
and airliner density and the amplified power of technology that give individuals a great deal of power, and
we haven’t designed around this very well. We may
put some armor on the pilot’s door of the aircraft, but,
by and large, we have not designed systems to be foolproof against individuals going wrong for a while.
… you need … a window and time
frame where you have a compatible
level of science and technology,
economic growth, education,
and governance …
Schieb: It’s difficult for me not to jump to some kind of

maybe too-early conclusions, but I cannot stop thinking about the fact that we are in a different timescales
when we speak about the science and technology,
politics or governance, education, economics, and
so forth. If you take the pace of the development of
science and technology, you know there is a curve,
maybe some kind of exponential curve over the last
century or even 50 years. And then if you take social
structure or constructs, particularly democracies, it’s
entirely different. I don’t know if it started with the
Greeks or with the French Revolution, but we can say
that modern society is 200 years old, or something
like that, but still we have less than a billion people
under a modern, democratic system, and that is a
rather small piece of the world population.
If you take economic growth, it’s also interesting
because economic growth, if we speak about modern society, we could say it started after the Middle
Ages, something like 400 years ago. So, it’s another
timescale. If you take education, the ability of people
or willingness of people to read and to write – some
societies have nothing written; others have a lot of
things written and accumulated. And the ability to
read is something different.

So, when it comes to going into space, you don’t
need probably alignment on all three or four components, but you need a kind of window of compatibility.
This is the safest way to say it: a window and time
frame where you have a compatible level of science
and technology, economic growth, education, and
governance that brings you to the fact that you can do
heavy, capital-intensive, or human-capital-intensive,
long-term efforts.
What we are now facing, which all of you were
describing, is a lot of social risk, a lot of geopolitical
risks, a lot of technological risks. So, are we ready, as
a planet, to overcome those big risks? Those are probably the biggest constraints or barriers for the next
wave. Don’t forget that what you did, as a scientist and
engineer during the last 50 years, was maybe something very, very special in the time frame that we are
looking for, which is multi-centuries.
Zimmerman: I’m reminded, as we go around the table,

talking about our society, that those of us in this room
are a very, very small fraction of an even smaller fraction of what is really happening in our society and our
world. There’s an occasional rumble from the windows
that’s indicative of that. There’s another meeting going
on here at the hotel, with about 150 Harley Davidsons parked out front. I wonder how many of those
people would share any of our goals and objectives
or perspectives. And that is the near pool of people.
What about the 90-some percent of the people in this
world, many of whom can’t read and write, who have
no understanding of this and no appreciation? Not
that they don’t have lives and value and interests, but
their interests are not the same interests that we share.
I think we really have to think through, as we think
about the future of exploring, how our initiatives
can be relevant, or at least useful and perceived and
understood by those people, to the extent that that’s
possible. That’s a huge challenge for us. Too often
we’re focusing on political problems, like weapons in
space: Will there be order in societies? Will we be able
to find common ground to cooperate?
In a sense, there’s a fundamental question, whether
our planet, our civilization is ready to embark on
those things and whether we can achieve them in a
way that will be useful and valued by the largest percent possible of people.
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… a mechanism has to be evolved
to make sure that a substantial
population of the planet has either
the direct benefits or
the indirect benefits of space.
Kasturirangan: That’s a very interesting observation
that Jim made. In fact, I fully agree with the fact that
there is a large segment of the planetary habitations
that are not directly involved or even touched by the
benefits of space. Obviously, one cannot keep this
aspect away from the considerations when we think
of a major initiative. That’s one mechanism in which
the politicians certainly come into the picture. We
cannot avoid the political decisions that enable the
nations to undertake these kinds of activities, especially when politicians are the ones who decide on
the priorities of whether there should be money for
space or money for healthcare and education. When
we look at space, we don’t look at the same priorities
as the politicians. Politicians do look very carefully,
with respect to every dollar: What is its utility to the
immediate welfare of the people?
But there are the beneficial effects of space. I spoke
a little bit about the India’s program. This needs to
be brought in and a mechanism has to be evolved to
make sure that a substantial population of the planet
has either the direct benefits or the indirect benefits
of space.
There are a few spacefaring nations – it could be
six; it could be eight; it could be ten – that have substantial programs. What mechanism do we have for
them to come together? ISS [International Space Station] is an excellent example of how the nations come
together to build a common infrastructure in space,
a model that certainly needs to be scaled several
times compared to what has been done at ISS. The
issue of scaling up a model of ISS is not the question
of a technical approach or a managerial approach. It
is something much more than that – it has political,
social, and economic aspects. There could be several
rules to do this, but that’s very critical if you have to
move in a positive direction in the coming century or
so in this connection.

226

This synergy between governmental funding for highrisk programs and private entrepreneurship that could
drive it with the requisite momentum – that is the kind
of model one has to consider in evolving a system
that is a practical goal.

Last, the present ones who have been very aggressive
in space have two components. One is enormous governmental support, and the governmental support is
extremely important when there are high-level risk
elements in the program. We have always found that
without the governmental support, there cannot be
a major risk-taking, which essentially means taxpayers’ money. That is one rule. At the same time, it has
to work in synergy with private entrepreneurship,
because that is where you get the kind of thrust and
drive that are needed to have a program in a reasonable time frame. This synergy between governmental
funding for high-risk programs and private entrepreneurship that could drive it with the requisite
momentum – that is the kind of model one has to
consider in evolving a system that is a practical goal.
Can you please describe the ISS model,
just for the sake of information? That is important if
that is to be considered as a baseline model to scale
up from.
Facilitator:

… as long as we have nation-states
and spacefaring countries, we have to
figure out a way to achieve a collective
initiative to venture into the cosmos.
Zimmerman: I am not sure that Dr. Kasturirangan was
taking the ISS model in the formal sense, but the fact
that nations need to come together and achieve coordination and appropriate interdependence. The thing
that would differ from the original ISS model is that
one has to have a system – some people talk about a
“system of systems” – that will allow each of the players the opportunity to create their vision and, in some
fashion, to achieve their vision independent of other
players. The interdependence is the collective whole.
There are indeed lessons to be learned from the
space station program, and I would submit that there
are more positive lessons than negative lessons. The
negative lessons are quite well understood, especially
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at the political level. The important thing is that, as
long as we have nation-states and spacefaring countries, we have to figure out a way to achieve a collective
initiative to venture into the cosmos.
Facilitator: What were the positives and the negatives that came out, as it’s currently assessed.
Zimmerman: Jean-Jacques Favier and others can com-

ment more, I’m sure, but on the positive side, taking
Europe as a whole, four or five agencies and countries
working together on an extremely complex, long-term
initiative that involved large sums of money – billions
of dollars of their investment – and successfully overcoming a lot of technological challenges in terms of
bringing different types of technologies together and
making them work successfully. There are human
beings living and working on orbit, and they have
been doing so for a long time, and they’re doing it
in a very peaceful fashion. They’ve been able to overcome a lot of disputes and difficulties and changes in
budget circumstances among the different players,
not just in the United States, but in other countries.
And they’ve done it successfully. So, at the working
and middle-management levels, I think you will find
a lot of people who find the space station program to
be a tremendous success, an unparalleled success in
long-term technological cooperation.
At the political level, it has, in a sense, been the
other side of the coin. It is a long-term program, and
the political and funding circumstances of the different players have changed dramatically, not just in
the United States, again, but in the other countries.
A number of the participants in the program have
found that, for better or worse, they put most if not
all of their eggs in a single basket. They’ve found that
because of that, with those changes, they have realized
less than they anticipated that they would realize.
Then, of course, there’s the current situation with
the change in the Space Shuttle program, the uncertainties of the long-term future of the station. So, the
final chapters of the station program have not yet been
written. Some will say that the cup is half empty and
others will say that the cup is half full. What’s clear is
that we have more time to see what happens.

… there is compatibility in education
and science and technology. So, I think
the thrust should be given
on education in terms of
awareness-raising.
Berenguer: I totally agree with my colleagues here on
the table about the awareness of political bodies and
that there should be some models in order to move
forward, but I think the key to all of this is really education – by education I mean awareness-raising.
Jim was saying that the motorcyclists outside are
probably not aware of the space programs, but I’m
pretty sure that they are aware of GPS, and information and communication technologies, and satellite
television. It’s just letting them know that all of this
needs taxpayers’ money and research; it needs science and technology. Indeed, there is compatibility
in education and science and technology. So, I think
the thrust should be given on education in terms of
awareness-raising.
Secondly, governmental support is important.
We need to find ways to get governmental support.
The different ministries are, in most cases, compartmentalized in the way of working. They should be
cooperating better so that there are more shared benefits and more discussions on future management.
All of this has to be taken into consideration so that,
on governmental policies, decision-makers take into
consideration future space programs.

Yolanda, let’s say that you are in charge
of the education and awareness project as it relates to
planetary exploration in space. You are the boss. Tell
me three things you would do in the next six months.
No holds barred.
Facilitator:

Berenguer: All over the planet? All right. First of
all, I’ll organize a global forum wherein the heads of
state will be informed of my agenda. Second, I will
organize a forum for all the different stakeholders at
the intermediate level, which will be the scientists,
the different departments ministries – water related,
environment related, all the different space applications that would have an effect on society on all the
different levels. And third I will do a bottom-up
approach. I would inform the public, and that would
take different techniques and different strategies,
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but I would be informing the public in general. That
includes children, normal housewives, the next-door
neighbor, the baker, the fisherman, all the different
levels of society.
So, my approach would be both top-down and bottom-up, and this is with no financial considerations.
Facilitator: All right. Does anyone want to comment

on that?

Kasturirangan: That’s wonderful. Most of the social,
political, economic revolutions have occurred – or
upheavals have occurred – through major moments
across nations. That kind of a moment would be
called for if one has to take up this kind of an activity,
and if so, we don’t have a model for that. What kind
of a moment across the world will make the population conscious of the next major step so that they
subscribe to it or at least be silent spectators to it?

Just to sharpen that point, I think that
we’re straying from the thousand-year theme, but
in our imagination is the clear prospect of humans,
for better or worse, going back to the Moon, and the
more distant prospect of humans going to Mars.
Putting it in your context, Dr. Kasturirangan, will
that be perceived as the achievement of one or a small
group of nations? Or will it be perceived as an achievement of society and of our planet? And will people all
around the planet, from the housewives to the Harley
Davidson riders to the fishermen, see benefit and be
curious and learn from that experience?

would be wonderful, but you could have a niche where
you could combine entrepreneurial individuals, corporations, a number of people having compatible
ideas and prospects, and this could work.
I think this is very important because, as we said
yesterday, in this large venture, you need a continued effort over time. This could be a strategy, and it
could be workable, I think. We want to keep options
open. We want to keep the knowledge and be able to
retrieve from archives of knowledge, and we want to
go forward.
And there are potential models to do such a thing,
even if the rest of the planet is not in compatible conditions, but still a number of actors are ready to make
it. Then, the role of governments is to maintain the
degree of freedom to do so.
Many of the spacefaring countries
of the world are focused on space
applications, and exploration is a small
fraction of what they do or wish to do.

Zimmerman:

Schieb: We have jumped from a large discussion about
political and social conditions into models, such as
the ISS model, and then to an action plan. This is fine,
but maybe there is some missing link in between.
If we are in the middle of a discussion of having
different scenarios, one is that if you first pursue globalization, you could have a kind of international
cooperation and think about improving the worldwide education level. If you have different scenarios
that are more disruptive for the next one or two generations, we have, in the history, a number of models
where you had coalition or league models. So, if you
want to speak about models, there is a lot of room
for imagination. Whether in the past or in modern
times, there are models for achievement, for an entrepreneurial approach. It could be one option, also,
that either you have grand-scale corporations, which
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The irony, in terms of investments and
so forth, is the dichotomy that we have touched on
briefly and others have touched a lot in earlier discussions these past three days: the dichotomy between
space exploration and space applications. Many of
the spacefaring countries of the world are focused on
space applications, and exploration is a small fraction
of what they do or wish to do. This is really the case in
Europe today and, to a large degree, the case in Japan
and India and China. The United States has indicated
that it intends to change its approach and focus heavily on exploration.
In my mind, these are not separate. These really
are not two different programs, and the success of one
will help achieve the success of the other. The excellent example of telecommunications and TV, going
back to the early days of the SITE [Satellite Instructional Television Experiment] project in India, which
was a tremendous success (also in Brazil), where the
ATS six-satellite constellation broadcast educational
programs to parts of India that had never had television before and never had the opportunity to learn
from it.
The reason I bring this up is because ultimately if
the broad elements of our society are to benefit from
Zimmerman:
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space exploration, they will need to go with us. It won’t
just be a few; it will be everyone – at least virtually.
So, they need to have those tools. One of the hardest
things for all of us in the space world is to understand
how to deal with the public engagement and how to
convince. We’re all struggling with that problem. But
one aspect of it that we’re very comfortable with is if
we could really bring the benefits of space technology
– society and space as well as society in space – to the
human beings, the 95 percent of our planet, we would
have a lot easier time in having that same group of
people understand the value of exploring space. They
would see both sides of that coin, and I would submit
that it is a single coin.
Facilitator: On the one hand we’re talking about
establishing the justifications and the rationalizations
on a global basis in order to be successful going forward. But the accomplishment of such objectives in
the past is rather checkered where you take monolithic
objectives on even national scales, or even revolutions
and movements, they tend to be dictatorial, and over
time actually fail. There are many examples like that.
The question in my mind is: Given the history of
doing great things on the planet, does it need to be,
or will it end up being, a globalized thing, or will it be
a few people getting together to go forward and do it
anyway, and then people adjust and react to whatever
falls out?

If we succeed, we have to do it globally.
Having said that, the reality will be that there will
be some players who play a major role and other players who will play a less major role.
Zimmerman:

late this. The arrival of humans on the Moon was the
result of conflict and competition. So, I hate to say
it in this way, but war may not necessarily be a bad
thing in the sense that it could stimulate.

… there’s a potential, to be slightly controversial, that
one could actually harness the resources of the military
establishments of the world in a positive way.

The other thing is – going back to this controversial
question of weapons in space – there’s a potential, to
be slightly controversial, that one could actually harness the resources of the military establishments of
the world in a positive way. I’m probably naive in saying this, but nevertheless, one can imagine that there
are interests of the spacefaring countries and their
interests in space, for instance in planetary protection,
protecting us against an incoming large object, where
these space-defense organizations could actually
work together in a collaborative fashion. That could
simplify a number of other aspects, so we shouldn’t
necessarily separate it out and say one is all white and
one is black.
But I think it has to be global, and I think that the
real challenge will be to figure out a way to accommodate the interests of the various countries in a simple
global vision. And maybe that vision is as simpleminded as: “We choose to explore.” Some will explore
for very, very specific reasons that are different from
others.
If I am a person involved in civil
war and starving in Darfur … what
rationale would I need to be given
to say that space exploration is
necessary…?

Facilitator: For the record, what are the reasons why
it has to be global?
Zimmerman: Because we are a single planet, the
countries and the agencies who are pursuing space
exploration, if they succeed, will succeed not simply
because a single country’s objectives are involved but
because they recognize that, while they may want to
show a degree of leadership, they are really pursuing
the planet’s objectives. It’s hard for me to imagine that
there’s any other scenario than ultimately a global scenario.
Now, there’s plenty of opportunity for competition.
We may have a few wars along the way – I certainly
hope not. Those wars could ultimately actually stimu-

Facilitator: If I am a person involved in civil war and

starving in the Darfur region of Sudan, in terms of
my lifetime and perhaps the next generation, what
rationale would I need to be given to say that space
exploration is necessary; it’s complex, but it has to be
a global effort?
If we are talking about the fact that it cannot be
a partitioned, compartmentalized effort, or even an
association of a few countries that take the lead, given
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the constraints of resources or energy or money or
whatever else is involved, if it has to be a global effort,
how do I connect me? How do I connect my needs to
the need for a global effort in space? Is my survival at
stake?
Zimmerman: There are two sides to this. There’s no
easy answer to this, obviously, but that’s why I say
that in approaching the future of space, one has to
approach the benefits of space, including the benefits
for that person in the Sudan where space technology
or spin-offs from space technology are improving the
quality of his life. We hope this includes the quality
of his family’s life to the extent that he is comfortable enough to appreciate dimensions beyond the
dimension of finding food on the table for the next
week. Space will not be the only element of that, but
it can contribute to that. We all know that it can contribute to that. That is why we really need to make
investments on the application side as much as on the
exploration side.
The second part of this is that contributions to
future space exploration can come in many ways. In
Africa, given its latitude, there’s a potential for receiving stations, because we will need antennas in a lot of
different parts of the world. There’s the potential in
certain parts of the world for landing sites. So, you can
imagine that a person in Africa could be in a uniquely
well-suited site for a receiving station and could take
some national or regional pride in the part that not
just the Russians or the Americans or the Japanese
or the Europeans are launching, but that his region,
maybe even his country or his locality, is playing a
role in this great adventure.
If we can take people beyond the dimension of
starvation and lack of education, at least a greater
proportion of the world society will have an interest
in that adventure. And if there is a television from a
SITE project that is showing the view of the astronaut
who is walking around Mars, that will be interesting
to the person in Sudan as well as the persons in New
York and Paris and Delhi.
Kasturirangan: I have a little different perspective
on this question of problems like Sudan. We are talking of a spacefaring society when we ultimately want
to get into these objectives. A spacefaring society has
to have certain characteristics. If those characteristics would also address the questions or the issues
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of the population of the Earth, then only there can
be a successful space effort of the magnitude that
we are talking. Then one can be positive about the
direction it will go. If the society continues to create
more and more Sudans, then obviously, whether that
society could be a spacefaring society, I have my own
doubts.
… from the standpoint of the social
and political factors, you can make
a perfectly good argument
not to put humans in space for
a substantial length of time.
Calvin: To change the topic, I hate playing the curmudgeon, which I did in telling you what I thought
the psychiatrists and social psychologists would say
about humans in space. Let me now try to play the
curmudgeon on behalf of scientists in other fields
that aren’t involved in the space effort and what they
would say, looking at the problem of putting humans
in space with all the political challenges that this
poses.
They would probably first say, as good scientists:
“Why on Earth are you designing space habitats when
you haven’t debugged it on Earth? You haven’t done
multiples of Biosphere 2, debugged the life support
systems. You haven’t done human closed groups,
like Biosphere 2 also did. You just don’t know what
the scale of the problems are because you haven’t
debugged them in a familiar environment where you
can allow things to go wrong, in effect, in order to test
out the system. There just needs to be an enormous
amount of work here on Earth to do these things.”
I think a lot of people would say that you just ought
to keep humans out of space – just the opposite thing –
in order to build the space program. It does nothing but
stir up political rivalries that could be suppressed in the
context of doing a much more technical cooperation
on research. Once you put people up there, it may be
very good for building political support, because it gets
people interested. There are all sorts of good reasons
that you can think of to use humans in space, simply to
build for the rest of the effort, but I think that from the
standpoint of the social and political factors, you can
make a perfectly good argument not to put humans in
space for a substantial length of time.
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Zimmerman: You obviously make a good point in
your first comment, and no doubt the next fishbowl
will address it when they talk about technical issues.
As far as not sending people to space, my own view
is that they’re there and they’ll keep going, and the
challenge is to find a way to pursue those activities
in as constructive, interdependent, global fashion as
possible over the long-term.
Calvin: But that’s the sort of rhetoric that we all use
for communicating with more general audiences.
But for communicating with ourselves, we ought to
be realistic in looking at the issues of terms of both
the pros and the cons. I was just suggesting one con
argument that would say that we, for a while, ought to
keep humans out of space until we debug everything
thoroughly on the ground, that we would be more
successful in building international ventures keeping
humans in space out of it. Part of it is for budgetary
reasons, because having humans in space, in effect,
takes away a lot of budget from all the robotic stuff.
Zimmerman: I benefit from working on a study
together with some of Dr. Kasturirangan’s colleagues
in the International Academy of Astronautics. I was
struck by that study and joined it, in part, because
the people who were behind it were a group of very
distinguished international scientists who were convinced that the long-term future of space exploration
is a mixed future of both humans and machines – and
that the two need to work in tandem. You send robots
where it makes most sense to send robots, and you
send humans often after robots, using robots in an
effective way.

What are the odds that space and
space exploration … will occur
not on some planned, globalized
basis, but in compartments, on a
trial-and-error basis…?
Facilitator: I’m going to raise another prospect or
possibility. What are the odds that space and space
exploration over the foreseeable future will occur
not on some planned, globalized basis, but in compartments, on a trial-and-error basis, with all the
mistakes being made, and corrections after the fact
being undertaken over the next 50 to 100 years? What
are the prospects for that, all social and political con-

siderations discussed taken into account, and given
the complexity of even getting organized to do it?
… I would make a different point,
which would relate to methods,
operation methodologies, or
risk management methodologies,
safety methods.
Schieb: I would think that the continuum is between
a globalized operation (the ideal process to do it) and
doing nothing, which may be what Bill is advocating.
And in between, if we speak about plausible, likely
road maps, it’s more or less something like that – a
combination of steps, crises, difficult ups and down,
and also some kind of, as we said, cooperation efforts
and individual endeavor. This is very likely, from what
we know from history and trends.
What Jim was advocating a moment ago was that if
you try to merge space-based applications and exploration as a kind of sector, then for sure when it comes
to justification you could have a number of very obvious space-based applications that have a lot of social
and economic benefit for society and the planet. But
this is different from advocating that human exploration has very obvious reasons to be done. Jim could
advocate the insurance argument, which is: What if
we have something going wrong with a near-Earth
object?
There is one thing that is difficult to convey. It is
what I would call methodologies or operations. I’m
a believer that methodologies are very important.
Between aeronautics and aerospace and the nuclear
industry, those are some of the more complex achievements of the last century, and they are subjects that
maybe not the entire population would understand,
but leaders, I think for sure, are understanding. So,
a justification is that it’s not pure knowledge, such as
astrophysics or astronomy, but it’s a kind of methodology you can develop. We were talking about shielding
yesterday and the fact that this is something that you
could need everywhere, not just for space. So, I would
make a different point, which would relate to methods, operation methodologies, or risk management
methodologies, safety methods. Personally, I would
value very much this kind of thing – something we
can gain by having exploration in mind.
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Calvin: Yes. I would echo that and suggest that one
of the spin-offs of trying closed habitats and closed
social groups and such will bear upon the problem of
how cities wind up restructuring in response to not
only bioterrorism threats, but influenza threats and
a variety of contamination-type issues where having some closed system may be seen as a way out. So,
you can produce enclaves that communicate but that
will be much more resistant to these kinds of things.
There could be very substantial spin-offs for human
population, going forward, for us to think about how
to do humans in space, but getting it working on the
ground first.
Facilitator: This is such a large subject that we could
be here all day just talking about this, but the idea is
to introduce the elements and the complexity of what
we’re talking about, and I think we’ve done that reasonably well. At this point, we’ll take the last two comments
within the fishbowl, and then we’ll turn it over to the
outside group for questions of the group inside.

… the alternate way of doing this,
which is what evolution has typically
done, is to pursue a lot of paths
at the same time … you learn
from your mistakes.
Calvin: One thing I would introduce is: We have a ten-

dency, because money is scarce, to do things one way,
to put our eggs in one basket, and the alternate way of
doing this, which is what evolution has typically done,
is to pursue a lot of paths at the same time; a great many
of them fail, but you learn from your mistakes. The
idea is almost to make a lot of mistakes to learn from,
but do it early. That’s an aspect of the social and political organization of this that we may want to consider,
that all this coordination that gets us into doing things
just one expensive way might, as Freeman Dyson likes
to emphasize, be better done by having a lot of small
projects that can fail or succeed quickly.
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… certainly you need political, social,
economic stability for nations to work
together in programs like space.
Kasturirangan: You addressed this question of how
do we go, whether we go in a structured fashion in
building up an international order for space activities.
This is very closely related to political/social/economic
systems of nations. There are instances in the very
recent past of nations suddenly undergoing transformation, for political reasons or for cultural reasons,
and these obviously have impact on the way in which
they pursue space. And one has very clear-cut ideas.
So, one of the crucial aspects of this kind of requirement is the long-term stability of political, social,
economic systems. Actually, that is a prerequisite. It is
a necessary condition – not sufficient condition – but
certainly you need political, social, economic stability
for nations to work together in programs like space.
Facilitator: With that, let’s invite the people on the
outside of the circle to comment or ask questions.
Professor Rao?

The support for the space program in
India did not come just because some
politicians proactively assisted us;
the support came from the people.
Rao: First, I think, as Yolanda said, education is critical. This doesn’t mean classical education. There are
all types of education. The problem we have is a tremendous amount of inequity in the global village.
When you have almost 30 percent or one third of the
population of the world living on less than $1 a day,
you’re asking for problems. You talk of fanaticism.
Ninety percent of the followers are people who are
unemployed, uneducated, and so on, and who resonate because they have nothing else to do. Inequity
and poverty breed this type of problem. Unless we
tackle them on a global level, I’m afraid we’re going to
have a very serious problem.
You said that villagers in India or elsewhere can
take part, and they do. In fact, it is extremely interesting to note, for example, that the basis for using space
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in India are the fisheries, the sustainable development
in agriculture, and so on, and even responding to the
systems came from the villagers. On a classical level,
they were probably uneducated, but they were not.
They responded very clearly. This is what prompted
the nation to really support the space program. The
support for the space program in India did not come
just because some politicians proactively assisted us;
the support came from the people. This has to come
through.
If you look at Africa, the problems are extremely
serious. The productivity is extremely poor. If you look
at the education – we’re talking about food productivity and food security – what is the technology being
used? It is the technology of the first agricultural revolution: muscle power of humans and animals. What
is the information they get? The third revolution is
the information and technology revolution.
This has to be global effort because it is in the interest of all nations, including the most developed, to
see that this inequity goes away. But unfortunately, in
the nation-state system, it doesn’t come through very
well. I’m afraid that this has to somehow be brought
in. For example, SITE was a program in which India
cooperated and India had the cooperation of many of
the nations. But it requires a tremendous amount of
effort, and this is where the politics comes in. It’s not
easy but it’s a very important thing.
Now, ISS, of course, is a program of the haves.
Maybe it doesn’t have have-nots, but somehow we
must really get into the question of getting the entire
world involved, because unless it is a global thing I’m
afraid we are not going to succeed.
You take the lunar explorations; you take the
Mars explorations of various nations; each one is trying to see what the others are doing and to see that
they’re doing the complementary things. Now, this
is not planned officially but in the exploration area
everybody wants to be in the forefront and they don’t
want to seem to repeat what others are doing. For all
the lunar plans up to 2010, the Mars missions up to
2010, everybody sees what the others are doing and
then they make sure that they are doing complementary operations. It is not a planned system; it is not
enforced by anybody, but automatically this is what
self-interest requires.

Before the end of this century we must ensure that the
equitable global village is established so that we can
then proceed for the next 900 years with
real space exploration.

The politicians need to be educated. I think this is
the most difficult thing. I have no doubt that I can
educate the villagers, but I have great doubts that I
can ever de-educate the body of politicians. This is
very, very difficult. But what I believe – and practically every demographer believes – that in the next 50
years we will have almost a population stabilization.
And before the end of this century, if we don’t achieve
an equitable global village, I’m afraid we’ll have lost
the opportunity. The problems related to the human
population growth in many of the nations is going to
be solved in the next 50 to 60 years. Before the end of
this century we must ensure that the equitable global
village is established so that we can then proceed for
the next 900 years with real space exploration.
… the species will move forward
beyond the planet in a small-scale,
robust effort, but not in any way
integrated … by some international,
multi-governmental operation.
Chaisson: The fish [members of the fishbowl] have
been discussing social and political problems on the
Earth, which is precisely why I think some of us need
to get off the Earth. I’m not an optimist; I’m not a
pessimist; I tend to think of myself as a realist. And
realistically it seems to me that we have reached the
point on the Earth where we will have just one global
problem after another confronting us forever more
for those who stay on the Earth. No matter how much
education you and I love to do, Yolanda, most people
are going to be consumed with trying to solve those
global problems. Maybe education will be part of the
solution, but they’re not going to necessarily embrace
space flight, space migration, immigration to space,
and all the other things we know and love; they’re
going to be consumed with solving those problems
because if they fail to solve any one problem, then
that’s it, because these are now global problems for the
first time that confront us.
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So, it seems to me – and therefore I take the opposite view, with respect – that it’s not going to be a
large-scale effort; it’s not going to be a governmental effort, because to try to pull that off will be to just
extrapolate many of the same problems we’ve now
confronted on the Earth.
I would like to decouple the effort from politics –
and, I hope, remove the politics – by urging if there is
to be any governmental support and encouragement,
that it be granted to small-scale, private entrepreneurial ventures that will go forth in large numbers. Some
of them will succeed and most of them will not: trial
and error, fits and starts, winners and losers. Most will
lose, but some will win, and the species will move forward beyond the planet in a small-scale, robust effort,
but not in any way integrated or attempted to be integrated by some international, multi-governmental
operation.
Speakers have been rightly talking about the
importance of global communication. It’s very important to put this idea into practice wherever possible,
even in small ways. For example, instead of speculating what the Harley Davidson riders might think
about space, would it not be a good idea if somebody
were to go downstairs and ask them?
Berry:

Abiodun: I think that leadership can be a great asset,
and India is a classical example. For example, Prime
Minister Rajiv Gandhi, as a pilot, walked into the
office of the Minister of Science and Technology and
he said, “Look, I’m flying and I have problems with
the clouds. What do we have in terms of meteorological satellites?” He was told, “We have none,” and that
started India’s road in satellite meteorology today.
Secondly, in my own country – Nigeria – as in
many other developing countries, the telephone was
a big problem. Now we have mobile communication.
In 2003 when there were changes implemented but
not a communication satellite, the population was
not impressed; they said, “We need a communication
satellite.” So, once the need is proven, the population
will go for it.
Now we think of space, and I fully agree with Eric.
My question is: Is space settlement or space exploration for everyone? For those who are looking at
the issues of political and social dimensions, if you
listened to your television yesterday on CNN, the
Secretary of State of the United States said that the
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United States is no longer going to support stability
at the expense of democracy. So, what system are you
going to practice in space if you allow mass migration
into space? My suggestion is: Everywhere we are going
within the solar system is a planet. The Earth itself is a
planet. Why can’t we use the Earth as a model and see
how we resolve the issues on Earth? Suppose we go to
other planets and we have the same problems – how
are we going to solve them?
… don’t be afraid of … using
education to sell space the way
Proctor & Gamble sells
laundry detergent.
Propaganda can be very effective.
Frisbee: A couple of points. First, I think education is
enormously important. It’s one of the few ways to get
people out of poverty and give them skills to move
them from poverty into middle class and ultimately
from middle class to very wealthy. A middle class
society is very important to stability; it gives the very
poor a target that’s attainable to reach to pull them
out of poverty. So, education is very important there,
and that’s something space can do.
Second, don’t be afraid of selling space, using education to sell space the way Proctor & Gamble sells
laundry detergent. Propaganda can be very effective.
A sales program can be very effective. I mentioned
the Walt Disney programs from 1957. That was thinly
disguised education as entertainment from Disney’s
point of view, but from Werner von Braun’s point of
view, it was a flat-out sales campaign that he had been
doing for decades. So, don’t be afraid to sell space
the way we sell cars and soap. It may be hard to convince a farmer starving on the edge of the Sahara that
space does things for him. Maybe you can convince
him that space will tell him when the rain is coming,
or where are good places to grow his crops through
remote sensing. But maybe what you have to do is tell
him: “We’re not going to change your life but we’re
going to make a better life for your children.” One of
the things humans do is sacrifice for their children,
for the following generations.
Finally, the economic issue is something we’ve been
wrestling with. We don’t really have a good answer
to it. Part of me says that we should let the robber
barons loose on space so they can rape and pillage
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the solar system and become obscenely wealthy. The
problem with that is that if you’re the person being
raped and pillaged and exploited, it’s not much fun.
It’s hard to be the slave on a pre-Civil War southern
plantation and be convinced that your efforts and
your sacrifice to make the plantation owner rich are
doing you a whole lot of good. There’s a good cautionary tale: Christopher Columbus’ voyages to the New
World supposedly took a bigger fraction of the Spanish budget or gross national product than Apollo did
for America. And it was enormously successful. There
was a tremendous wealth of the New World that
moved to Spain. A lot of people, not everyone, but a
lot of people were made obscenely wealthy. But when
the resources ran out, Spain was bankrupt because it
hadn’t used that wealth to develop its own internal
infrastructure, its own nation. It went from a superpower to almost a footnote in the history books.
… we’re not going to get anywhere
until we have a compelling reason…
I think that the compelling reason is
the psychological and physiological
survival of our species.
Doetsch: Apart from one or two of the interventions,
I think most of the focus has been on process rather
than rationale. We’ve talked how we should group
ourselves and how we should proceed, whether it
should be on a global or on a local basis. It seems to
me that we’re not going to get anywhere until we have
a compelling reason for going into space on a largescale basis. We have the small scale at the moment but
we need to have a compelling reason.
I think that the compelling reason is the psychological and physiological survival of our species. And
then the question becomes: What is going to trigger
the fear that we are not going to psychologically or
physically survive? I would like to ask the panel: If
you had to rank the event that is upcoming that will
trigger this sort of sense that we need to go into space,
what would that be? I shall add mine, just to get the
ball rolling: I think it will be the running out of fossil
fuels on Earth.
Calvin: Running out of fossil fuels will be sort of
gradual. I would pick abrupt climate change of the
sort that destroys the crops from a great many areas

of the world at the same time, and all of the warfare
from it. There would be a considerable sense from that
that there’s quite a lot to escape from. And I think that
the world after something like that would be a group
of rather dictatorial countries that hate each other.
There would even be the Puritans’ kind of motivation
to go form a colony elsewhere.
Facilitator: Any other quickly named compelling
reasons that Dr. Doetsch is asking for?
Schieb:

A big disaster, be it nuclear or whatever.

Kasturirangan: The compelling reason is that the
cycle of human endeavors in the past – exploration,
exploitation, black exploitation – it goes on. And I
think that space fits into that scheme.
Sallaberger: I agree with Dr. Kasturirangan’s last
statement: exploration, exploitation. I think it starts
with the exploration, which I could perhaps recharacterize as a sense of adventure. This is what motivates
people. We need only to look at when people get
excited about the space program: When there are
landings on the Moon, people get all excited; when
astronauts are coming to speak in classrooms, they’re
the most popular people.
In surveys, what do people know about the space
program? They know about the human space program; that’s what excites them. This is because people
identify vicariously with those members of our society,
members of humanity that are going out into space.
So, I pose a question to Professor Calvin, who has
said that perhaps we should not be sending humans
into space. Instead, we should solve the problems
on the ground first before we send our people out. I
wonder if that is the best approach. If you’re trying to
motivate the public and get them excited about space,
how could you turn your back on that perfect tool of
having members of humanity going out into space
and getting people excited?
Calvin: In all societies that have been studied, the
anthropologists have epic tales from the oral tradition. These typically follow the pattern: Hero sets
out, runs into difficulties, fails, returns back home,
reorganizes, sets out with a trusted buddy, and finally
succeeds and returns home in triumph. The science
fiction writers have been exploiting this. Certainly
space exploration could fit into this and one could,
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indeed, exploit this kind of epic structure.
I hate to see us in the business of building drama,
of setting up things so that they’re on the verge of
failure and everybody is there waiting to see whether
it’s going to crash. There has been some payoff from
that in terms of doing science and exploring robotic
technology. I would concede that. I am beginning to
wonder how much the humans in space issue is going
to start compromising things, just because it brings
political antagonisms or competitions into play that
would not exist in the robotic area – we would cooperate if it was robotic, but go our own way otherwise.
I’m almost certain it will be a global
effort but it won’t be an international
effort in the classic sense. This is going
to be a transnational effort.

One of the critical questions I heard from
the fishbowl today was this notion of whether moving
into space for humankind had to be a global effort.
Simpson:
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My reaction to that is: I’m almost certain it will be a
global effort but it won’t be an international effort in
the classic sense. This is going to be a transnational
effort. Just as we’ve grouped a bunch of what you could
call “intellectual elites” into this room who are all
madly in love with the idea of getting to space, I think
it’s those people who, across national lines, are going
to take us, for the next 100 or 200 years, into space.
Most people on this planet will not perceive a bit of
benefit from it – absolutely won’t. They won’t even
know about it any more than a peasant in a remote
village knew that a Venetian who had been trained in
Portugal had set sail under the flag of Spain to head to
someplace they had never heard about before.
And I think that we need to solve these problems
on Earth that we have talked about, but that’s going to
be an independent action of what we’re talking about
with space.
Okay. That concludes this fishbowl.
Thank you very much.
Facilitator:
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Michael Simpson

Initially each participant in the
fishbowl should outline what are the
important considerations under lowcost access to take into account.
Sesh  Velamoor  (Facilitator): The second fishbowl
is on the subject of low-cost access to space. I would
like to start with the same procedure. Initially each
participant in the fishbowl should outline what are
the important considerations under low-cost access
to take into account. Maybe there will be some consensus on what the important components are, and
then we can focus on those.

The only kind of launch technology
we have today is related to
chemical propulsion,
and we know the limitation …
Favier: I would like to address some of the difficulties
that we are meeting with launches today. As everybody knows, the launch is the first step and the first
technology that we have to master in order to have a
space program and to be able to go into space.
There are two categories of difficulty we meet today,
I think. The first one is related to the technology itself.
The only kind of launch technology we have today
is related to chemical propulsion, and we know the

limitation of the chemical propulsion, which is not
efficient enough to launch big spacecrafts and masses
into space. Therefore, in order to have other types of
access to space, we have to find a new way and new
technologies for the future.
The second difficulty that we are meeting today is
the way we proceed in order to develop the launchers. Most of the spacefaring countries are developing
their means and, therefore their launchers, through
governmental programs. Therefore, the private enterprises are not leaders today in launch development.
Based on this situation, we could imagine several evolutions. The first one, in order to decrease the launch
cost, is to develop series of launchers, meaning having
launchers developed like cars today in another kind
of industry. This is more or less what the Russians are
doing today with their launchers. They are developing tens or hundreds of models at the same time in
a very small period of time. Therefore, they are able
to decrease the cost of each launch. A second way to
decrease the cost may be to have the private companies more involved in this process.

To launch a Space Shuttle,
20,000 people have to be present
and they all have to be paid.
Berry: One of the reasons, as my colleague says,
that present launching is so expensive is because of
the number of people that have to be present during
launch. To launch a Space Shuttle, 20,000 people have
to be present and they all have to be paid. This adds to
the cost of the launch – whereas when a 747 takes off,
not more than 12 people have to be present.
It would be very nice if we could have nuclearpowered rockets to launch us into orbit, but to do
that you have to find a very remote part of the Earth
because local residents would take the first opportu-
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nity to take you to court, as they have, indeed, twice
on shuttle launches. When the Cassini-Huygens
probe was launched from Cape Canaveral, the residents took NASA to court. Luckily, the Washington
district courts said the launch could go ahead. So, it’s
very important to find a remote place on Earth where
there aren’t all these residents.
Now, as Arthur C. Clarke said, “When you’re in
Earth orbit, you’re halfway to anywhere,” but we’ve
also got to find a way to have launch vehicles that don’t
stop when they get to Earth orbit but just go straight
on to wherever they want to go. And the really wonderful time is when we can have this space elevator.
This is one place where economic price
theory is just likely to work. If, in fact,
we get the price of access down,
we are going to see demand rise.
Simpson: With our topic on low-cost access to space,
one thing to understand is that, although access is
something that all of us are extremely excited about,
the cost issue is extraordinarily important in figuring
out where this thousand-year time frame that we’re
talking about at this workshop actually ends up. It
will affect dramatically who is going into space and
in what volume. This is one place where economic
price theory is just likely to work. If, in fact, we get the
price of access down, we are going to see demand rise.
And we are not only going to see demand respond
at a rate predictable in terms of current activity, also
we’re going to see what they call “new demand” enter
the marketplace – that is, demand that simply has not
been activated yet because nobody is even thinking
about a possibility in a world where it takes essentially
$20,000 per kilo to put something into Earth orbit.
There are only so many business plans that could conceivably support such a thing.
As we get that price down, we see different people
entering the system. And this notion that I suggested
earlier of a kind of transnational move into space, as
various elites start to say, “This is something I want
to do,” becomes very, very possible, because private
money then gets to a point where it is within range of
doing things in space and doing things beyond Earth
orbit that it can’t conceive of doing right now.
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… we need to encourage private
enterprise investment and move
away from launch vehicles as
government investments.
Sallaberger: I would like to come at it from somewhat of the longer-term perspective, and Michael
Simpson started going in that direction. If we look at
where we would like to be in a thousand years, if we
subscribe to this view that the ideal future would be
one where we have humanity having moved out into
space, where we have moved from a terrestrial species to a solar system species, where we have presence
on the Moon, on Mars, at Lagrangian points over the
next thousand years, we must ask ourselves: What is
the most important thing holding us back from realizing that future? One has to agree that the cost of
access to space is really the limiting factor, certainly
in the near term. It’s only by addressing that that we
can really open up that future, or those futures that
are attractive for humanity in space.
If one looks at how we address this issue of lowering the cost of access to space, there’s been a bit of
work on that, or some discussion on that. The launch
costs are coming down a little bit in the last few years.
I don’t think we’ve addressed that yet, as humanity, in
a very effective way.
The lower launch costs that we’re seeing right now,
I think, are a little bit of an anomaly because of decommission into continental ballistic missiles, which are
now available for reasonably low cost and people are
using that to launch payloads into space. But that supply will run out fairly shortly, and to really address
lowering of launch costs, I think we need to encourage
private enterprise investment and move away from
launch vehicles as government investments. We see a
little bit of that starting in the world today with certain commercial competitions for launch for humans
in space, such as the X-Prize, with some innovative,
almost entrepreneurial ventures looking at building
launch vehicles. We, as a society, need to encourage
that and our governments also need to encourage that
and provide opportunity for those first steps towards
lowering launch costs to be successful by providing
a market for them that could then build further and
open up the long-term future for us.
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What would happen to the economics
of launching if we had lots of
little launch vehicles launching
many small objects…?
Frisbee: The cost of launching things into space has
enormous leverage. It affects everything we do in
space. It drives things like reliability and performance,
because you know that you basically have one chance
to do this, because you don’t have enough money to
launch an extra unit, so it has tremendous impact in
terms of exploration and exploitation. If you’re going
to build a solar-powered satellite, a big driver is the
cost of getting all the required supplies and materials
into orbit.
What we have right now is sort of a “chicken and
egg” problem: Which came first – the chicken or the
egg? Part of the reason we have very high launch cost
is because we have so few launches. If we had many,
many launches, then cost per launch would tend to
go down. But we’re not going to have many, many
launches until the cost per launch goes down. So,
we’re really stuck at this point in history.
I would agree that we need to see a shift from
government investment in technologies to privatesector investments, because the amount of resources
currently, for just basic research and development in
engine technology, from government is quite limited on a large scale. It takes many, many hundreds
of millions of dollars to develop a new engine, and
potentially many billions of dollars to develop a complete new launch system. Part of that is the reason
why we’re still depending on ICBM technologies that
are 40-plus years old. It’s a real problem. There may
not be any easy solutions. It may take some sort of
hybrid between government and industrial funding
and development to get us new options.
Another part of the problem, too, may be the issue
of just size and scale. Right now we have relatively
small launch vehicles with very dedicated payloads.
What would happen to the economics of launching
if we had lots of little launch vehicles launching many
small objects, small amounts of material into orbit
that could then be assembled into larger systems, or
used to support larger systems? One idea that’s been
bandied about is using high-acceleration catapults

to lob tanks of propellant into orbit, or other things
for which we don’t care about acceleration loads, and
then using that propellant mass to fly around the solar
system.
I suspect that, in the long run, the problem is going
to be partly technical and partly economic and partly
societal. Is a society, a nation, a civilization going to
be willing to put the investment in to do this, maybe
in terms of building infrastructures, like a catapult or
a space elevator? Are we going to really be willing to
do it to be able to break out of the Earth?
Facilitator: When you look at the information technology aspects of what has happened over the last 30,
40, 50 years, we have what is called Moore’s law. What
are the applicability and relevance of Moore’s law to
the lowering of the cost of access into space? Does
the history of launching space vehicles fit that curve
somehow? Is it in the early stages of Moore’s law, or
does the analogy simply not apply?
Frisbee: There may be two aspects here. Adrian
touched on one, and that is that currently we require
this huge standing army of humans to support every
launch. One of the big pushes has been to automate
the health monitoring, the checkout of spacecraft and
launch vehicles, to replace this mass of humans with
masses of computer chips that can sense, analyze, correct, and, if need be, then talk to the people and say,
“Help. I can’t solve this problem.” Potentially, automation or mechanization of launch systems may be an
area where this would apply, because, remember, part
of Moore’s law has to do with the volume of chips.
The second problem we face is that we build very
small numbers of launch vehicles, ones and twos. The
total production run of shuttles is five or six, if you
count the early ones. They cost $1 billion to $2 billion each, because you’re building only five of them.
If Toyota built five Camrys in a year and had to pay
for all the infrastructures of the auto assembly plant,
a Camry might not cost a billion dollars but it would
cost a lot more than it does now. So, part of it is volume. If you’re building ones and twos or tens and
twenties of launch vehicles, you won’t see Moore’s
law. But if you’re building hundreds or thousands of
launch vehicles, then you will.
Facilitator: But in a historical sense, isn’t there a parallel, say, with automobiles – until the Model T came
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along with an assembly line?
Sallaberger: I think you’ve hit it on the head there,
and Robert had the same point: It’s a question of volume. There is also the fact that Moore’s law applies
because computers are a consumer good. Launch
vehicles are definitely not a consumer good. They’re
not producing those kinds of volumes. We can hope
that they will be.
Facilitator: Computers were not consumer goods
at one time, though. I remember building 7600s for
Control Data. That computer – the size of it occupied
entire buildings – had probably a demand of two on
the entire planet.

Facilitator: A question regarding the components
of cost of a launch: Typically in manufacturing we
divide it into labor and material and overhead. Could
you enlighten me on what those proportionalities are
in terms of a launch situation? Do the 20,000 people overrun the cost of the material content of the
launcher? Or is it the overhead in terms of all those
people sitting there supervising and managing that
occupies the cost of a launch?
Sallaberger: The analogy to a manufacturing environment doesn’t totally apply because the production
volumes are so low. You need to recover the actual
design costs, which are very high.
Rao:

Even if you wanted to build up
infrastructure in low Earth orbit, it’s
still, in terms of energy cost, an order
of magnitude less expensive than
launching from Earth.
Sallaberger: But certainly if you look at what has
happened over the last few decades in the computer
field, it has been driven by the large volumes, and
we’re not yet seeing that in the space field.
But we can perhaps look at the problem a little
broader in that there’s another way to lower launch
costs, and that is to launch fewer things from Earth. If
we talk about implementation of the infrastructure in
space, wherever that happens to be in space, if we can
use resources that are already in space, that’s another
way to lower the overall cost of launching what we
need to from the Earth. What’s interesting is that the
surface of the Earth is a very expensive place to bring
things from in terms of energy costs, because you have
to fight the gravity well of the Earth; you have to fight
your way through the Earth’s thick atmosphere. Even
if you wanted to build up infrastructure in low Earth
orbit, it’s still, in terms of energy cost, an order of
magnitude less expensive than launching from Earth.
Or we could launch from the surface of the Moon or
grab things from Earth-crossing asteroids.
There are, of course, other problems with obtaining
raw materials from space because you don’t have the
infrastructure that you do on the surface of the Earth,
but in the long-term scenario that we’re talking about,
the thousand-year horizon, we have to consider that
a real possibility.
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Eighty percent is labor and overhead.

Facilitator: So, 20 percent is actually the material
cost. That’s important to know, because if you’re going
to lower costs, you have to target the 80 percent.
Rao: At every point what you have is a large number
of people, and there is the infrastructure you have to
build for the manufacture of the rocket. It is so large.
That’s where the overhead comes in. Between overhead and labor – not just manufacturing labor but
including the intellectual labor involved – it is very,
very large. That is the reason why the cost in China
and India is much lower for building the rocket than
in the United States.
Sallaberger: To complete the answer, the percentage
that I would put on the raw material cost is actually
even less than 20 percent. I would say substantially
less.
Frisbee: If you take the figure of 20,000 people at
Cape Canaveral and if you assume that their cost,
with overhead and everything, is about $200,000 a
year, that’s $4 billion, and that’s most of the Shuttle
program budget.
Berry: I fear that governments perhaps have an interest in continuing the present situation, because it
does provide lots of jobs and they don’t really have an
interest in greatly decreasing the number of people
who take part in the launch.
Facilitator: I would like you to comment on the idea
of reusable launch vehicles.
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… the way the Russians are doing it …
they are producing launchers in series
like Henry Ford did with the Model T.
Favier: I mentioned before the way the Russians are
doing it. Actually, they are using the same launchers
for 40 or 50 years – the Soyuz launcher, for instance.
And they are producing launchers in series like
Henry Ford did with the Model T. At the end, when
the launcher is ready, they are testing them and putting them in three categories. The best ones are for
military purposes. The second best are for human
space flight, and the third are for scientific missions.
By doing this, they save a lot of money.
Frisbee: I would agree. I’ve seen the pictures. The Russians are cranking out the launch vehicles like Henry
Ford or Toyota or whoever. That also gives you the
opportunity, like a Toyota, to make continuous, incremental improvements, if you keep building the same
basic unit over time. It can get better and better. Yes,
you’ll have the occasional failure, but you learn what
went wrong and you fix it for the next 100 units. The
way it is now, we have so few launches, for example, of
planetary spacecraft, that we often joke that we spend
more on the failure review board than it would have
cost to fix the problem in the first place.
Facilitator: You’ve mentioned the Soyuz, the other
programs, and cost-differential advantages related
to China and India. Does the not-invented-here
syndrome prevail when it comes to costs and development of launch vehicles? That is, is it conceivable
that already it’s happening or is likely to happen where
there is outsourcing and accessing of components as
they fit one’s own launch efforts?
Frisbee: The not-invented-here syndrome is real and
alive and well – but we’re starting to see international
cooperation, even though it can be very, very difficult because of all the different restrictions that are
imposed. We call it ITAR. It’s there, and yet, again,
the commercial launch industry is using Russian
rocket engines. We’re looking at using Russian electric thrusters for a number of our robotic missions.
There’s been a very useful and fruitful exchange of
ideas, but quite often you run into political barriers.

Sallaberger: I would disagree a little bit with Robert. I think that the perspective you’ve just shared
is perhaps a US-centric one, and even a US government-centric one. You are quite right that there are
very real restrictions there, ITAR and others. But if we
see what’s happening in the commercial world – we,
as a company, work for a lot of commercial customers and procure launches – they really don’t care at all
where the launch vehicle is coming from. Value for
dollar is what’s important.
That was along the lines of my earlier comment
about the importance perhaps of encouraging that
commercial kind of outlook and private enterprise in
providing launch services. It also ties to your earlier
question, Sesh, which I think wasn’t answered: What
about some of these innovative companies proposing things such as reusable launch vehicles? These are
the companies I referred to earlier as entrepreneurial.
Certainly in spirit Kistler Aerospace is entrepreneurial,
and there are other examples of companies like that as
well. There again, we need to encourage them or ask
our governments to encourage them, and there we run
into the kind of roadblocks that Robert talked about,
where space is a very conservative field and the space
agencies in particular, so getting any acceptance for
these innovative approaches isn’t always the easiest.

It may well be that we see the launcher
business move into a phase where
access is piggyback, multiple payloads
on very big machines …
Simpson: I would like to return briefly to a question
you raised earlier, Sesh, on the Moore’s law concept.
We have talked a lot about the solid analysis of the
volume element of Moore’s law. And I think that’s
the key reason why it doesn’t apply directly to the
launcher business. But there is an allegory to another
part of Moore’s law, which is the importance of miniaturization in the way that Moore’s law has moved: The
same or smaller space has included larger and larger
amounts of value in the chip business. We’re beginning to see people look on that side of the launcher
business. It is interesting that a lot of that is coming
on the private side.
The FALCON Project is due to launch in August
a relatively small launch vehicle, with the hope of
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creating a larger, scaled-up version of that in the subsequent phase. A lot of that business plan – when you
hear Elon Musk talk about what he is hoping to be
able to do with that smaller launch vehicle – is based
on the notion that the value of payloads can be compressed into smaller and smaller and smaller levels,
when the trend in recent times, in part because of the
availability of what amounted to subsidized government launchers, was to make bigger and bigger and
bigger behemoths to take to geosynchronous orbit.
The whole business plan of the Ariane 5 Heavy is built
on getting two very heavy satellites to geosynchronous orbit. It may well be that we see the launcher
business move into a phase where access is piggyback,
multiple payloads on very big machines, and an awful
lot of product going into orbit for on-orbit assembly
or on-orbit servicing, or even stage transportation
beyond Earth orbit on much smaller vehicles.
If we get to the much smaller vehicles, we begin to
deal with the volume problem; we begin to deal with
the scaling problem; and we begin, also, to open up a
certain amount of creativity to somebody who might
find that – if Elon delivers what he’s hoping to deliver –
reducing cost to orbit by ten times suddenly opens up
the possibility of doing something with space that we
haven’t done yet. In economics, that would, in effect,
mean that there was not just a responsive supply, but
an increase in supply, an actual change because of a
technological move or a change in the way we use a
resource. And that could be a dramatic opportunity
to open this kind of private vision of doing something
with space that creates a lot of potential, interesting
vectors for the future.
… we are starting to build
microsatellites – essentially vehicles
that have all the capability of a
multi-ton comsat in something
the size of a suitcase.
Frisbee: One issue I would raise about the multiplelaunch problem is that it may become very difficult
in terms of insurance carriers. There would be just
too many satellites on one vehicle that might fail, so
they might consider it too big a risk. But I would very
much agree that the idea, at least for unmanned space
exploration and commercialization, is very attractive to have lots of very small launchers. It gives small

242

organizations the opportunity to play in space, even
including universities, so there are tremendous education possibilities.
There is also the technically interesting aspect in
that we are starting to build microsatellites – essentially vehicles that have all the capability of a multi-ton
comsat in something the size of a suitcase. So, if you
had something like a Pegasus – that’s, what, $25 million to launch, I think – if you had something like
that that could actually go to GEO and deliver a small
payload that had the capability of these huge systems,
that could revolutionize the market. You would have a
lot more players, a lot more business space.

First, micro technologies is one way
to go, to try to develop microor even nano-satellites.
Favier: Maybe in this line we can be a little bit more
specific and try to anticipate the breakthrough in the
launcher paradigm. First, micro technologies is one
way to go, to try to develop micro- or even nano-satellites. But there are limitations related to this way to
reduce size, which is by definition the physics. For
instance, if you want to have a telescope, the optical
loads tell you that you have to get metals of size in
order to realize it, so the fly formations could be, possibly, small micro satellites flying all together. But there
are some limitations: We cannot expect to have all the
existing satellites going to micro- or nano-size.
Second, if you deal with the human space program,
the humans are six foot five inches tall, or something
like that, so you will need big infrastructures, and
therefore heavy launchers. In telecommunications,
the technology can comply with miniaturization of
all that you need, technically speaking, but there is a
limited number of sites on the GEO orbit to concentrate the number of transponders to increase the size
of the telecom satellites. So, it’s not straightforward.
You cannot imagine that everything will decrease.
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All the analysis today shows that the expendable are still
the low-cost launchers until you reach at least
a hundred launches per year.

… on the issue of reusability, you get very nasty
economics if you don’t have high numbers
of vehicles and launches.

The last point for decreasing the cost of the launchers
is the debate on expendable versus reusable launchers. All the analysis today shows that the expendable
are still the low-cost launchers until you reach at least
a hundred launches per year. So, we come back to the
egg-and-chicken problem: If we get more reasons to
launch, we can go to the reusable launchers with a significant decrease in cost. If not, we will stay with the
expendable and with the costs they have.

Frisbee: I agree with you. Friends of ours went on a
vacation to the Galapagos Islands; a hundred years
ago only if you were a government-funded scientist,
like Darwin, could you do that. Now, it’s $5,000 or
$10,000.
Second, on the issue of reusability, you get very
nasty economics if you don’t have high numbers of
vehicles and launches. Again, if you built one vehicle
and it was perfectly reusable and it could launch every
day, the vehicle would be fabulously expensive and it
would have to launch every day to amortize out the
cost of the vehicle.
Third, there are three categories of things we want
to put into space. We have things like communication
satellites that have, proportionally, a low mass, but the
information they transmit has very high value. Information doesn’t weigh much, but it’s very high value,
whether it’s TV or telephones or whatever. At the
other extreme are things like human vehicles, where
you have very high mass and, hopefully, very high
value, because they’re people. The middle point has
things like propellant and food and building materials that have high mass but are somewhat intrinsically
low value. So, there may be areas in there that we can
attack the problems for looking at ways of lowering
costs.

Sallaberger: Jean-Jacques hit a few key points.
One is that if we’re talking about human expansion
into space, talk of miniaturizing and nano-satellites
really doesn’t address the topic of lowering that cost
of access to space. Another point he made is that
we really need to be thinking in terms of hundreds
of launches to actually get into that reusable launch
vehicle scenario.
I would like to bring us back again into that longer-term view of expansion of humanity into space,
and how we’re addressing that: not how we’re going to
lower the launch costs to put a cheaper telecommunications satellite up in the next five years, but how
we’re going to open up space for humanity. There
I would like to put something on the table that we
haven’t discussed yet, and that’s space tourism. If we
look at the analogy to the aviation world, the cost of
travel by plane really came down when the tourist
market opened up for it, and planes are not expendable. Planes are most definitely reusable. If we think
of that as a paradigm, there have been surveys, and
we see that there are many, many people who are willing to spend considerable amounts of money to be a
tourist in space. We’ve even seen examples of billionaires doing that, but there are hundreds of thousands
of people who would spend $5,000 or $10,000 to go
into space. As the price comes down, I think we’ll see
that field open up. Space tourism is something that
we all laughed at five or ten years ago, but now, with
things like the X-Prize, are starting to take seriously.
Perhaps that’s one of the vehicles that will help us see
this lowering of launch costs.

Facilitator: Yesterday we heard some numbers about
what the target costs should be, or what is appropriate, going from $10,000 to $100–$200 a pound.
I’m assuming that if this gradient is achieved, it will
accommodate the objectives in space, whether it’s
human or satellites or whatever over long enough
periods of time. If that assumption is valid, tell me if
it will happen and when it might happen. No qualifications to the answer, just a guess. I would like each
of you to answer.
Frisbee: Crystal ball time. The first step would be a
launch-assist catapult with the construction funded
by a government, so that you don’t have to try to
amortize the cost of the launcher. That might get you

Humanity 3000 “Humans and Space: The Next Thousand Years” Proceedings

243

Section 4.5.2 | Transcripts
Fishbowl 2
Low-cost Access

down in cost to your target of hundreds of dollars per
kilogram in the near term, meaning, I would optimistically say, 20 years based on the technology – but
based on the politics, who knows?
In the long term, a space elevator might get you
down to dollars per kilogram, but, again, it would
almost take a government to build it so that the user
didn’t have to pay off and amortize that cost.

I think that the cost will come down
when launches become private and
not state owned …

I think that the cost will come down when
launches become private and not state owned, because
private people will not have the interest in giving people jobs for the sake of it.
Berry:

Favier: The cost will get lower if we change, also, the
concept of launching, but, with an increase of traffic, teamed with the space tug, perhaps 30 years from
now.
Sallaberger: I like Jean-Jacques’s answer, because it
it’s exactly mine. On your question of if it will occur
– the answer is yes. And $200 per pound in today’s
dollars or the equivalent in the future of today’s dollars, I would say within three decades, and that will
be enabled by the commercial provision of launch
services.

What I’m willing to say is that by 2015
we’ll see $2,000 per kilo to low Earth
orbit for payloads of a ton or less.
And that’s going to create a
brand new market …
Simpson: I’m going to be a little bolder with that,
because I really think that the private enterprise issue
is on the track of an interesting solution. What I’m willing to say is that by 2015 we’ll see $2,000 per kilo to
low Earth orbit for payloads of a ton or less. And that’s
going to create a brand new market that will then revolutionize the ten years afterwards, simply because it will
make the space tug more real, more quickly, because
you’ll be able to manufacture it up there.

244

Facilitator: Great. Let’s open the discussion to those
outside the fishbowl. Professor Rao?

Let’s come back to the main point: Why is it that
the launch cost is high? It’s obvious to all of us that
with the present rockets, the payload complement is
about 1.5 to 2 percent of the total weight. This is true
of almost any rocket, whether it is Chinese, Russian,
Indian, or US. Now, obviously, if your aircraft showed
a value of only 1.5 percent, your cost of travel will be
multiplied a hundred times, so we have to increase it
to a minimum of 10 percent. And if you have to do
that, obviously it has to be an air-breathing engine. I
think there is no other way.
There’s a lot of work going on, using the air-breathing engines, both for the so-called SSTO and the TSTO
– the single-stage-to-orbit and two-stage-to-orbit. Of
course, the single-stage-to-orbit is much more efficient,
if one can do that, but it takes a bit more money and
time. One has an understanding of the technology. I
expect this will happen. By increasing the payload factor from 1.5 percent to about 10 to 15 percent you gain
a factor of 10. Therefore, I think we should be able to
go to $200 per kg in about 30 years, so I agree with the
panel members, using the air-breathing system, the
SSTO or TSTO, or with nuclear propulsion. Nuclear
propulsion is not accepted, as a part of the United
Nations agreement and treaty, and therefore that is the
reason I would prefer the SSTO or TSTO.
Finally, to go from $200 to $20 per kg is tied to the
need for a large number of launches. This could be
solar-powered satellites or space tourism or resource
exploration from the planets. Any of these things,
which require a large number of launches, would
essentially provide the volume discount. And the
reaching of the $20 will, of course, probably require
the space elevator, so I think we should be able to
reach the $20 in about 70 to 100 years. I would assume
that we will have space elevators available and use the
Moon as the staging point where we can even make
propellants there and see how it can be done.
With the existing type of rocket launchers, we can,
at best, go to a payload rate of 3 percent, not more
than that.
Rao:

Doetsch: What is it that can create the volume to
actually demand a large number of launches? Christian Sallaberger started it off with the reference to
tourism. That one is particularly pertinent to what
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we’re discussing because here you’re talking about
taking a large number of people into space who will
be the ambassadors for further exploration of space
by humans in the future. I see this as an absolutely
critical step in this movement towards humans in
space in a thousand years. Without tourism, with it
being just government-based activity, it will not take
off sufficiently; the market will not be sufficient.
Professor Rao added: What else needs to be taken
into space, either in volume or in mass? It’s very clear
that if we are going to use solar energy as one of the
means of helping delay the time when the fossil fuels
have run out, putting those systems into space will,
in fact, require both volumes and masses that can
bring down launch costs very significantly. I think
the exploitation of extraterrestrial resources – I’m not
quite sure I’m fully in agreement that in the timescale
of 70 to 100 years we’ll be there, but it is clearly possible subsequently. How much of that, though, will
require launch vehicles from Earth to make happen, as
opposed to new launch vehicles in space? I think that
becomes the critical issue and probably is the one that
I would like to leave as a final question for the panel.
We’ve talked a lot about lowering launch costs
from Earth into space but we haven’t really addressed
the much bigger question: When we get into space,
what are we going to use as our transportation vehicles, and how are those costs going to be reduced
significantly?
Space tourism will be a sport for
the rich at first … Even at $200 per
kilogram, $100 per kilogram, or even
$20 per kilogram, it will still
be expensive.
Bruckner: Talking about the costs of transportation, I couldn’t help but think of, one, the history
of commercial air transport, which, when it started,
according to my estimates, cost about $100 per kilogram to transport a passenger in one of the early
commercial airplanes, and is now down to $5 a kilogram or less, depending on where you’re going. A
more recent example is the Concorde, which was a
government project to begin with, heavily subsidized
by the French and British governments. It was in place
for approximately 30 years. It had a passenger load of
about 100, and it flew daily, more than once. But if we

assume it flew only once daily, it perhaps transported
about 30,000 to 40,000 passengers per year. That’s
a conservative number. And it flew for 30 years, so
about a million people or thereabouts, plus or minus
a few hundred thousand, flew on the Concorde. Yet,
there was no groundswell of demand for supersonic
transport and flight.
That was, I think, one of the mistakes in the planning. Everybody thought that supersonic transports
were going to be the thing of the future. It was thought
that everybody would demand to be able to travel
from New York to London in two and a half or three
hours, or to Tokyo in less than four hours. I would
have loved to do it but I couldn’t afford it because the
Concorde also cost $100 per kilogram, which is a lot
of money for the average person to afford.
So, where am I going with this space tourism? Space
tourism will be a sport for the rich at first. I don’t see
how it can ever be really cheap. Even at $200 per kilogram, $100 per kilogram, or even $20 per kilogram, it
will still be expensive. And the question is: How long
will it last? Initially we’re talking about space tourism
to low Earth orbit or to a space station or suborbital.
After a while, the thrill of flying there will wear off.
How many of us get on an airplane for the thrill of
flying? Very few. If I had the wherewithal to pay for
it, I might get on a Concorde, if it still existed, for the
experience of being able to go across the ocean in a
couple of hours. But after a while, I think that tourism, although it may energize and provide the need
for many launches initially, will peter away unless you
provide a destination: the Moon, Mars, or wherever.
I don’t think that something like a Lagrange point
is going to be a particularly interesting destination
because there’s nothing to look at, but we can argue
about that.
So, the point I wanted to make is that we have to be
careful about being too optimistic about things like
space tourism and think of what really would generate the kind of traffic that we need to truly lower the
launch costs. Then, as someone just pointed out, we
will have solved the Earth-to-orbit launch costs. What
about the next step?
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How would you leverage costs and
reliability in your choice of a launch
vehicle for one of your clients from a
developing country?
Abiodun: I fully agree with Adam, and so I’m going
to address a pedestrian subject. For those who are
coming from space-capable countries, they know the
difficulties that countries that are not space-capable
are experiencing in getting into orbit today. Buying a
satellite or designing a satellite is the least part of the
issue. Getting the satellite into orbit is probably one
of the most critical areas that many of them have to
go through.
Therefore, the question I have, particularly for
Christian Sallaberger, is: How would you leverage
costs and reliability in your choice of a launch vehicle
for one of your clients from a developing country?
Sallaberger: The question is: How would I leverage
cost and reliability – or trade it off between costs? Is
your point that some of the lower-cost options are less
reliable as launch vehicles?
Abiodun:

That’s up to you to define.

Sallaberger: I do know that some of the lower-cost
options are less reliable; they are a lower cost because
they’re not yet proven technology or proven systems.
But there are ways to mitigate against those risks,
through insurance policies and things like that, and
that’s typically what’s done.
Abiodun: But then, the insurance would be higher.
Now we are talking about globalization of space
exploration. How does that affect that?
Sallaberger: I’m not sure if this is where you’re
going, but Robert made a point earlier about the
global capacity for insurance being limited. And I
think we had a situation six or seven years ago, or
perhaps even a couple of years before that, where the
global capacity for launch insurance was tapped out,
and people who were trying to commercially launch
satellites could not insure them.
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Have two identical payloads. Ensure
the risk of losing both. Don’t insure
the risk of losing one.
It dramatically changes the
actuarial insurance equation.
Simpson: I think we have just lived an example in the
last week that’s germane to this issue. The Planetary
Society’s solar sail failed on a low-cost launch. The
Russian space agency says that the launcher failed 83
seconds into the flight. If I were going to make a suggestion to developing countries trying to deal with
this reliability-to-orbit issue, I would make the same
suggestion I, at one point, made to some people at
The Planetary Society, and that is: Don’t go with a $4
million project. Duplicate it. Have two identical payloads. Ensure the risk of losing both. Don’t insure the
risk of losing one. It dramatically changes the actuarial insurance equation.
It’s like a two-life life insurance policy. You can get
them on people who are relatively old because the odds
that they’re both going to die soon are much smaller
than that one of them might die soon. In partnership
with other developing countries, you basically decide:
We’re going to put up two identical payloads.
You do have a certain risk that they’re going to
fail to orbit. That risk comes down dramatically with
redundancy. And in that kind of environment, an $8
million project of putting two space sails into orbit
had a dramatically better success with a low-reliability
launcher than it had as a single case. I think that that
kind of approach gets at this internationalism issue. It
gets at a certain kind of mutual self-help issue among
developing countries. It builds some interesting possibilities of cooperation among developing countries,
and it uses reasonably decent actuarial mathematics
to increase the hope of getting a payload to orbit.
Facilitator: I think this is a perfect time to conclude
this session. Thank you all very much.
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Let’s start with definitions of exactly
what it is that we are implying by
technical survivability …
Sesh Velamoor (Facilitator): The final fishbowl of this
workshop is on the issue of technical survivability. Let’s
start with definitions of exactly what it is that we are
implying by technical survivability, not only as it relates
to the travel aspects of going into space, but also once
you are in space, either continuously in orbit, or on a
planet such as Mars or the Moon or whatever. What are
the elements? Is it radiation? Is it lower blood pressure?
Is it heart rate? Is it depression?

object problem, the survival of robots in space versus
the survival of man. Here we would have to look at
the physiological issues and all of the medical issues.
In the last discussion, Professor Rao addressed the
issue of nuclear power sources in space. If you are
using nuclear power for moving man and machine
into space, what are the problems you are creating?
Again, when we get into space itself, and we start
exploring materials in space, how do we handle the
waste, the pollution problems we create in space? Are
we going to have a Bhopal, as in India, in space?
And the last point I want to touch on is the issue
of the unknowns in many of the planets. For example,
if you go back to Africa, 20 years ago, to Lake Nyo
valley in Cameroon, inhabitants of several villages
just couldn’t wake up because there was an escape of
poisonous gas from the Earth, and the air within the
valley was saturated with carbon dioxide. National
Geographic had an article about it. How do we make
sure that we know what we need to know in order to
survive in space?
Finally, what I call the politically driven technologies: In our aspiration to get to space, how fast do we
want to get into space and how much compromise
are we going to make in terms of the reliability of the
machines? What experience are we taking there to
make sure we do survive?
Those are the issues I want us to address.
I would like to make sure that the
topic is broad enough to also consider
… survival on Earth … that will be a
parameter in terms of establishing
our survival in space.

… how do we handle the waste,
the pollution problems we create
in space? Are we going to have a
Bhopal, as in India, in space?
Abiodun: Actually, another definition we need to add
is whether we are talking about survivability of man
and machine. When I reflect on that, we need to talk
about both man and machine as they go into orbit,
for example the space debris impact, the near-Earth

Doetsch: I would like to make sure that the topic
is broad enough to also consider another variable,
which is survival on Earth, because I think that will
be a parameter in terms of establishing our survival in
space. That obviously also addresses the question that
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as we have more and more nuclear sources on Earth
and have to address waste disposal, many of the questions of radiation and radiation protection will have
to be generated whether we’re in space or here.
In space we have to deal with the protection, and
the ideas that were proposed have to do with radiation
and gravity. My own sense is that radiation will be the
critical factor to be dealing with, because any protection system is likely to be very restricting on human
motions and what humans do, so that becomes quite
important.
The third thing that I would like to have considered is that when we talk about humans in space and
we’re talking about a thousand years from now, we
should look at the survival of the evolved human species, to include whatever silicone we have added to
the human at that time or gene manipulation we have
undertaken in the species in the next thousand years,
because it will be the evolved species at which we’ll
look from a survival point of view.
Outer space essentially means that
if you want to have a habitat
established … you must create the
appropriate atmosphere …
Rao: I would really look at the survivability from
three points: Earth, near space, and outer space. Dr.
Doetsch has already talked about nuclear matters
on Earth, but the space-related one, in particular, is
the question: What’s going to happen in terms of the
so-called resurrection of SDI, the “Star Wars”? This
includes the ASAT [antisatellite] weapons, and with
the ABM [anti-ballistic missile] treaty and the START
[Strategic Arms Reduction Talks] treaty having been
not accepted, so you have a problem of nuclear weapons and the ASAT weapons. In fact, there is even talk
of putting mines in space. This is, in my opinion, a
political problem, but, on the other hand, it touches
on the Earth’s survivability.
In the near space, when we talk of debris, now we
have a good understanding of the debris – at least of
the size of something, like about 10 or 20 centimeters – and then one can extrapolate. There were some
recommendations made, but these recommendations are not followed. In fact, some of even the major
powers have not followed these recommendations,
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like ensuring that there is no space debris, reducing
the possibility of molds and other things going out,
changing the orbit, and so on. None of these recommendations was followed. In fact, today we have an
enormous amount of debris, both in the low Earth
orbit, as well as in the geostationary orbit. This could
become a very important thing for the survivability of
a lot of space assets, and therefore space security is in
serious danger.
In terms of near space – of course, it applies to the
outer space – is the question of radiation and particle
radiation particularly. This needs to be addressed, but
nothing much can be done except for the shielding.
Outer space essentially means that if you want to have
a habitat established – obviously you have to ensure
that people can walk freely on Mars – you must create the appropriate atmosphere where you have, for
example, good oxygen and ozone balance, and ensuring that the temperature is right so that humans can
survive for a long period.
You will need to kick the evolutionary process
so that it goes faster than what has happened on the
Earth, but the process will be the same, starting with
the water flowing and then putting in bacteria that
can produce oxygen through photosynthesis. Then
going ahead with the hardy plants, the lichens, and so
forth. The photosynthesis must be able to create excess
oxygen that doesn’t fly off, so that the atmosphere is
created. The whole process needs to be pushed if one
wants to finally end up in Mars terraforming. Basically, the entire survivability depends on changing the
atmosphere.
Coming from the Sun alone, there are
approximately 5 million tons of
solar particulate matter leaving
the Sun per second.

I would like to offer two points, but in the
spirit of trying to squeeze in as much as possible, I
would like to also offer a zeroith point that would
preface those two points. The zeroith point, briefly
stated, comes back to the issue of energy, which was
touched upon in many strong ways in the previous
panel: propulsion, energy, power density, etc. As an
astrophysicist, it’s amazing to me that we do not seem
to be willing to embrace solar energy – as a means of
Chaisson:
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usefully moving around in space, but also to motivate
those back on the Earth to help solve our most crucial
problem on the Earth. The solar energy issue, to me,
is a win-win proposition for those of us who want to
move beyond the Earth, but also for those of us who
want to stay on the Earth, because the energy issue is
at the heart of the issue. And it helps both agendas.
So, that’s the zeroith comment.
The first comment I would make would be easy for
you to accept. The second comment will be appalling. The first comment concerns, again, the radiation
hazard. Since Larry [Young] is not here, I’ll just
expand upon that a little bit, in that we’re not talking about electromagnetic radiation necessarily, such
as ultraviolet from the Sun. We’re talking about particulate matter. Coming from the Sun alone, there are
approximately 5 million tons of solar particulate matter leaving the Sun per second. That’s in the form of
mostly protons, neutrons, helium nuclei – fast-moving stuff. You can say, “How can that possibly be the
case? The Sun would quickly evaporate.” You can go
through the math and show that over 5 billion years
it doesn’t affect the Sun, as a star, at all. But that’s a lot
of material coming out of the Sun, and that’s coming
out at the normal rate, not during the active phases of
prominences of flares.
But the Sun also is a generator at the core of
gamma rays. Fortunately, the Sun’s convective zone,
deep down inside, filters out those gamma rays. What
gets out, after a million years of random walking,
photon by photon, is the sunlight, and we love it. But
if we also begin to produce machines – matter/antimatter annihilators – that produce gamma rays in
space, locally in the solar system, we’re going to have
an additional radiation issue.
And then there is the natural stuff that’s already
out there, because it came from somewhere else,
that’s just hanging around in our interplanetary and
nearby interstellar domain, called dust. There’s quite
a bit of it out there. It’s spread out thinly but you may
be amazed. If you took a typical parcel of interstellar
space and compressed that parcel to the density in this
room, there would be so much dust in that one parcel,
Karl and I [approximately six feet away] wouldn’t be
able to see each other. Pound for pound, there’s a huge
amount of dust in interstellar space. The Earth, by
contrast, pound for pound is a relatively clean place.
Fortunately, it’s spread out, but it’s out there and it’s

going to affect all of our operations.
So, the radiation hardening issue – to expand upon
things that have been talked about before – will be a
major issue. And it’s an issue not only for humans; it’s
an issue for machines.
That leads to my second issue, the military issue.
Jim [Zimmerman] raised the military issue in the first
panel this morning, but I don’t think it got onto the
table then, so I’m going to put it onto the table. The
military will be out there. There’s no way around it.
I think that it’s inevitable. That means, I think, that
weaponization of space is inevitable, as well. So, how
can we utilize the military presence or the military
driver into space positively?
Well, my own experience with Hubble Space Telescope suggests that many of the issues, many of the
problems that we had directly with Hubble had been
earlier experienced by the military, whether it be panels or mirrors, etc. – we can go on and on about the
issues we had, including lack of radiation hardening
of our machines on Hubble. All of those issues had
been prior solved. In fact, I would make the claim that
today, as then when we launched Hubble in 1990, the
military space program, at least in this country, is four
to six years ahead of the civilian space program and is
likely to remain four to six years ahead of the civilian
space program, I think, to be honest about it.
… the social, authoritarian system that is represented
by the military may be in the early years what’s needed,
even for small-scale, entrepreneurial ventures
that will need some sort of strong, authoritative
structure to survive.

So, rather than having our hubris piqued and ignore
the issue, or to say that we can do just as well or we
can do better, I would like to just put on the table the
notion that we might actually benefit in some positive
way from working with the military, learning how to
maneuver in space from what they have done, etc.
In fact, not only might some of the technical issues
that we will be confronted with be better solved at
any one time because the military has had a chance at
it already, but the social, authoritarian system that is
represented by the military may be in the early years
what’s needed, even for small-scale, entrepreneurial
ventures that will need some sort of strong, authoritative structure to survive.
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The bottom line, it seems to me, is that if we cannot
solve the technical problems for human space flight,
then we will at least know that it is the machines that
are going, the machines that will do it, and that they,
the machines, will likely be now the next great evolutionary leap forward.

… what we have to be sure of during
the next thousand years is that we
manage technology very carefully.
Bruckner: Our humanity’s civilization has reached
a point, of course, where we hold our own destiny
in our hands, to a large extent, and we get into the
issues that have been written about for some time, as
to the question: What is the survivability or lifetime
of a technical civilization? Even if you remove nuclear
energy and the potential for destruction that way, we
can very easily destroy ourselves by events such as
Bhopal and destroying the environment, and so forth.
So, in all of this technical survivability, what we have
to be sure of during the next thousand years is that we
manage technology very carefully.
The social management of technology is kind of
a politically correct thing to say. Various universities
even have departments that deal with this problem. I
think that this is going to be ever more important and
that technology will have to be carefully managed to
the common good.

… we will reach the point where our machines,
and rather intelligent machines at that,
will become more reliable than
the humans that travel in them.

As far as more mundane technical issues, we are getting better and better at building increasingly reliable
machines in technology. Very good examples are the
two rovers currently operating on Mars, which have
far exceeded their original mission lifetimes. I think
we’ll be getting even better at this as time goes on, and
eventually – if not sooner, then later – we will reach
the point where our machines, and rather intelligent
machines at that, will become more reliable than the
humans that travel in them.
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We will have to make sure that we are able to
send into space robust humans. So far we have done
a pretty good job. I don’t know of any cases aboard
the space station or the long-duration flights that the
Russians did on Mir where there was a true medical
emergency, but that’s because these individuals were
very carefully selected. Initially we will very carefully
select the individuals who go out and blaze trails on
the Moon and on Mars. But ultimately, when the
average person on the street is going to start making
space flights, that’s when we’re going to have to have
an infrastructure available at all destinations and in
the transportation system to be able to deal with the
frailties, physical and mental, of the humans who are
going to make these voyages. So, I think that’s going to
be a key issue: basically the survivability of the human
and not just protection from radiation, which I agree
is probably the most important hazard out there, not
to speak of unpleasantnesses that one meets with the
conditions on the Moon or on Mars where radiation
is still an issue.
A couple of quick comments about solar energy: I
agree that solar energy is underutilized, but one of the
problems with solar energy is that it’s not free. It costs
money to utilize solar energy. On a per kilowatt-hour
basis, it’s still more expensive than fossil fuels. In the
environment of space between the Sun and roughly
the orbit of Mars, solar energy does make sense. We
have certainly used it judiciously. The Mars rovers
have been good examples. Many, many satellites in
Earth orbit have used it. But when you have to start
generating very large amounts of power, megawatts
of power, then you begin to suffer from the problem
of how diffuse the solar energy is and how rapidly it
diminishes as you go out from the Sun, with the 1/R2
problem.
I can’t help but remember a lawsuit, about 15 years
ago, that was filed against the launch of the Galileo,
where a well-known physicist from New York University, Michio Kaku, stated that we should use solar
energy at Jupiter and at Saturn, where the solar energy
flux is down by an enormous amount, a factor of 25
and 100, respectively. It doesn’t make much sense, but
I think that judiciously used, solar energy can be a
great help to our move out into space.
The final comment I would like to make is about
the military. I agree that the military is certainly
ahead of us civilians in their use of space. They have
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the cutting edge of technology. The problem with
the military is that no matter how much we befriend
them, they will be very loath to share this technology with us. I don’t know how we’ll get over that. The
GPS system was originally conceived as basically a
military system, and the military still gets much more
accurate fixes from GPS than civilians do, although
for me, it’s good enough to have what I have now. So
the question will be: What will be good enough for
space exploration and where does better become the
enemy of good enough?
Abiodun: Regarding militarization of outer space,
since we all agree that the military is ahead of us,
and since we all agree that we are trying to solve the
problems that they have already solved or are solving,
now, while I do agree that it’s difficult at the present
moment to establish a modus operandi with the military, are there proposals on the table that can address
this on a long-term basis?

… using the technology flowdown is
appropriate, but I don’t think that we
should use the military as the vehicle
for enabling exploration … that would
be a rather restrictive path …

I am not going to answer your question,
but I will pick up on the military theme a little bit. If
you look at the space expenditures that are made in
the world today, about 75 percent of them come out
of the USA. Just about half of those expenditures are
military expenditures. One of the problems of saying,
“Let the military be the driver for what we’re talking
about,” is that it’s a single nation, essentially, that has
a dominant role in military space expenditures. And
if we are talking about humanity beginning to move
out and explore, we need to have a broader coalition
and a broader driver than the military power of one
nation. Of course, as other nations become involved
in military activity in space, its purpose is to provide
protection against other nations – it is to give an
advantage. This is what the military is about. Space
technology developed for military purposes will thus
not be shared without significant restrictions.
So, this aspect of using the technology flowdown
is appropriate, but I don’t think that we should use
the military as the vehicle for enabling exploration. I
Doetsch:

think that that would be a rather restrictive path for
what we have been speaking about in the last two or
three days. So, it’s a necessary part of the evolution of
space activity, but it should not be the exclusive route
to what we have been speaking about.
Rao: No, I don’t think we have been talking about the
militarization of technology. It’s not even clear, when
it is all said and done, whether today the military is
really that far ahead. In fact, if you look at DARPA
[Defense Advanced Research Projects Agency], for
the first time they have said that they must use the
civilian technology so that they can improve their
own capabilities.
The point is not about militarization of technology as much as the fact that space security is being
threatened because of this ASAT competition. Certainly two nations, USA and Russia, are involved in
this. They have already built up a large number of
ASAT weapons, and there are others who are following it. This is the problem. I am not getting into the
merits or demerits of the military strategy, but the
effect on the civilian space activity is something that
one needs to worry about. This has been discussed
very extensively in Pugwash and Ethics of Space and
many other committees in which I have been partly
involved. People have come out with suggestions on
what needs to be done, but that takes us far beyond
this particular meeting.
One thing that we have missed in this issue of
survivability is the meteorite impact. That is quite significant, and we know that that is significant. We have
enough experimental evidence to show that. In fact,
the International Space Station carries a large number of different types of shields particularly to at least
minimize meteorite impact. This is, again, another
security issue when you’re talking about large-scale
utilization of space. We don’t have a solution except
for shields.
Facilitator: Are there any questions to be raised
between members of the panel, or are we done insofar
as outlining the subject?

The subject has been outlined, and we have
gone deeper than that. I would like to make one more
comment before we turn the discussion over to the
sharks [participants not in the fishbowl].
Doetsch:

Chaisson:

Humanity 3000 “Humans and Space: The Next Thousand Years” Proceedings

I am surprised that no one on the panel has
251

Section 4.5.3 | Transcripts
Fishbowl 3
Technical Survivability

attacked what I said, and I am surprised that no one
has stood up from the back and demanded an apology
that I placed the militarization issue on the table.
We need to send out our robots to
better define the environment that we
should be operating in, and to monitor
the environment we’re in …
Doetsch: Part of the human evolution into space and
its protection requires measurements to know when
dangers are there. Right now we have a measurement
system around Earth that is also trying to measure
different things: climatic changes, pollutions, environmental issues. I think that as we move forward into
space, this is where the symbiosis between robotics
and humans becomes so important. We need to send
out our robots to better define the environment that
we should be operating in, and to monitor the environment we’re in, so that we can increase the safety and the
survival of the species once we go out there.
I would say that a wonderful training ground for
our robots is to fully use the capacities of space to
measure all the dangers to our survival on Earth, some
of which will be transferable to our survival in space.

We do have currently a couple of measurement systems in place concerning some of the
radiation threats and meteorite threats we’ve been
talking about, and, ironically, they’re both military
driven. The Air Force studies the Sun more than
anybody else. They’re studying it for communication blackout, etc., but they’re the biggest customer
in terms of studying the Sun and the particles that
are leaving the Sun due to solar flares. And the Air
Force and other military intelligence communities
are leading the way – correct me if I’m wrong, JPL
– with regard to Apollo asteroid crossing events and
the inventorying of meteorites and asteroids that may
be a threat to us.
There again I put on the table that, at least currently, for better or worse, whether you like it or not,
the military does seem to be out in front just a little
bit of the civilian space agencies, and I think that that
will be the trend for the foreseeable future.
Chaisson:

outside the fishbowl.
Berry: A quick question for Dr. Chaisson: Does the
military in America publish technical journals that
might, perhaps unwittingly, revealed useful information?

There’s certainly a strong publication program on the dark side. I know a number of colleagues
who have two CVs. One CV lists the public domain
publications, and their larger CV lists publications
that are not readily available in the public domain.
But that literature does exist – absolutely.
The other point I would like to make is that I don’t
think necessarily that the military is as loath as you
might think. In fact, in the case of Hubble, I believe
still that if NASA’s hubris had not been piqued at the
time, and if NASA, on behalf of Hubble, had simply
asked the intelligence community for help, then that
help would have been granted up to a limit. Indeed,
there are aspects of technological assets that are still
classified on Hubble that did come across; when the
civilian people asked for help, the help was given. So, I
don’t think the military is as loath as you might think
to sharing. Many of the things we have in astronomy –
currently, adaptive optics, infrared astronomy – all of
which was pioneered by the military and came across
in a declassified way, more or less, when pushed or
asked.
Chaisson:

Bruckner: The information from the military does
trickle down eventually. It’s just that it’s not instant.
It’s not necessarily available when you want it, partly
because you don’t know that it’s available. But everything that we have seen developed during and since
World War II has ultimately made it into the civilian sector with various lengths of delay. One current
example that I think about a lot, not in the space
arena, is Boeing’s new 787 composite aircraft. The
military has considerable experience flying composite airplanes, and I’m hoping very much that some of
that knowledge is going to be transferred to Boeing,
by some means or other, so that the company can
benefit from the experience and not make costly or
tragic mistakes.

Facilitator: Okay. At this point we’ll turn the discussion over to comments and questions from those

252

Humanity 3000 “Humans and Space: The Next Thousand Years” Proceedings

Transcripts | Section 4.5.3
Fishbowl 3
Technical Survivability

It’s not going to do us any good to
colonize the Moon or Mars and
find out that reduced gravity fields
do weird things to our bones …
Frisbee: In terms of survivability of our machines, we
could build machines that are pretty idiot-proof, but
don’t forget that there are some very clever idiots. All
you have to do is look at the stories about people using
computers. That still doesn’t get around the question
of willful, intentional sabotage, whether it’s the angry
teenager or fundamentalists of whatever flavor.
A second issue is one of my pet peeves, and that’s
the fact that we still don’t know what the minimum
gravity field is that is required for long-term human
survival – and I mean tens to hundreds of thousands
of years. It’s not going to do us any good to colonize
the Moon or Mars and find out that reduced gravity
fields do weird things to our bones, or whatever.
The third thing is: We have tended to focus on
survival of the individual human. It might be worth
considering survival of our human culture. What does
that imply? Being in space, being in a radically different environment, may cause cultural/social pressures
that we can’t foresee. A very simple example might be
something as simple as marriage. Because of radiation and the effects on germ cells, maybe polygamy
or polyandry might become the norm rather than
monogamy. Right now we may not be able to predict
that.

… we do need to keep our eye on issues
where the two sets of motivations
are in direct conflict.
Simpson: One of the thoughts that emerge on the
question of what I think is inevitable – cooperation
or at least partial symbiosis with military activities in
space – is that although there may be 80 percent of
the technologies that really overlap and maybe even,
to some extent, 80 percent of the motivations that
overlap because they are closer to the pure science or
closer to the survivability issues, we do need to keep
our eye on issues where the two sets of motivations

are in direct conflict.
One of those is being presented right now, but I
think it’s a fairly good example. As part of the antisatellite program, the military in the United States is
at least expressing a great deal of interest in having
available technologies that could deny to a satellite
the possibility of interfering with something in the
interests of the United States. That, in and of itself, is a
scary thought for some of us but it’s probably an inevitable thought. They’re going to do this. The problem
is that at the current time they’re not talking about
doing it only in the laboratory; they’re talking about a
test of a kinetic anti-satellite weapon. Now, the notion
of a kinetic weapon means that they don’t have to
violate any nuclear weapon treaties, but they end up
with an impact that has every bit the impact of a onekiloton explosion by engineering a collision between
a satellite and a kinetic weapon. The problem is: We’ve
talked about debris, and this almost certainly generates about 10,000 bits of debris in an orbit that was
interesting enough to have put a satellite in it.
While I can certainly accept the idea that there is
going to be an area of symbiosis, I think all of us need
to remember that there are going to be issues that
we’re going to have to act on quickly to argue that a
larger interest of the space community – such as, don’t
fill up an orbital slot with debris – will bring us into
occasional conflict with people whose motives are
somewhat different from exploration or pure science.
Chaisson: Just a quick response, and an actual example: In the 1960s the Air Force wanted to put into
orbit a huge number of small needles, millions and
millions of needles, from which they would reflect
radiation for communication purposes. The civilian
astronomers found out about it and protested vigorously. It was never done.

… I could imagine a culture (a very wise one) switching
all its military R&D over to the civilian sector …

Frisbee: In terms of militarization versus civilian
activities, one thing I have seen at NASA and at JPL
is that because we are not military, we are able to
tap into a lot of international expertise, because we
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don’t have the deep, dark “secret classification” onus.
Ironically, I could imagine a culture (a very wise one)
switching all its military R&D over to the civilian sector, so that if push ever came to shove and there was
a need to militarize, there would then be a pool of
highly trained individuals who could be applied to
military problems. Now, that’s the ideal world.
The reality we faced very recently – again, because
of ITAR [International Traffic in Arms Regulations]
problems – is that a lot of our very good people have
had to leave the very technical R&D areas and go into
other areas that aren’t so sensitive from a technologytransfer point of view.
Facilitator: Thank you very much. At this time I
would like to allot about five minutes to those observers who might want to interact with the group. Who
wants to go first?

Throw away our old assumptions, because it’s only the
implementation of new ways of doing business and new
assumptions that will ever get us to the next level.
Debra Facktor Lepore (Observer): I’ve really enjoyed
the three days of conversations and exchange, and
have some observations that I’ll offer. This morning
summarized a lot of the thinking and certainly reflects
the more comfortable environment that we have after
getting to know one another a little bit more the last
few days.
The first observation, regarding the social and
political discussion, is that it reflected the respectful
but yet engaged dialogue and relationship that have
developed over the past few days. On the other hand,
it was a little bit banal and almost predictable. One
of the comments that came out of it was that we are
reflective of the conservatism in our industry. That’s
a bit ironic because we are really on the cutting edge
of everything. Going to outer space and exploring is
really cutting edge, so how is it that our industry has
become so limited and restricted in its thinking that
we can’t do things because there are all these artificial
barriers out there?
I would propose that, with a few exceptions, the
group discussing today is quite similar: We have similar gender; we have similar age; and we have similar
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levels of high education. For a future workshop, it
would be quite interesting to diversify a bit more:
add some more women and add some more younger
people, because I think we’ll find that the perspective
is not so limited by things that we know or think we
know that we are limited by. I would propose that that
would really change our thinking.
That leads to my second observation. It really is
about how we change our way of thinking and the
assumptions, the way we do business today and why
we do it today. To really get to outer space and exploration, we cannot base our future assumptions on
today’s assumptions. It’s very easy to say, “Well, we
have this kind of launch vehicle or that, because that’s
the only thing that we know today.” If we base our
future assumptions on only what we know today, we’ll
never get there. I’ll use the example of reusable launch
vehicles that was a little bit touched on: really having
revolutionary technology, the reusability, the ability
to bring things back from space, having true launch
on demand. This is not going to be enabled by developing a cheaper Scud missile to orbit. Think about the
issue of orbital debris, which came up later. If we’re
just dumping small ELVs into the sea or into orbit,
think about all those things we can go up there and
crash into and all the precious materials that we’re
going to be throwing away because we’re limited on
space.
So, really revolutionizing our way of thinking
– how do we do that? That comes to my third observation, which is the role of government. How can
we stimulate an environment that enables this kind
of thinking? Changing the contracting, changing the
regulatory, the intellectual property, the incentives
for investments. If we look historically, and I’ll take
an example from the United States, where the government played a very small role in stimulating what
became a tremendous commercial environment. This
was the Kelly Air Mail Act of 1925. We used to deliver
postal mail by Pony Express. Horses took mail across
the country. Well, then we had some investments from
World War I into some aircraft, so now we had some
planes and the government said, “I’ll give five small
contracts to five companies – five airplanes, literally.
Can you fly the mail faster across the country?” That
activity led to a commercial airline industry. United
Airlines, American Airlines, and TWA came out of
those five small stimulated contracts.
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Now, what happened there? You were flying cargo.
Eventually people took rides with the cargo. And
places like Park City, Utah, which is a very famous
ski resort, famous for Hollywood types in the United
States, was enabled because now there was a destination. People just flew along the way. One guy lived
out there who needed mail, and pretty soon you had
something stimulated.
For a second example, take the interstate highway
system. It was developed, really, to facilitate transport
of military things across the country. What happens
along the way? You need to rest. You need to sleep.
You need to eat. That creates an industry of hotels,
of restaurants, of all the supporting businesses – dry
cleaners, gas stations – that come along the way. These
were very simple investments.
That leads to my fourth observation: that our
outside-the-box thinking ironically came from the
military. That interstate highway example was, again,
a military investment. The composite materials came
up as an example of military investment. Not only is
the Boeing 787 taking advantage of composite structures, our vehicle, the K-1, is a composite structure
that is coming out of the B-2 bomber program: large
scale, lightweight, high-performance materials that
were available as a result of the end of the Cold War
and are now available on a commercial basis.
Take the innovative technologies that we have
today – wherever they came from, they can lead us to
our next journey. But, again, how do we harness that
positively, proactively, cooperatively, and for a meaningful purpose, thinking of the artificial barriers:
technology transfer, ITAR, the export issues, some
of our political issues with developing countries and
where that technology is going, friend or foe. Friends
today may be foes tomorrow. Foes yesterday are now
our competitors or our cooperating partners. And
then we have this whole commercial market.
I think that summarized just a little twist that I
would pose into the group for our next thinking – that
we can’t predict the next thousand years, but we do
have a way to influence tomorrow and the next couple
of years in really thinking outside of the box. Throw
away our old assumptions, because it’s only the implementation of new ways of doing business and new
assumptions that will ever get us to the next level.
Facilitator:

Anyone else?

It’s amazing to me that we have the audacity to look for
life in the universe and we treat it so bad here … that, to
me, is the great paradox of the universe.
Leonard David (Observer): As a reporter, I have the
enviable task of agreeing with everybody here. But
just some general views: The next thousand years – I
always wonder whether we’ll call them years. The true
dark ages of enlightenment, as we plunge deeper into
the cosmos – what is that really going to turn out to
be? How do we scale that?
There were very few things that didn’t get touched
upon, but I would say that the one thing that I am
intrigued by is: Where is our planet going as a planet?
I’m always skeptical about the people that give us X
billions of years on our own Sun. I always feel that
somehow Hubble is going to find out that some of
these class stars are actually blowing up and we may
be sitting next to a time bomb. I have no evidence for
that, but anyway….
Asteroid or comet impacts, global climate change
– how much of a nomadic civilization are we really
going to be if the Earth is out of control? I’m personally convinced that in the “Star Wars” bar scene, they
were all physicists in there, turned alcoholics trying
to defend their doctorates of why they thought their
physics principles went awry. So, I do not think we’ve
got some real exciting times ahead. I have lost it totally
trying to understand string theory and this is way
beyond what I can understand, so everything seems
to be in a cocked hat to me, and that’s great. One of
the best things that I like to write about is when I write
something that says: “Scientists baffled.” I love that
because it humbles the whole scientific process for the
public; it engages more people to realize that they are
part of a great adventure; they’re not getting the tablets
brought down from the scientific community.
Maybe a last point: I do wonder at times, looking at
our own species: Do we have the right or deserve the
right to survive? That sounds pretty cruel. It’s amazing to me that we have the audacity to look for life in
the universe and we treat it so bad here. I don’t know
how that’s ever going to play out, but that, to me, is the
great paradox of the universe.
I’ve seen a lot of things; I have no idea anymore
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what amazing means or breakthrough. I’ve seen so
many things that I can’t scale it anymore, but I would
say that the most fun I’ve had the last couple of years
of covering events was the SpaceShip One with Bert
Rutan and getting a chance to talk to a kind of an innovator. That man’s eyes dance when you talk to him.
He’s something else. There’s a bunch of those people
out there, and I think they will make a big difference
in how we perceive space and access to space.
This last go-round on low-cost launch – I love that
issue, except nobody ever talks about what’s in the
front end of the low-cost launch. What are we desperately trying to get up there at cheaper rates? I envision
somehow a giant rubber band. What’s in that rubber
band being pulled back to let that thing go? I’m not
sure yet what we’re really talking about.
It’s been a tremendous couple of days. I appreciate
the opportunity to be here.
Facilitator:

A last comment from observers?

Randy  Johnson (Observer): I really appreciated the
thought about whether we deserve to be out in space
since we treat life so badly here, and also quality of
life is an issue that I’ve heard mentioned. Survivability
is not enough. Adam Smith, the economist, observed
that, even back in his time, a man didn’t feel human if
he didn’t have a pair of leather shoes and a linen shirt.
So, survivability is perhaps not good enough.
The other thing to think about, and it’s been
brought up, is: Are we talking about interjecting
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human culture into space, human bodies into space,
human intelligence into space? One way of thinking
out of the box is thinking inside the box. Instead of
sending out human bodies, at least in some missions,
develop brains that fit in the box so that you don’t have
to support skeletal structures and respiratory systems
and things like that. It also might be the option to deal
with some of these problems that William Calvin has
mentioned here about the ability for human bodies
and brains to be fail-safe. If we subject them to great
tedium and boredom, from eons on the spacecraft,
they’re going to fail, most likely.
Another thing along those lines is being able to
turn a mind off into some sort of suspended hibernation, and then maybe be able to activate it like we
activate a voice recorder when it’s needed. So, we
send out information. Instead of having a geologist
on a spaceship and a medical doctor and psychiatrist,
etc., we send back information for teleanalysis, telediagnostics – but it takes a long time to do that if the
spaceship is a long ways from base. So, you turn off
the mind until the information has been analyzed and
sent back.
It’s been a great couple of days, and I’ve heard a lot
of really interesting things here. You have an exciting
field to work in.
Thank you. This will conclude the final
fishbowl discussion.
Facilitator:
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Plenary

sustainable world and the instinctive desire to explore
and to exploit.
Those of us who are here have a
unique responsibility of taking what
we learned or heard … see how
we can use it to impact
what is actually going on …

Any participant who wishes to make
a closing statement is now
welcome to do so.

At this time we will
invite closing statements. These are optional. Any
participant who wishes to make a closing statement is
now welcome to do so. These closing statements can
be on any aspect, any reaction, any advice, critique,
thought, whatever.
Sesh  Velamoor  (Facilitator):

Rao: For the last two and a half days, we have had a
very nice time here, talking from black holes to wormholes, terraforming in the Earth and, in fact, damaging
the Earth’s terraforming, and starting new ones on
Mars, and so on. It’s been a very exciting time and I’m
particularly grateful to the Foundation for inviting us
here. I call it a good brainstorming of crackpots – or
dreamers, whatever you call it. It’s been very nice, and I
want to thank the Foundation for that.

Abiodun: For me, this particular workshop has been
very unique. It’s brought the subject full course: the
role of space science and technology in understanding
our Earth better. If we are going to make a meaningful
sense in future exploration, then we need to look at
what we are doing here on Earth.
Those of us who are here have a unique responsibility of taking what we learned or heard from the
speakers, in particular, who really made a significant
contribution to our deliberation. We need to take it
out and see how we can use it to impact what is actually going on in the outside world.
Finally, I wish to thank the Foundation for making
this possible, not only for me but for the rest of us.
I thank you a lot for stimulating all the intellectual
debate we went through.

… I believe humans will be in space
in significant numbers in a thousand
years, because it’s part of the
evolution of the human species.
Doetsch: I, too, would like to thank the Foundation
For the Future for being here, and, hopefully, for being
here for a long time into the future.
I would like to say also that I believe humans will
be in space in significant numbers in a thousand
years, because it’s part of the evolution of the human
species. I think humans will be significantly driven
forward by that. It will be enabled by the quest for a

My own feeling about the next
thousand years is a mixture of
optimism and foreboding.
Bruckner: I would also like to express my thanks to
the Foundation, to Sesh, to Bob, and to Walter and all
their able staff for making this a wonderful experience.
And I would also like to thank all of the participants
for sharing their thoughts and for engaging in such
enlightening discussions.
My own feeling about the next thousand years is a
mixture of optimism and foreboding. I’m basically an
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optimist and I think that we will achieve some wonderful things. I only wish that we could all come back
in a thousand years and see what has been accomplished and then have another workshop to ask: What
did we get right and what didn’t we get right?
On the other hand, the course of human history
also gives rise for concern, because humans have an
incredible predilection for repeating past mistakes.
We thought that we could learn from the 20th century, with its horrors and marvels, and avoid some of
the horrors, but I’m not so sure we’ll be able to do that
because we are human beings and we have fundamentally not changed from the days of Homo sapiens’
emergence. So, we’ll see.
The next thousand years will be fascinating from
whatever point of view. Let’s hope that it does achieve
what we would all like it to achieve.
… the goals and objectives of
humankind over the next thousand
years should be to utilize the power of
the Sun efficiently and ethically …
Chaisson: In one sentence, the goals and objectives of
humankind over the next thousand years should be to
utilize the power of the Sun efficiently and ethically,
to disperse our species to as many new pieces of real
estate as possible, and to embrace the symbiosis with
machinery.
Calvin: I remember a similar situation, at a Foundation meeting like this, where the topic was, I think,
living a thousand years. I remember replying to the
effect that I could imagine hobbling around the neighborhood on my artificial knees and artificial hips, and
so forth, but in fact I was feeling very lonely because,
knowing the statistics about how people become
more conservative with age, I was surrounded by all
these people who had turned into conservatives. This
was the loneliness of the last liberal.
I’m a little bit worried about the space version
turning into this because of basically small, very conservative, probably authoritarian habitats that we will
be creating. I think that there are ways around this,
but the natural tendency is to end up with something
like that if you don’t really work at it.

258

The people who go beyond this planet
for long periods of time will be of us
but they will be very different from us.
Simpson: This has been a phenomenal experience, a
wonderful exchange of ideas. I’m utterly convinced
that in the next thousand years humankind will have
dispersed itself to a lot of different kinds of real estate.
I would be willing to share some of that with everybody in this room. I think that’s already a sign of
success and of the quality of the Foundation’s effort.
I will say that the real challenge is one that I would
have loved to have discussed and we just couldn’t
quite get to, and that is: I think that the fruit of our
seed will, for a long period of time, be separated from
their home planet, and will come back to a point of
contact in this next thousand years where we will
both be startled by how differently we’ve evolved. And
in that moment there will be an incredible opportunity for substantial change, and it will be one of those
moments in human history where we will have to
manage conflict very carefully. The people who go
beyond this planet for long periods of time will be of
us but they will be very different from us. And that, I
think, would be the really exciting thing to come back
in a thousand years to see.
Frisbee: As something of a technology advocate and
technology optimist, I would say that it may not be
our technology that fails us, that causes the problem.
It may be our politics, our economics that fail us in
trying to move out into space.
Another thing, too: When he was president, John
Kennedy had some State dinner with all these dignitaries and very wise old and not so old men and
women. As a toast at the dinner, he said, “Here I am,
surrounded by the most incredible assembly of brainpower we’ve ever seen in this room since Thomas
Jefferson had dinner alone.” So, I’m looking forward
to this remarkable assembly of brainpower for lunch.
I would like to finish with a little bit of an
inspirational quote. As you know, I’m a rabid, foaming-at-the-mouth science fiction fan. There’s a really
old, really bad British science fiction movie from
the ’30s called Things to Come. It’s one of these very
Art Deco, looking-to-the-future type movies. At the
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end of it, one of the lead characters asks many of
the questions we’re asking now, and his friend is the
counterpoint argument. They’re sending people into
space, and his friend is saying, “What is the sanity of
this? It’s madness to send our frail little bodies into
the void.” And the wise old statesman looks at him
and says, “So, what is the choice? The choice really
is to have it all or to have nothing at all.” To have, in
our context, the Moon, Mars, the solar system, the
galaxy, and beyond, or to have nothing at all. So, ask
yourselves that question: Do we want to have it all or
nothing at all?
Berenguer: I would like to thank the Foundation on
behalf of UNESCO for inviting us to this wonderful workshop. I’m afraid it was more like a one-way
workshop because I learned a lot on space exploration,
being not really a hard scientist. My participation and
my interaction with eminent scientists here have given
me a lot of knowledge. I’m coordinating the space education program, so I’m contributing to it as well by
preparing the next generation of space work force.
I would like to personally commend the efforts of
Walter Kistler for his philanthropic efforts to put this
forward. Thank you very much, and I hope that one
day somebody else will continue your good work. I
thank the staff of the Foundation – Bob Citron and
Sesh, who has ably led the workshop throughout these
three days, as well as the other members of the staff.
As for the format, I think this was a very interesting
format, the fishbowl, with a small group of intellectuals talking and then more intellectuals trying to
keep their mouths shut until time. Maybe next time
there should be more civic-minded people involved
in here, as well as a younger group, so there would be
really a difference of opinion, and I think this would
contribute to a more lively discussion – although this
one was a very lively one, but too highfaluting.

Humanity will be driven to go into
space for economic reasons, but
the second, and perhaps more
fundamental, reason is
the desire to explore.

I would like to echo the thanks that
have already been expressed by the colleagues and
friends in the room to the Foundation for its work in
Sallaberger:

setting up this workshop, which has been very interesting. But perhaps even to thank the Foundation
at one level above that for choosing this topic in the
context of humanity and the next thousand years, to
choose space as one of the subjects to be addressed.
I personally feel that humanity’s future, the next
thousand years and beyond, will involve space. I think
we will, in a thousand years, see humanity in space
beyond the Earth. I think it will be driven by two
factors, the first being economic, and we’ve touched
on that a lot over the last few days. Humanity will be
driven to go into space for economic reasons, but the
second, and perhaps more fundamental, reason is the
desire to explore. Humanity’s quest for knowledge,
the need to look what’s beyond – that’s going to be
what drives and inspires humanity in the future as we
move out into space. Thank you.
Schieb: I just want to say a big thank you to the Foundation for inviting someone who does not belong to
the space community. Thank you.
Berry: Yes, thank you very much, indeed. I really
enjoyed it very much and I’m grateful to have been
invited. I don’t agree that it was too highfaluting.
There’s nothing wrong with being highly technical; I
wish it had been even more so. Thank you.

Since it’s time to express thanks, I would
like to personally thank each and every one of you for
coming, and I hope our paths will cross again in the
future – maybe in space.
At this time I would like to acknowledge our staff.
They do a remarkable job behind the scenes to make
everything seamless and efficient and hospitable. Of
course, none of this would be possible without Walter.
Walter, would you like to close the proceedings?
Facilitator:

… a thousand years from now it is
most likely that activity in space and
on the Moon and traveling to other
places will play a very important role.
Kistler: Yes, I may say a few words. The United States

is a very rich country, as everybody knows, and it’s
amazing how much money is spent: $200–300 billion,
I understand, for lawsuits and their court activities, which in great number are just plain frivolous;
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another $200–300 billion donated by rich Americans
and others for charitable purposes, which certainly
are mostly very good, but still, it’s kind of a soft activity with soft results.
A thousand years from now, I’m sure all this will be
forgotten. What will still be here and play an important role – very likely, I can say – is the space activity,
because a thousand years from now it is most likely
that activity in space and on the Moon and traveling
to other places will play a very important role.
Space is just one of the important things in the
long-range future of humanity. Our Foundation,
of course, is interested in the long-range future, a
thousand years and more. The Foundation is very
interested in informing people and making them
aware of important matters. That’s its purpose. I
hope you people, who are all interested in space, will
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do what you can to make the public more aware of
space and more aware of how important this will be
for the long-range future. We want to make sure that
the world we leave for the grandchildren and great
grandchildren is a positive world.

These were very positive, very interesting meetings
we had, and I thank you all for coming and
making it possible.

I thank you very much for coming and helping us
achieve the things we try to achieve in this Foundation. These were very positive, very interesting
meetings we had, and I thank you all for coming and
making it possible.
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Workshop Agenda
June 23, 2005
Foundation Building, Bellevue, WA

• Cocktail Reception
Daniel’s Broiler, Bellevue, WA

• Dinner
• Keynote speech
“Will We Leave Earth for Permanent Space
Colonies?”
— Dr. Peter D. Ward

June 24, 2005
Hyatt Hotel, Bellevue, WA

• Welcome
— Walter Kistler, President
• Opening Remarks
— Bob Citron, Executive Director
• Workshop Objectives
— Sesh Velamoor, Deputy Director, Programs
• Video: Cosmic Origins: From the Big Bang
to Humanity
• Self-introductions by participants
• Presentation with Q&A:
“Miners of the Sky”
— Adrian Berry
• Luncheon Speech with Q&A:
“India’s Space Program”
— Dr. Krishnaswamy Kasturirangan

• Presentation with Q&A:
“Space Technology and Environmental/Social
Challenges for AD 3000”
— Dr. Karl Doetsch
• Three preassigned groups meet separately to
discuss topics of presentations
• Plenary session: Presentations of results from
small-group dialogues, plus Q&A

June 25, 2005
Hyatt Hotel, Bellevue, WA

• Presentation with Q&A:
“Why Mars?”
— Dr. Laurence R. Young
• Presentation with Q&A:
“Advanced Propulsion Systems”
— Dr. Robert Frisbee
• Two preassigned groups meet separately to
discuss topics of two presentations
• Plenary session: Presentations of results from
small-group dialogues, plus Q&A
• Three differently composed, preassigned groups
meet separately to discuss the most critical space
issues for the next thousand years
• Plenary session: Presentations of results from
small-group dialogues on the most critical space
issues for the next thousand years
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June 26, 2005
Hyatt Hotel, Bellevue, WA

• First fishbowl dialogue group, followed by
large-group discussion
• Second fishbowl dialogue group, followed by
large-group discussion
• Third fishbowl dialogue group, followed by
large-group discussion
• Concluding statements from participants
• Closing Remarks
— Sesh Velamoor
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Adigun Ade Abiodun
Adigun Ade Abiodun, Ph.D., was
employed by the United Nations,
Outer Space Affairs Division
(OSAD), New York (now Office for
Outer Space Affairs, Vienna, Austria), from 1977 until
his retirement in 1999. He was the United Nations
Expert on Space Applications and Chief of the Space
Applications Section of OSAD for the last 18 years of
his UN tenure, responsible for initiating, designing,
implementing and supervising, globally, the United
Nations Space Applications Programme (UN-SAP).
He previously served as Remote Sensing Specialist and
Officer-in-Charge of the Space Applications Section
of OSAD. Abiodun was Co-ordinator of the participation of the United Nations in the International Space
Year (1992). He also spearheaded the United Nations
initiative in establishing regional Centres for Space
Science and Technology Education around the world.
Other professional experience includes Senior Lecturer at the University of Ife (now Obafemi Awolowo
University), Nigeria, and hydraulic system engineer
for The Boeing Company, Seattle.
Dr. Abiodun is a contributor to five books and
the author of over 60 scientific and technical journals and publications in the fields of fluid mechanics,
hydraulic systems, water resources engineering,
engineering education, technology development,
and different aspects of space science and technology. In retirement, he has been Senior Special
Assistant to the President of Nigeria on Space Science and Technology, 2000–2003; a member of the
College of Commissioners for the United Nations
Monitoring, Verification and Inspection Commission (UNMOVIC) (2000–Present); Chairman of the
Board of Directors of Spaceweek International Association, 2001–2004; Serving Member of the ISPRS
International Policy Advisory Committee; Chairman
of the United Nations Committee on the Peaceful
Uses of Outer Space (COPUOS) by the Committee,
June 2004–June 2006; and Serving Member, ISPRS
Foundation Board of Trustees.
Abiodun is a Professional Engineer in the State of
Washington and a Registered Engineer (COREN),
Nigeria. His B.S.C.E., M.S.C.E., and Ph.D. in civil
and hydraulics engineering are from the University
of Washington.

Yolanda Berenguer
Yolanda Berenguer is Coordinator
of UNESCO’s Space Education Programme, an international program
that promotes the integration of
space-related subjects and disciplines in the curricula
as an innovative approach to science education. This
new initiative, launched in 2002, aims to contribute to
the preparation of the next generation of space professionals and workforce.
Berenguer has a Master’s degree in international
relations from Boston University and post-graduate
training in Earth observation applications from the
Groupement pour le Dévéloppement de la Télédétection Aérospatiales (GDTA), France. Before heading
the Space Education Programme, she was a team
member in the 1990s of the UNESCO/IUGS research
program “Geological Applications of Remote Sensing”
(GARS), which aimed to develop a new methodology
in the study of natural hazards of geological origin
using space data and technology.
Berenguer is currently the co-Chair of the CEOS
Working Group on Education, Training, and Capacity
Building, and a member of the Education Committee
of ISPRS-Latin America (SELPER), IAF Space Education and Outreach Committee, and EURISY Advisory
Group on Education. She is UNESCO’s representative
to the UN Committee on the Peaceful Uses of Outer
Space (COPUOS) Plenary and UN Inter-Agency
Meeting on Outer Space Affairs. She has participated
in several international and regional space-related
workshops and conferences as a resource person.
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Adrian Berry

Adam Bruckner

Adrian Berry is the London Daily
Telegraph’s Consulting Editor in science. He has written nine popular
science books, including The Next
Ten Thousand Years: A Vision of Man’s Future in the
Universe (1974); The Iron Sun: Crossing the Universe
through Black Holes (1977); From Apes to Astronauts
(1980); High Skies and Yellow Rain (1983); The SuperIntelligent Machine: An Electronic Odyssey (1983);
Ice with Your Evolution (1986); The Book of Scientific
Anecdotes (1993); The Next 500 Years: Life in the Coming Millennium (1995); and The Giant Leap: Mankind
Heads for the Stars (1997). In addition, he has published two spy novels, and two science fiction novels.
Berry currently writes a monthly article, “The Sky at
Night,’’ for the Daily Telegraph, and a monthly column
on space and astronomy for Astronomy Now magazine. All his columns for this magazine, and a number
of others, appear in his website, www.adrianberry.net.
From 1977 to 1997 he was Science Correspondent for
the Daily Telegraph. In this capacity, he covered the
first Moon landing and was in the pressroom at Houston when Neil Armstrong stepped onto the Moon. He
has also worked as a reporter on the old New York Herald Tribune and for Time Magazine.
Berry is a Fellow of the Royal Geographical Society and of the Royal Astronomical Society. He is also
a Senior Member of British Interplanetary Society. In
2001, on the death of his father, he became the fourth
Viscount Camrose. He lives in London with his wife,
Marina.
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Adam Bruckner is Professor and
Chair, Department of Aeronautics
and Astronautics, at the University of
Washington, Seattle. He received his
Ph.D. in Aerospace and Mechanical Sciences in 1972
from Princeton University and joined the University
of Washington as a Research Associate the same year.
He has been department Chair since 1998. He graduated from McGill University in Montreal, Canada,
in 1966 with a B. Engr. in Honors Mechanical Engineering and was a recipient of the British Association
Medal.
Professor Bruckner’s research has encompassed
planetary in situ resource utilization, hypervelocity
accelerators, space propulsion, space power systems,
energy conversion, and laser applications in biology
and medicine. He has published more than 170 papers
and reports on these topics. He is a co-inventor of
the ram accelerator, a chemically propelled ramjetin-tube hypervelocity projectile launcher, and also
co-inventor of the liquid droplet heat exchanger, a
promising approach to thermal management in space
power systems. He has also worked on the development of enabling technologies for manned and
unmanned Mars missions based on in situ resource
utilization. His particular interest in this area is the
extraction of water from the Martian atmosphere for
the production of rocket propellants and life-support
consumables. He is the co-recipient of five US patents
in the areas of ram accelerators, launch vehicles, and
heat exchangers.
Dr. Bruckner has received several awards from
NASA, AIAA, and USRA, and is a Fellow of the AIAA.
Other professional societies of which he is a member
are the American Society of Engineering Educators
and Sigma Xi. He has also been a frequent consultant
to industry and government.
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William H. Calvin
William H. Calvin, Ph.D., a theoretical neurobiologist, is Affiliate
Professor Emeritus of psychiatry and
behavioral sciences at the University
of Washington School of Medicine in Seattle. He is
also affiliated with Emory University’s great apes
project.
His 1998 cover story for The Atlantic Monthly, “The
Great Climate Flip-flop,” grew out of a long-standing
interest in abrupt climate change and how it influenced the evolution of a chimpanzee-like brain into a
more human one. He addressed the same topic in his
2002 book, A Brain for All Seasons: Human Evolution
and Abrupt Climate Change, which won the Phi Beta
Kappa Book Award for Science as well as the 2006
Walter P. Kistler Book Award.
Calvin has written a dozen books for general readers. A Brief History of the Mind: From Apes to Intellect
and Beyond (2004) addresses what led up to the
“Mind’s Big Bang” about 50,000 years ago, a creative
explosion compared to the very conservative trends
in tool-making over the previous 2.5 million years.
That span featured two million-year-long periods
without much progress – despite the growth in brain
size. Homo sapiens was around for perhaps 100,000
years without doing too much that was different from
their predecessors and from Neanderthals.
Calvin’s neurobiology research interests primarily concern the neocortical circuits used for detailed
planning and for improving the quality of the plan
as you “get set,” presumably utilizing a millisecondsto-minutes version of the same Darwinian process
seen in the immune response and species evolution
on longer time scales. His research monograph, The
Cerebral Code: Thinking a Thought in the Mosaics of
the Mind (1996), concerns Darwinian processes in
neural circuitry that can operate on the timescale of
thought and action to resolve ambiguity and shape up
novel courses of action. He also collaborated with the
linguist Derek Bickerton to write Lingua ex Machina:
Reconciling Darwin and Chomsky with the Human
Brain (2000) about the evolution of syntax.
Following studies in physics at Northwestern University, Calvin branched out into neurophysiology
via studies at MIT, Harvard Medical School, and the
University of Washington (Ph.D., physiology and biophysics, 1966).

Eric J. Chaisson
Dr. Eric J. Chaisson is Director of the
H. Dudley Wright Center for Innovative Science Education at Tufts
University, where he is also Research
Professor of physics and astronomy and Research
Professor of education. He is also an Associate of
the Harvard College Observatory, where he teaches
introductory astrophysics, and Affiliate-director of
the Massachusetts Space Grant Consortium at MIT.
Trained initially in atomic physics, Chaisson
obtained his doctorate in astrophysics from Harvard
University in 1972. Before assuming his current position, he spent a decade as a member of Harvard’s
Faculty of Arts and Sciences. During Chaisson’s tenure
as Associate Professor at the Harvard-Smithsonian
Center for Astrophysics, his research concentrated
largely on the radio astronomical study of interstellar
gas clouds. This work won him fellowships from the
National Academy of Sciences and the Sloan Foundation, as well as Harvard’s Bok Prize for original
contributions to astrophysics and Harvard’s SmithWeld Prize for literary merit. He has also held research
and teaching positions at MIT and Wellesley College
and was for five years a senior scientist and director of
educational programs at the Space Telescope Science
Institute at Johns Hopkins University. He has more
than 100 publications to his credit, most of them in
the professional journals.
Chaisson’s scientific research currently focuses
on a thermodynamic study of physical and biological phenomena, searching for underlying common
features as clues to the origin and evolution of material systems throughout the universe. He has written
several books, including Cosmic Dawn, which won
the Phi Beta Kappa Prize, the American Institute of
Physics Award, and a National Book Award Nomination for distinguished science writing. His other
books include two works on relativity, a textbook on
cosmic evolution, and a volume (co-authored with
George Field) outlining the scientific rationale for the
US national space policy. A recent book, The Hubble
Wars, also won the American Institute of Physics
Science Writing Award, and his popular textbook,
Astronomy Today (co-authored with Steve McMillan),
is the most widely used college astronomy textbook in
the nation. His most current book, Epic of Evolution,
was published by Columbia University Press in 2005.
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Karl Doetsch

Jean-Jacques Favier

Dr. Karl Doetsch has pursued a
diverse career in the international
aerospace sector, and currently
provides international consulting
services in space applications, international programs
and relations, and advanced education. From 1998
to 2004, he was President of the International Space
University in Strasbourg, France, which specializes in
an interdisciplinary, international, and intercultural
space education for graduate students from around
the world. He further developed the university’s
teaching and research programs and strengthened
its international alumni and lecturer network into a
globally recognized force for advancing world space
activity.
Dr. Doetsch has served as Chairman of the Scientific
and Technical Subcommittee of the United Nations
Committee on the Peaceful Uses of Outer Space, as
President of the International Astronautical Federation, and as President of the Canadian Aeronautics
and Space Institute. Among other committee work,
he served on President Clinton’s Space Station Committee in 1993. During his 30 years with the Canadian
government, he served in several senior management
positions, notably, at the National Research Council of Canada, as Associate Director of the National
Aeronautical Establishment and, at the Canadian
Space Agency, as Director General of the Space Station Program, Vice-President of Human Space Flight,
Vice-President of Programs, Acting President, and
Chairman of the Space Plan Task Force.
Dr. Doetsch worked in leadership roles on each of
Canada’s human space flight initiatives: Canadarm,
Canada’s Astronaut Program, and the Canadian Space
Station Program. He also initiated and developed the
Canadian Astronaut Program and the Canadian contribution to the International Space Station.
Dr. Doetsch’s Ph.D. research was in supersonic
aerodynamics at Imperial College, London University. He is Chairman of the Board of Athena Global.
Among the numerous awards he has received are the
Thomas Eadie Award of the Royal Society of Canada,
the NASA Public Service Award, and the Allan D.
Emil Award of the International Astronautics Federation. The Executive Theatre at the International Space
University was named in his honor.
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Dr. Jean-Jacques Favier is currently
Deputy Director, Prospective and
Strategy, for Centre National d’Etudes
Spatiales (CNES) and Director of
Research for Commissariat à l’Energie Atomique
(CEA). He proposed the MEPHISTO space program,
a collaborative project between the French Space
Agency and NASA, and has developed many other
scientific projects in collaboration with the United
States since 1985. He was the principal investigator
(P.I.) of more than ten international experiments with
European countries, Russia, and the United States. He
has been a CNES Payload Specialist candidate since
1985. He was alternate Payload Specialist on STS 65
(IML2 mission) and supported the mission as a Crew
Interface Coordinator (CIC/APS) from the Payload
Operations Control Center (POCC) at the Marshall
Space Flight Center in Huntsville, Alabama. He flew
onboard Columbia in 1996 for the STS 78/LMS mission, orbiting the Earth 271 times, covering 7 million
miles in 405 hours, 48 minutes.
Favier attended primary and secondary schools in
Strasbourg, France. He received an engineering degree
from the National Polytechnic Institute of Grenoble in
1971, a Ph.D. in engineering from the Mining School
of Paris in 1976, and a Ph.D. in metallurgy and physics
from the University of Grenoble in 1977.
Prior to his current position, Dr. Favier was Deputy Director of Space Technology, CNES, from 1999
to 2003, and Assistant Director of Advanced Technology, CEA, from 1996 to 1999. In 1994, he was an
Associate Professor at the University of Huntsville in
Alabama. He was an Astronaut Candidate for CNES,
Paris, in 1985.
Special honors received by Favier include the Zellidja Association 2nd prize, French Academy Literature,
1970; E. Brun Price Award, French Academy Sciences,
1982; Grand Price Marcel Dassault, French Academy
of Sciences, 1997; NASA Space Flight Medal, 1996;
Gold Medal of Grenoble, 1997; Chevalier de la Legion
d’Honneur, French Government, 1998; and ICARE98
Prize from the French Association of Aerospace Professional Journalists (AJPAE). He owns several patents
on crystal growth processes, furnaces, and in situ diagnosis, and he has published more than 130 research
articles in refereed scientific journals and books.

Humanity 3000 “Humans and Space: The Next Thousand Years” Proceedings

Participant Biographies | Appendix 2

Robert Frisbee
Dr. Robert H. Frisbee received B.S.
and M.S. degrees in chemistry from
California State University Long
Beach. He went on to receive a Ph.D.
in physical chemistry from the University of California Santa Barbara, and taught for one year at the
California Polytechnic State University (San Luis
Obispo). He joined the Jet Propulsion Laboratory
(JPL) Solid Propulsion Group in 1979 and is now a
senior member of the technical staff in the Advanced
Propulsion Technology Group. He has been involved
in the NASA-funded Advanced Propulsion Concepts
Task at JPL since 1980.
Dr. Frisbee has participated in a number of
advanced propulsion and mission design studies in
that time, including advanced chemical, nuclear, electric, and laser propulsion. He has also been involved
extensively with studies of the use of extraterrestrial
materials. He serves as the Technical Chair of the
annual NASA Advanced Space Propulsion Workshop,
and the Coordinator of the NASA-JPL Advanced
Propulsion Concepts website. He is also a recipient
of the American Institute of Aeronautics and Astronautics (AIAA) Nuclear and Future Flight Propulsion
Pioneer Award. He often jokes that his job involves
“government-funded science fiction,” but he then
reminds his listeners that so were trips to the Moon
40 years ago.
At the 2004 AIAA Joint Propulsion Conference,
he was the recipient of the Nuclear and Future Flight
Technical Committee’s 2003 JPC Best Paper Award
(“How to Build an Antimatter Rocket for Interstellar Missions,” AIAA Paper 2003-4696). Finally, he
has appeared on several programs on the cable TV
Discovery and Learning Channel (including a show
on the 25th Anniversary of Star Trek, as well as the
segment of the show “The Science of Christmas” that
dealt with the thermodynamics of baking a turkey).

Virendra Jha
Virendra Jha is Vice President, Science, Technology and Programs, at
the Canadian Space Agency, to which
he was appointed in 2003. Dr. Jha has
over 32 years of experience in space-related programs
in Canada, ranging from technical work to senior
management. After starting his professional career
with RCA Limited in 1972, he subsequently worked
at Spar Aerospace in Montreal, Quebec, where he was
Director of Engineering, responsible for all the engineering design activities related to space hardware
built by Spar. He joined the Canadian Space Agency
in 1991 as Director of Space Mechanics. Next, he was
promoted to the position of Director General, Space
Technologies Sector, in 1997. During this period, several innovative technologies were developed under
his leadership.
Dr. Jha holds a Bachelor’s degree in engineering
from the Indian Institute of Technology, Delhi; a Master’s degree in mechanical engineering from McMaster
University, Hamilton, Ontario; and a Ph.D. in mechanical engineering from Concordia University, Montreal,
Quebec. He has published and presented more than
20 papers in space-related subjects, including novel
research presented at international conferences. Dr.
Jha is an internationally recognized figure in this
area, which is reflected through his participation as a
board or a committee member in various Canadian
and international panels, committees, and institutes.
He was one of the founders of the Master’s program
in aerospace engineering and has also taught special
courses at Concordia University in Montreal.
In recognition of Dr. Jha’s significant contribution to the Canadian Space Program, the Canadian
Astronautical and Space Institute (CASI) bestowed
him with the “Alouette Award” in 1999. In 2002, he
received the Queen Elizabeth Golden Jubilee Medal
for his contribution to the Canadian Space Program.
In 2004, he was named Professional Man of the Year by
the Indo/Canada Chamber of Commerce in Toronto,
and he was been nominated to be a Corresponding
Member of the International Academy of Astronautics. Also in 2004, he was elected Vice President of the
International Astronautical Federation (IAF) Bureau
for a two-year term.
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Krishnaswamy Kasturirangan
Dr. Krishnaswamy Kasturirangan is
presently the Director of the National
Institute of Advanced Studies (NIAS),
Bangalore, and also a Member of Parliament (Upper House).
Kasturirangan received his doctorate degree in
experimental high-energy astronomy in 1971, working at the Physical Research Laboratory, Ahmedabad.
He was involved in the development of satellites for
research, remote sensing, and communications for
India’s space programme. From 1982 to 1990, under
his leadership, a satellite-based system was established, including the first operational Indian Remote
Sensing Satellite, IRS-1A. As Director of the ISRO Satellite Centre, 1990–94, he oversaw activities related to
the development of new-generation spacecrafts and
satellites. In 1994, he became Chairman, Indian Space
Research Organisation (ISRO), and under his leadership, the space programme achieved such major
milestones as the successful launching and operationalisation of India’s Polar Satellite Launch Vehicle
(PSLV) and, more recently, Geosynchronous Satellite
Launch Vehicle (GSLV). He also oversaw the development of world-class remote sensing satellites, as well as
the second- and third-generation INSAT communication satellites. He played a key role in the commercial
outreach of the Indian space programme. Kasturirangan initiated the establishment of a UN Centre for
Space Science & Technology Education (UN-CSSTE)
for the benefit of the Asia-Pacific countries and was
Chairman of the governing board between 1995 and
2003. Currently he is the Chairman of the Council of
the Indian Institute of Science and Raman Research
Institute at Bangalore and Aryabhatta Research Institute of Observational Sciences at Nainital.
Dr. Kasturirangan received the Brock Medal from
the International Society for Photogrammetry and
Remote Sensing (ISPRS) and the American Society
for Photogrammetry and Remote Sensing. He has
also received the Allan D. Emil Memorial Award of
the International Astronautical Federation (IAF). The
President of the French Republic honored him by conferring upon him “Officer of the Legion d’honneur.”
Kasturirangan is presently Vice President (Academic Affairs) of the International Academy of
Astronautics and President of the Indian National
Academy of Engineering.
270

Nicholas J.M. Patrick
Nicholas J.M. Patrick, Ph.D., P.E., has
been a NASA astronaut since 1998.
He is currently assigned to the Astronaut Office’s Exploration Branch,
where he helps develop specifications for NASA’s
future exploration vehicles. He is assigned to the crew
of STS-116. Dr. Patrick has worked in various technical assignments, including development of human
factors standards and display prototypes for the Shuttle’s Cockpit Avionics Upgrade, and supporting the
Eighth Expedition to the International Space Station.
Dr. Patrick’s Ph.D. in mechanical engineering
was earned at Massachusetts Institute of Technology. He received an S.M. in mechanical engineering
from MIT and an M.A. Cantab., engineering, from
the University of Cambridge, England. While at
MIT, he was a teaching assistant and then a research
assistant in the Human-Machine Systems Lab in the
Department of Mechanical Engineering. His research
interests included telerobotics, aviation psychology,
decision theory, optimization, and econometrics.
He also worked as a flight instructor at Hanscom
Field’s East Coast Aero Club, and as a statistician
and programmer for a medical and robotic products
company. Upon completion of his doctorate, Patrick
joined Boeing’s Commercial Airplane Group in Seattle, WA, where he worked in Flight Deck Engineering
as a Systems and Human Factors Engineer on many
of Boeing’s commercial aircraft models.
While at the University of Cambridge, Dr. Patrick
learned to fly as a member of the Royal Air Force’s
Cambridge University Air Squadron, and spent his
summers as a civil engineer in New York and Connecticut. After graduating from Cambridge, he moved
to Boston, MA, where he worked for four years as an
engineer for the Aircraft Engines Division of GE. He
has logged over 1,800 hours as a pilot – including
over 800 hours as a flight instructor – in more than
20 types of airplane and helicopter.
Patrick received the JSC Center Director’s Discretionary Award for contributions to the user-interface
design of the Space Shuttle’s Cockpit Avionics Upgrade,
2002. He holds three patents in the areas of telerobotics, display design, and integrated aircraft alerting
systems.
A native of the United Kingdom, Dr. Patrick
became a US citizen in 1994.
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U.R. Rao
Professor U.R. Rao is an internationally renowned space scientist who has
made original contributions to the
development of space technology in
India. He started his career as a cosmic ray scientist,
which work he continued at MIT and University of
Texas at Dallas. He was one of the prime experimenters on a number of Pioneer and Explorer spacecrafts.
After his return to India, Professor Rao undertook
the responsibility for establishing satellite technology in India. Under his guidance, over 18 satellites,
including first- and second-generation INSAT series
of communication satellites and IRS series of remote
sensing satellites, were fabricated and launched. As
Chairman of the Indian Space Programme and Secretary of the Department of Space, 1984–1994, Rao
was responsible for the development of ASLV and
the operational PSLV launch vehicles, the latter being
capable of launching two-ton satellites into a polar
orbit. He has worked tirelessly towards the application of space technology for national development,
particularly in the fields of communication, broadcasting, distance education, disaster management,
management of natural resources, and sustainable
development.
Professor Rao has published over 350 scientific and
technical papers, and authored many books, notable
amongst which are Perspectives in Communication,
Space and Agenda 21 – Caring for the Planet Earth,
and Space Technology for Sustainable Development.
He is an elected fellow of many national and international academies, was Chairman of the United
Nations Committee on Peaceful Uses of Outer Space
(UN-COPUOS) from 1997 to 2000, and was President
of the UNISPACE III Conference. He is a recipient
of many national and international awards and has
been honoured with D.Sc (Hon. Causa) from over 18
universities including the oldest university in Europe,
University of Bologna. He was also awarded “Padma
Bhushan,” one of the highest civilian awards given
by the government of India. He holds M.Sc., Ph.D.,
F.A.Sc., and F.N.A. degrees.

Christian Sallaberger
Dr. Christian Sallaberger is Director
of Space Exploration at MDA, Canada’s largest space company and the
world leader in space robotics, having designed and built the main robotic systems for
the Space Shuttle and the International Space Station.
Dr. Sallaberger is responsible at MDA for deep space
missions such as those to Moon and Mars.
Prior to joining MDA in 2000, he worked for the
Canadian Space Agency, where he held a variety of
positions including Manager of Strategic Development and Manager of Space Exploration. He has also
worked for the European Space Agency in the Netherlands, where he performed engineering systems
design and economic analysis for future European
lunar missions and for IBM in Canada. He has
numerous technical and programmatic publications
and a patent. He is a co-author of two space reference
texts (Keys to Space, and Human Spaceflight Analysis
and Design).
Dr. Sallaberger obtained degrees from the University of Waterloo in Canada and the University
of California at Berkeley. He received his doctorate
from the University of Toronto in aerospace science
and engineering. He is an elected full member of the
International Academy of Astronautics. He is also a
graduate of the first class of the International Space
University, held at MIT in 1988, and currently is Vice
Chairman of the ISU Board of Trustees. He is an
appointed member of the faculty and has lectured at
the graduate level in space business and management,
and space engineering for many years. For several
years he represented the government of Canada on
the International Mars Exploration Working Group
(IMEWG) and was a member of the Japan-Canada
Space Panel. He is currently the chairman of the
Space Exploration Committee of the International
Astronautical Federation.
Dr. Sallaberger sits on the boards of several corporations, speaks a number of languages, and is an
appointed member of the Graduate Faculty at Cleveland State University. He is also currently a member
of advisory boards to the University of Toronto and
York University.
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Pierre-Alain Schieb

Michael Simpson

Dr. Pierre-Alain Schieb is Counsellor
in the Advisory Unit to the Secretary General of the OECD, which
manages the International Futures
Programme. He is in charge of the Corporate Partners and the International Futures Network, and is
Head of OECD Futures Projects such as the Commercialisation of Space and the Development of
Space Infrastructure and the possible launching of
the OECD Global Forum for the Economic Analysis
of the Space Sector. He also manages a new project on
Global Infrastructure Needs and the project on Risk
Management Policies in Selected OECD Countries.
The aim of the Programme is to help decision-makers in government and business identify and evaluate
the strategic challenges of a rapidly changing world
economy within a long-term perspective.
Before joining the OECD in 1994, Dr. Schieb was
Executive Vice-President of International Business
of one France’s major retailing groups and Dean of
a graduate school of business in France (Rouen. He
holds an Associate-Professorship in international
business and research methodology at the University of Paris Dauphine. Co-founder of a high-tech
startup company in the early 1980s and involved in
venture capital initiatives, Dr. Schieb was also a consultant to numerous French and US companies in the
field of alliances, industrial cooperation, licensing,
and corporate and marketing strategies. He has also
published many articles in the field of international
management, marketing, and corporate strategy.
Dr. Schieb earned a Ph.D. (Doctorat d’Etat) in management science from the University of Strasbourg
(1981), a DBA in economics and business administration from the University of Aix-en-Provence (1974), a
M.Sc. in quantitative marketing from the University
of Sherbrooke (Canada) and four Master’s and Bachelor’s degrees in business management, economy,
political sciences, and law. Dr. Schieb has received
numerous distinctions such as the Best Award in
Economy (Aix-en-Provence, 1967), Best Dissertation
Award (Quebec, Canada, 1974), and Chevalier in the
French Order of Palmes Académiques (1991).
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Dr. Michael K. Simpson was
appointed President of the International Space University in May 2004.
His academic career extends over 25
years and two continents. He has been President of
Utica College and the American University of Paris
with a combined total of fifteen years of experience
as an academic Chief Executive Officer. He has taught
courses in political science, international relations,
business management, leadership, and economics at
universities in both the United States and France.
Dr. Simpson received his Bachelor’s degree magna
cum laude from Fordham University, where he was
elected to Phi Beta Kappa. He has also been elected
to academic honor societies in the fields of political
science and business management. After graduating from Fordham University, Dr. Simpson accepted
a commission as an officer in the U.S. Navy, where
he served as an oceanographic watch officer, communications officer, leadership and management
instructor, repair officer, and political military action
officer. In 1993 he retired from the Naval Reserve with
the rank of Commander. He holds numerous military
commendations including the Defense Meritorious
Service Medal. Simpson completed his Ph.D. at The
Fletcher School of Law and Diplomacy of Tufts University, holds an M.B.A. from Syracuse University;
and completed two M.A. degrees from The Fletcher
School. He has also completed two prestigious oneyear courses in Europe: the French advanced defense
institute (Institut des Hautes Études de Défense
Nationale) and the General Course of the London
School of Economics. Appointed by Representative
Sherwood L. Boehlert, Dr. Simpson served for many
years on the Northeast-Midwest Leadership Council.
He is a board member of the Spaceweek International
Association and a representative to the UN Committee on the Peaceful Uses of Outer Space.
Seeing universities as nodes in an interconnected
lattice of educational opportunities, Dr. Simpson has
been responsible for concluding partnership agreements with universities in Australia, Asia, and Europe,
and has brought ISU into the Space Education Consortium in the United States as the only international
partner in that newly formed body.
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Peter D. Ward
Peter D. Ward is Professor of geological sciences, Professor of zoology, and
Curator of paleontology at the University of Washington in Seattle. His
book Rare Earth: Why Complex Life Is Uncommon in
the Universe (Copernicus Books), co-authored with
Donald Brownlee, was published in 2000. In 2002,
he published Future Evolution (W.H. Freeman) with
illustrator Alexis Rockman. Dr. Ward’s latest book
is Gorgon: Paleontology, Obsession, and the Greatest Catastrophe in Earth’s History (Penguin, 2004).
He has also written other books on evolution and
mass extinctions, and has been involved with many
radio and television features. Since earning his Ph.D.
in 1976, he has published more than 80 scientific
papers dealing with these topics. He currently chairs
an international panel on the Cretaceous-Tertiary
extinction and served as Editor for the recently published volume Global Catastrophes in Earth History,
which was sponsored by the National Academy of
Science and NASA. He was elected as a Fellow of the
California Academy of Science in 1984, and has been
nominated for the Schuchert Medal, an award of the
Paleontological Society. Dr. Ward is Senior Councilor
of the Paleontological Society. He was recently named
Gallager Professor of Geology at the University of
Calgary and was awarded an Affiliate Professorship
at the California Institute of Technology, America’s
premier science university.

Laurence R. Young
Laurence R. Young is the Apollo Program Professor of Astronautics at
the Massachusetts Institute of Technology, where he is also Professor of
Health Sciences and Technology. He was founding
Director (1997–2001) of the National Space Biomedical Research Institute, with headquarters at the Baylor
College of Medicine, where he was also a Professor.
Dr. Young joined the MIT faculty in 1962 and cofounded the Man-Vehicle Laboratory, which does
research on the visual and vestibular systems, visualvestibular interaction, flight simulation, space motion
sickness, and manual control and displays. In 1991 he
was selected as a Payload Specialist for Spacelab Life
Sciences 2 and served as Alternate Payload Specialist during the October 1993 mission. In 1995 he was
appointed the first holder of a new MIT chair, the
Apollo Professor of Astronautics. He was Chairman
of the Harvard-MIT Committee on Biomedical Engineering and Physics, and the Interdepartmental Ph.D.
Program in Biomedical Engineering.
Young’s contributions to the aerospace medical
field have been in instrumentation (eye movement
measurement) and basic and applied research in
the field of vestibular function. His psychophysical
work on semicircular canal and otolith function led
to models that are applied to flight simulator motion
control and are being extended to include visually
induced motion effects. He is also recognized for his
leadership in the aerospace human factors, including
applications of manual control theory, and especially
for his research on adaptive manual control. His work
on the vestibular system has led to his role as principal
investigator for experiments on vestibular adaptation
to weightlessness conducted aboard five Spacelab
missions for which he received NASA’s Public Service
Group Achievement Award.
Other honors include the 1982 Dryden Lectureship in Research and 1992 Jeffries Award from the
American Institute of Aeronautics and Astronautics;
the NASA Space Act Award in 1995; the Paul Hansen award, 1995, from the Aerospace Human Factors
Association; and the prestigious Koetser Foundation
Prize, awarded in Zurich in 1998. Dr. Young has been
active on many professional and government committees, including several NASA Advisory panels. He
is the author of more than 200 journal articles.
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James Zimmerman
James Zimmerman is President of the
International Astronautical Federation, a non-profit, non-governmental
organization located in Paris, France,
with 160 member organizations from 45 countries. He
also is President of International Space Services, Inc.,
a space-policy and business-development consulting
firm located in McLean, VA USA.
Zimmerman previously served as the European
Representative of the US National Aeronautics and
Space Administration (NASA) in Paris, France, from
1985 to 1997. During this twelve-year assignment he
traveled extensively throughout Europe to represent
the US government’s civil aerospace interests. Before
his European assignment, he held several other
senior executive positions in the US government.
As the Assistant Director for Export, Import, and
International Safeguards of the US Nuclear Regulatory Commission, he was responsible for approving
American exports of fuel and reactor components
for nuclear power and research purposes. In 1980 he
founded and served as the first Director of the International Affairs Office of the National Environmental
Satellite Service, US Department of Commerce, at
the time when the Commerce Department assumed
responsibility for the LANDSAT Earth observations
satellite program. Prior to this, Zimmerman, as Chief
of NASA’s International Planning and Programs
Office, was responsible for negotiating NASA’s joint
projects with space agencies in Africa, the Americas,
Asia, and Europe.
Zimmerman received a Master of Arts degree from
Johns Hopkins School of Advanced International
Studies. He also studied at the Kennedy School of
Government, Harvard University, and at universities
in Finland, Austria, and Italy. He was twice awarded
NASA’s Exceptional Service Medal. In addition, he
received the European Space Agency’s International
Space Station Award and the German Space Agency’s
International Cooperation Award.
Zimmerman is a Fellow in the American Astronautical Society and an Associate Fellow in the American
Institute of Aeronautics and Astronautics, where he
also serves as Vice President – International. He is a
co-author of the Next Steps in Exploring Deep Space
cosmic study recently published by the International
Academy of Astronautics.
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Dr. Krishnaswamy Kasturirangan is Director of the
National Institute of Advanced Studies, Bangalore,
India, and a member of the Parliament of India.
… we must be second to none
in the applications of advanced
technologies to the real problems
of man and society.
Kasturirangan: India is a 5,000-year-old civilization.
It has its own culture and outlook, and an evolutionary development, the beginnings of which can be
traced back to nearly 5,000 years or even more. To
have adopted something that just happened in the last
50 years or so, and to make a meaning out of it in the
context of our own national needs, I think, needed very
bold vision on the part of our leaders. This is the context in which I want to outline the space program.
When we started debating about a program like
this, the Sputnik had been just launched and the
advantage of this vantage point of space was being
unfolded, albeit in a preliminary way. Dr. Vikram
Sarabhai, one of our space pioneers, said: “Why don’t
we use this vantage point of space for national development, since we are probably the best placed to take
advantage of space?” So, here was a vision from him
that we should fully explore and exploit the vantage
point of space and use it for purposes that are more
developmentally oriented. In this connection, India’s
Space Program is very unique, because even though
we started with a simple scientific goal of exploring
the atmosphere from a location in South India, ultimately the program acquired several dimensions in
the context of a variety of objectives predominantly
related to national development. Here I have tried to
summarize the programmatic direction, keeping Dr.
Sarabhai’s vision. It reads as:

“There are some who question the relevance of
space activities to a developing nation. To us, there
is no ambiguity of purpose. We do not have the fantasy of competing with the economically advanced
nations in the exploration of the Moon or the planets”
– (this is his vision 45 years back) – “or of manned
space-flight. But we are convinced that if we are to
play a meaningful role nationally, and in the comity
of nations, we must be second to none in the applications of advanced technologies to the real problems of
man and society.”
… we have built satellites that are both for
remote sensing for natural resources survey and
communications. We have built launchers that can put
these kinds of satellites into the requisite orbits.
We have created the human resources …

By and large, what we have done in the past 40 or 45
years is to translate this vision into reality. So, I will
spend a few minutes to show you what we have done
keeping this direction in view. We have, of course, a
direction that is applications-driven. For that we have
built satellites that are both for remote sensing for natural resources survey and communications. We have
built launchers that can put these kinds of satellites
into the requisite orbits. We have created the human
resources that are needed to carry out this program,
typically about 15,000 or so within the organization.
International cooperation has been a hallmark of
India’s space efforts. We have created, of course, several advanced and innovative technologies, created
the necessary infrastructure in-house, mechanisms
to work closely with industry, and with downstream
users who represent one of the largest in the world in
terms of using the space systems for a variety of applications. We have a modest budget for carrying out all
these, which is about $600 million per year.
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What have we achieved in the last 40 years or so
since the inception of this program? We have had
something like 20 launches carried out with our own
launch vehicles and we have built something like 46
satellites. These are satellites either for scientific objectives or for communication objectives – broadcasting
and communications – and meteorological objectives, and finally for remote-sensing objectives.

Now, how have we organized the space
system as a developing country?

Now, how have we organized the space system as a
developing country? This just cannot be done in an
institutional framework that is typical of what you see
in the developed world. The space program comes
directly under the Prime Minister in our country.
A government department created for space called
Department of Space reports to the Prime Minister.
There is a clear-cut institutional framework to deal
with users who use communication satellite systems
and remote-sensing satellite systems through formal
governmental mechanisms. Today, of course, it is also
moving to deal with private parties that carry out
space-related services, but when it started and for a
long period, it was government agencies that made use
of the space systems for many specified end-users.
The overall directions for the program, including
policy formulation, are given by an apex body called
the Space Commission. The budget, projects, programs, and policies of the Department of Space are
approved by this Commission. The executive arm of
the Department is the Indian Space Research Organization under which there are a number of work centres,
like the Vikram Sarabhai Space Centre (lead centre
for launch vehicle projects) and ISRO Satellite Centre (lead centre for satellites) and Space Applications
Centre (for applications). Outside the organization,
there are a number of industries and academic institutions in the country that work closely with ISRO
in supporting the program. The other dimension, as
mentioned earlier, is the user community, who use
the capability of space systems for their needs.
What is the national priority that the Indian Space
Program today addresses? There are a number of
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problems related to natural resource management,
education for increasing population, and also health
care. Agriculture, as you know, is one of the major
endeavours in the country. At the time of India’s
independence, we were producing 50 million tons
of grains; today we produce more than 200 million tons. The questions are related to looking at the
productivity, providing advance information about
the agricultural yield, and also trying to look at the
corresponding problems of land degradation. The
forest and the environment, and their monitoring are
another issue. In the context of the biodiversity, we
have something like 7.0 percent of the world’s diversity
in flora, and about 6.5 percent of the world’s diversity
in fauna. Scientific understanding of weather and climate is critical from the agricultural point of view.
There is also considerable interest to conduct observation of the Himalayas for monitoring the glaciers,
since they feed the northern rivers like the Ganga and
Brahmaputra.
We have a 7500-kilometer coastline, which is also
important in the context of environment vis-à-vis
many other human activities. Wetland monitoring is
another important aspect.
The issues of demographic pressure can be understood by the fact that the per capita land has been going
down from .28 to .14 acres, i.e. 50 percent, (from 1950
to 2000). The increasing population pressure translates itself in terms of a higher demand for food and
space, and degrading environment. There are 700 million Indians dependent directly on national resources
of a variety of types for their livelihood. Obviously, a
monitoring system or an early warning system is critical to ensure that this is made sustainable.
For example, let us look at the case of the degradation of land and soil. There is something like 4.5
percent loss to the GDP resulting from the annual
soil loss, primarily because of deforestation and other
kinds of the vegetative cover being lost. Being in the
tropics, we have the monsoon, which is a fairly intense
precipitation, leading to the problems of soil loss and
silting. Regarding the water problem, since 1947 the
availability of per capita water in the country has been
going down from 6,000 cubic meters to 2,000 cubic
meters, to date. The projections are much worse by
2047, less than 1,500 cubic meters.
The Indian Space Program seeks to address many
of these issues, encompassing efficient land and water
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use, optimal resources management, and thus empowering people to realize sustainable development.
The space program in India, to address issues like
what we have mentioned earlier, involves building satellites, launching them, and using them for a variety
of applications. We have a dedicated community of
users who today use these satellites to meet their own
application requirements. Regarding launch vehicle
systems, we have developed over the last 40 years two
major classes of launch vehicles: one that can launch
2,500-kilogram class satellites into geosynchronous
transfer orbit and the other that can take 2-ton class
satellites into a polar sun-synchronous orbit, and alternately about 4 tons into a near-Earth orbit. Currently
under development is a heavy-lift vehicle that can place
4.5 to 5 tons into a geosynchronous transfer orbit.
Correspondingly, we have a series of satellites operating both in geosynchronous and polar orbits. In the
area of remote sensing, we have currently six satellites
in operation. They represent spatial resolutions from
as high as one meter to as low as one kilometer. Both
in terms of their capability and variety, these satellites
form one of the largest and most diverse constellations that are operated anywhere in the world.
Similarly, the INSAT, a multipurpose satellite,
is primarily for communications, broadcasting,
and meteorology; today ISRO operates six of them.
Together, they provide over 160 transponders in C,
extended C, and Ku bands that are multi-purpose,
serving a variety of operational needs in the communication/broadcasting modes and also to carry out
observations using very high-resolution radiometer
for weather-system studies.
… we have an operational system that can provide,
one month before the harvest, a prediction of the
production yield at the requisite level of precision
and accuracy for rice, wheat, and some of the
other major crops in the country.

Now, let us examine the nature of some of the applications using these missions, addressing some of the
broad issues that were highlighted in the context of
the country’s development and environment. India
uses the capabilities of these satellites rather extensively and innovatively. In the case of agriculture, for
example, we have an operational system that can provide, one month before the harvest, a prediction of

the production yield at the requisite level of precision
and accuracy for rice, wheat, and some of the other
major crops in the country. We have similarly a good
monitoring system for the forest. It has been enacted
through legislation in the Parliament that every two
years we appraise the forest health of the country to
the Parliament, and the satellite system is the key to
meeting those objectives. Disaster support is another
major area. The weather and climate are monitored
through the INSAT system, primarily the observation system comprising a set of very high-resolution
radiometers. And, of course, the monitoring of land
use patterns is another major area where the satellite
imageries are extensively used.
Water, I mentioned, is becoming a very major area
of concern. The satellites today have been used for
looking at the geological and hydrological features
for creating what have been called “hydrogeomorphological” maps. These maps are used to identify the
location of the groundwater. Based on the information related to wells that have been dug using these
kinds of maps in different parts of the country, it is
concluded that the success levels are in the range of
90 percent, compared to 40 percent in the conventional approaches. The same kind of strategy is also
used for recharging, for sustainable withdrawal. This
is one of the important applications in the use of space
imageries.
In the application related to fisheries, the question
is of looking at the phytoplankton distribution in the
ocean by means of space-borne ocean color-monitoring systems. Using such information, improving the
fish catch by 1.5 to 2 times, at least, has been possible
in most of the cases. This is now extensively used for
the fisheries, with the help of a good communication
system and information system, for the data dissemination at the level of fishermen so that they can be
directed to the schools of fish for improving the fish
catch.
Another innovative application is the wasteland
inventory. Here again, if one looks at the country’s 340
million hectares, there are 64 million hectares classified as wasteland, land that is not very much used in
terms of productivity. In this classification are sand
and barren land, marginal agricultural land, salineand alkaline-affected lands, and so on. Once having
mapped it at a high level of accuracy and precision,
today we are able to identify at least 45 million hect-
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ares of land that are culturable in terms of reclaiming
their fertility and ultimately making the land much
more productive. One can clearly see the application
of this kind of map and information that have been
put to use to improve, for example, saline-affected
lands, and how this has been identified and how it has
been suitably treated – typically with gypsum, and so
on – and how they have been made much more productive and therefore they could produce much more
output in terms of crops or horticulture.
On the other side, using the communication satellite, today we have a variety of applications. These
are much more important to India compared to many
other countries in the world, because the conventional broadcast and communication infrastructure,
until the recent past, has been rather poor. So, satellites enabled India to close the crucial gap in this
important area. Currently we have also incorporated
mobile satellite service as well as search and rescue
systems, and, in the not-too-distant future, satellite
navigation into the geosynchronous missions.
The most important aspect, besides the routine
communication and broadcasting services, is the ability of using the satellite to address some of the critical
issues that the country faces today, particularly in the
area of education, healthcare, and emergency communication.
Tele-education has been one of the
major applications over the last
two or three decades in using the
satellite system.

Tele-education has been one of the major applications over the last two or three decades in using the
satellite system. This enables providing the best of
the teachers, wherever they are available, to a number of classrooms across the country. These kinds of
experiments, which have been carried out over the
last three decades, have now been integrated into a
very unique satellite system that we have conceptualized and realised for the country. We call it EduSat,
a satellite that is fully dedicated for the requirements
of education. It is related to the primary, secondary,
and tertiary education, professional education, the
training of teachers, and the training and retraining
of professionals, vocational training, and so on. We
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have the best of the teachers available, but do not have
the requisite number of teachers so that they can be
present everywhere physically. So, we have the teaching end connected to several locations all across the
country to virtual classrooms and thereby use the
resources in an optimal fashion, using the connectivity that a satellite system provides. This satellite may
be one of its kind anywhere simply because of the
uniqueness of using a satellite system for tele-education in a massive way. Configuration enables simple
ground systems, easy to operate and of high reliability
and hence easy to maintain.
Using the concept of telemedicine and providing the
connectivity between the specialty hospitals and the
rural hospitals, we have been able to get the best
healthcare and medical advice into the rural areas.

The other aspect is telemedicine. We have a major
problem related to healthcare. Only approximately
2 percent of the specialists today reside in the rural
areas, which has more than 70 percent of the population. Using the concept of telemedicine and providing
the connectivity between the specialty hospitals and
the rural hospitals, we have been able to get the best
healthcare and medical advice into the rural areas.
Currently the satellite-based telemedicine system is
fast expanding. For example, in the past two years, we
have something like 113 hospitals in the rural areas that
have been connected to 27 super-specialty hospitals,
thereby providing the best of the medical services and
advice to several locations in the far-flung regions of
the country.
The satellite system – the remote-sensing satellite,
the communication satellite, including the meteorological component  – forms a critical component
today for providing space connectivity and observation in the context of space and disaster management.
We have established several components of space
and disaster management, including flood mapping,
drought mapping, damage mapping, hazard zoning,
risk zoning, and so on. This is now operationally
adopted by the disaster management agencies to carry
out a variety of things: the preemptive part of it with
modeling, and, more importantly, the post-disaster
phase for the relief and mitigation efforts.
We have also tried to integrate many of these ser-
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vices in that we have been able to bring to the rural
areas, particularly to the local decision-making bodies,
what we call a panchayat, in an innovative way. Information related to the drinking water, agronomic and
meteorological information for farmers, educational
aspects and healthcare aspects, training aspects, and
other related information are integrated into what we
call the Village Resource Center, which is connected
through the satellite connectivity. Different agencies
of the government and also nongovernmental agencies (NGOs) provide the type of information that is
needed in servicing the Village Resource Center, which
is a critical hub for getting the information at the local
level for a variety of developmental applications.

The satellite information, the global positioning
information, as well as the GIS techniques, together
will form the key to surveying India …

Most recently, we launched one satellite that is primarily for mapping applications. As you know, much
of the world today is not mapped at the scale that one
is looking for. This is a very unique satellite, what we
call the CartoSat, a mapping satellite that can provide
a 2.5-meter resolution. The most important aspect is
that the camera systems in the fore and aft view can
provide stereo pairs so that a three-dimensional picture of the land topography can be generated. This
satellite now will become an important element of the
survey of India. The satellite information, the global
positioning information, as well as the GIS techniques, together will form the key to surveying India
and many other parts of the world, using this kind of
a satellite.
Space sciences continue to be one of the important
components of the national space program, which
includes atmospheric research, astronomy research,
including solar physics. Techniques employ groundbased systems, balloon systems, rocket systems, as
well as satellite systems. We have a large body of scientists in the country who pursue space science areas,
so we are able to support them with unique satellite
missions.
There are two recent initiatives we took. One was to
build an advanced X-ray observation facility, and the
other was India’s first foray to the Moon, a planetary

mission. Both of them have been primarily motivated
by the interests of the scientific community. The original vision of Dr. Sarabhai was that we will have no
such grandiose mission to go to the Moon and other
parts of the universe. Now you can see the evolution
of the space program in a society like that of India.
The shift in the thinking, resulting from the changing character of the society – economic, social, and
cultural – as well as the confidence stemming from
four decades of successful space research is clear.
We have more or less fulfilled what a satellite system can do for the country in its development, and
satellites will continue to be the crucial component.
Obviously those capabilities that have been built, the
sophistication that has been available as technology
could be also channeled to several other directions.
When we wanted to do the Chandrayaan [India’s
first lunar spacecraft], we had to go to the scientists,
because ultimately the scientists will tell you whether
you ought to take a mission or not for this kind of
an objective. We got the endorsement from the scientists; we got it from the engineering community, the
Astronautical Society of India and the Aeronautical
Society of India. And then we went to the parliamentarians. We had to make presentations. They were
quite keen that India should undertake this kind of
direction. Ultimately the public response to this has
been exceptionally positive as evidenced through the
various media. Lastly, of course, the youngsters, the
new generation – they find it as a very inspiring step.
So, there were four or five types of response we got.

… India is assured of support on a long-term strategy
for planetary exploration.

What I’m trying to say is that India is assured of
support on a long-term strategy for planetary exploration. That has been well evaluated. The program as
envisaged at the present level has most of the proven
technology; of course, one has to do in advance quite
a bit on the celestial mechanics, lunar trajectories,
etc. Ultimately the space craft is expected to orbit the
Moon at 100 kilometers, pole to pole, with a variety of
camera systems operating in visible, infrared, microwaves, ultraviolet, X-rays, and gamma rays. So, there
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is a multiplicity of instruments looking at various
aspects of the physical, chemical, and the lunar surface features, including the lunar topography.
The international dimension has been one of the
key components of India’s program. This, of course,
is a model that certainly will become more in focus
as we discuss the larger programs of outreach into
the planetary systems or the solar system. We have a
number of countries with whom we’ve been associating in our program. Flying foreign instruments in our
satellite missions is one such example. Also our own
capabilities with satellites, like the remote-sensing
satellites, have been made available for receiving data
at different locations across the world. In fact, there
are something like 18 to 19 stations located in the different parts, including two in the United States. They
routinely receive data from the Indian remote-sensing satellites. As I said, the six satellites that we have
put up are currently operating. They are some of the
most unique ones in terms of the spatial resolution,
spectral resolution, and radiometric resolution. These
countries across the world receive the data on a commercial basis through agreements with the concerned
countries or companies.
The India-US partnership in space efforts, it’s
interesting to note, was born with our first foray into
space, facilitated by establishing the Thumba Equatorial rocket-launching station, the location where
the geomagnetic equator passes through. There was
considerable interest to look at the atmospheric phenomena above the geomagnetic equator. The early
support came from countries like the United States,
the then-USSR, France, and Germany. Then, of
course, we got some of the early rockets, including
the Nike-Apache, from the United States, to launch to
look at the atmospheric phenomena. The data reception from Landsat – we were one of the first countries
in the world to receive data from Landsat, and that
triggered a remote-sensing program for our country.
We were one of the first who took advantage of the
ATS satellite, a high-powered communication satellite. We did the educational television experiment,
one of the largest sociological experiments in education, which provided the much-wanted input to the
INSAT system, particularly the educational aspects of
the INSAT system. We got the first-generation INSAT
system from the United States.
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It’s extremely important that we
maximize the gain from the space
capabilities of individual countries
by coming together in the context of
fulfilling common goals.

So, one can see the type of partnership that existed
with the United States, and it is getting strengthened
through the current political relationship between the
two countries. It’s extremely important that we maximize the gain from the space capabilities of individual
countries by coming together in the context of fulfilling common goals.
Monitoring and control of the environment is
another agenda on which there are current discussions. In planetary exploration, already two of the
payloads of the lunar mission Chandrayaan I are
expected to be from the United States. And, of course,
sharing of products and services, such as in meteorological and atmospheric sciences, is currently an
ongoing activity.
… there is a tremendous meaning and relevance of
space in the context of grassroots development … when
you develop the methodology and the sophisticated
techniques, obviously its applications can be far wider.

In a nutshell, India has a focused program on a
shoestring budget. This has enabled us to also show
to the world that there is a tremendous meaning
and relevance of space in the context of grassroots
development. But when you total up the technology,
when you develop the methodology and the sophisticated techniques, obviously its applications can
be far wider. These capabilities that have been built
certainly could be the directions for the future cooperation. We will continue to have a core program that
is fully supported by the government and focused on
development. Enveloping this core program will be
an additional set of programs where the international
component will come in. It is here that we look in
the 21st century to work with many other countries,
including the United States, in furthering the common objectives, some of which will be discussed in
this particular meeting.
Thank you.
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Do you envision … the Indian
program to move to the point
where human space flight would be
something that the Indian government
would support as well?
Sallaberger: Professor Kasturirangan, thank you for
a very insightful overview of the Indian program. You
explained how the emphasis was very much on Earth
observation and telecommunications, and how there
has been an evolution now to some scientific missions,
like the Chandrayaan lunar mission. My question to
you in the context of this workshop, “Humans and
Space: The Next Thousand Years” is: Do you envision
this evolution of emphasis in the Indian program to
move to the point where human space flight would
be something that the Indian government would support as well?
Kasturirangan: I think it’s a good point. It has been
raised by the Indian government in recent years about
what would be our plan. In fact, the Indian government mostly takes the inputs from the Department
of Space in our country. I think that politically there
could be support in undertaking a manned mission.
Internally within the organization we have been looking at this particular question. The fundamental issue
is, at the present juncture, whether such investments
are commensurate with the type of returns we can
have. What we have tried to do is to make sure that
the several components of a manned mission are all
put in place at the appropriate location, so when ultimately the resources plus the political support and
the decision from the Department reasonably come
together, we should not be losing too much time in
terms of planning at that stage. That part of the step
we have taken.

… India has unique possibilities for
taking the world leadership in this
whole area of climate intervention.
Calvin: It would seem to me that India is in an almost
unique position in the world to take the leadership in
doing something about drought. We have in the Western United States quite a history of sustained droughts

appearing every few centuries, but they’re not due to
monsoon sailing. Monsoon sailing is, of course, one of
India’s big problems historically, and you have 5,000
years of literacy to help tell you about it, which we don’t.
Monsoons are about hot air rising in the highlands and
sucking in moist, ocean air. This really depends upon
hot summer afternoons. And when that doesn’t work
so well because of cloudiness or whatever, that is when
you start getting monsoon failures.
It seems to me that both from the standpoint of
modeling this, using space observations, and also
from the standpoint of experimenting with focusing extra sunlight on the highlands to give an extra
boost when it looks like, from the models, that the
monsoons may fail, India has unique possibilities for
taking the world leadership in this whole area of climate intervention.
Kasturirangan: I agree with you, but we have still not
mastered the prediction for the monsoonal system.
The problem is not the national average of rainfall,
which has a fluctuation of plus or minus ten percent.
Where we are really looking at, there is a five-percent
uncertainty that can tilt in terms of regional imbalances in the rain. This five-percent uncertainty, both
in terms of an observational system and a modeling
input, we are now trying to address. But so far we
have not been very successful predicting one month
before or even 15 days before whether we are going
to have normal months – and what is the definition
of normal? Does it mean that a particular district or
a particular state will get the normal rainfall? Or is
it the overall country? You cannot flood somewhere
and make up for the deficient rains. This is where the
problem is.
Certainly the observational systems are being
reviewed. For example, the Doppler radar and its dispensation within the country is one area, then other
types of measurement systems, maybe including the
balloons and so on. We are now building a satellite
that will have microwave sounders, 16 channels for the
sounders, and so on. If you bring in all those things,
our hope is that in the next five to eight years we should
be able to solve it. We are not able to put a time frame
much better than this in terms of our ability to make a
meaningful prediction for the monsoon.

Dr. Kasturirangan, many people in this
room, including myself, have been to Bangalore
Abiodun:
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many, many times. Of course, you find little kids
without shoes playing outside your facility, and yet
inside the center or organization of yours, so many
things are taking place. You started your presentation
today with a one-sentence summary of India in 5,000
years. The question I have for you is: To what do you
attribute the success of the Indian Space Program?
The reason the Indian Space Program is considered a success is because we have made
sure that the investments and the returns are relevant
to the country in terms of its developmental objective. The inputs today for the space program, defining
what the system should be, don’t come from ISRO. It
comes from a variety of user agencies in the country,
whether it is communications people, whether it is
television people, whether it is the resource people,
they are the ones who specify what their requirements are, and these requirements are translated into
missions, and then we carry out the mission and successfully accomplish it. The linkages are all from the
users downwards into an implementation strategy by
the organization. This is the most particular aspect of
our program being relevant and therefore successful.
The second point, of course, is a culture that we
have evolved within the organization. This culture is
one that is related to transparency of the functioning
of the system. See, the rules of the game for a successful space program are that it should be subjected
to critical review by any number of experts you can
get – people independent of the designers. They say
whether things are okay or if things are to be corrected. That is a transparency that you have to create
in that kind of a program: the review system, showing
the ultimate performance, clearances of the performances, and so on. These are integral to the type of
program that we do.
Lastly, of course, we don’t cut corners. The system that we build up has to be cost-effective, but that
doesn’t mean that we try to take it to the lowest level,
that we can order testing because there is money in
that. The decisions, even where there are financial
considerations, are taken more from considerations
of reliability of the mission rather than anything else.
Essentially it means that you deploy sometimes a
larger number of people in the Indian Space Program
for a particular work than what you normally employ
in many other things.
Kasturirangan:
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One of the themes that might well
help lead humanity forward over the
next thousand years into space is …
competition and competitiveness.
Simpson: One of the themes that might well help lead
humanity forward over the next thousand years into
space is – irrespective of our own idealism in this
room – competition and competitiveness. To what
extent in looking at the development of the program
in India have you been conscious of developments
both in your near region and more broadly in space
developments in other countries around the world
with which you would like to be compared?

… that we are one of the primary
sources across the world for the
remote-sensing data speaks of the
type of performances these
satellite systems are giving.
Kasturirangan: Very much. In fact, I should say that
if you really ask, we have been having only cooperation with countries in the region. And if you talk of
“neighborhood” in terms of China, we’ve not been
trying to compete with China – let me be very clear
– because they have put a man in space. Now the
question is whether India should also follow it by putting a man in space. These considerations are taken
totally from the national point of view, not because
somebody else did it. That part is clear to us.
The second part of it is that in a competitive world,
certainly we are quite competitive, even in spite of it
being mostly a government-run program. The space
systems that we produce – I don’t want to quote exact
numbers for specific areas, but they are substantially
cost-effective compared to similar systems elsewhere.
Now, this very reason is why we are trying to now
establish partnerships with countries in the Western
world where the Indian products and Indian systems
and subsystems would form an integral part. There
is an overall cost-effectiveness. Necessarily, to accept
that kind of premise, it is also important that there
is a technological compatibility. You can’t have a system that is of a lower performance to be integrated
with a system that is of a higher performance. This is
implicit in the whole approach.
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Lastly, that we are one of the primary sources
across the world for the remote-sensing data speaks
of the type of performances these satellite systems are
giving. It is one of the best systems in the world today

in terms of our abilities to deliver reliable, high-quality, remote-sensing data.
Facilitator:
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OECD started two years ago a project
with 22 participants, a number of them
space-related agencies …

Thank you to the Foundation for inviting me
to attend this very fascinating conference.
OECD started two years ago a project with 22 participants, a number of them space-related agencies,
such as ESA, NOAA from the United States, the French
CNES, the British agency, as well as Sweden, Norway,
and Switzerland. There are a number of participants
from the private sector such as Lockheed Martin, Alenia Spazio, SES Global, ING Group, and so forth. We
have built a project team inside the OECD, using the
internal resources in science and technology, and a
number of colleagues, and also using resources from
the universities and research institutes. There were a
number of working groups with industry. I believe
we had approximately 100 experts consulted. Also,
I made sure that we worked with nine international
governmental organizations – UNESCO is one, but
also the World Meteorological Organization, and so
forth – so we had a circle of networks and people with
an interest in space-based applications.
Schieb:

The scope was, and is still, civil and commercial
applications, so exploration was not on the direct radar
screen of the project, nor were defense
or military aspects …

The scope was, and is still, civil and commercial applications, so exploration was not on the direct radar
screen of the project, nor were defense or military
aspects – although in the first part of the project we
were using scenarios where we had a bit of geopolitics
incited.
I will now jump to the format of the project. We
had three parts. The first part was designing three scenarios targeting 2030, where we were trying to check
which are, first of all, the most promising applications.
We identified 14 applications. We were also checking
that all of those applications had a future under all of
the scenarios. If you read the first report, you will see
that there is some discrimination between scenarios
but not much. The difference between Scenario 1, 2,
and 3 is that if you go into Scenario 2 and Scenario 3,
you have more politics in Scenario 3. You will see that
then, for sure, militarization is a driving force behind
applications, but despite what could happen in a difficult scenario, still space-based applications are very
important for the future.
The second part was to select five case studies in
each of the main fields, which were telecommunications, navigation, Earth observation, and access to
space. You will be delighted to see that we are discussing what this workshop has been discussing this
afternoon, which is the economic importance of
lowering the cost of access to space and other considerations like that.
Within the second part, we were using case studies
to discuss what kind of economic models, business
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models, private and public roles could be used. The
fact is that we were covering four or five of those
applications and the job remains to be done for the
twelve other applications, but we had not enough
time or resources to do everything.
We are recognizing that space assets
contribute to the solving of major
societal challenges … we see a future
for space-based activity that is
highly promising.

The third part of the project is dealing with conclusions and about 25 recommendations. We are also
addressing a number of strategic recommendations
under the private sector or in the interest of the
private sector. But for the conclusions: We are recognizing that space assets contribute to the solving of
major societal challenges. Given a range of scenarios,
we see a future for space-based activity that is highly
promising. What is very important, also, is that we
think we will see short- and medium-term fluctuations impacting space-based activities. These are the
capital-intensive nature of space activities, long lead
times required for the development or implementation of space assets, the high risk of commercial
ventures, and also some detrimental involvement of
the state in space activities.
We recognize that public authorities have a key role
in shaping the institutional, legal, and international
regulatory regime for space activities. In a number of
cases, if you have too much or too many uncertainties
on the institutional front, or if the rules of the game
are not clear, then you cannot get public authorities to
take the lead. Those were the main lessons learned.
Then, we are trying to develop an architecture of
the recommendations. We are using the metaphor of
the bridge from today to the future, keeping in mind
that it is a kind of a short-term future. We have three
blocks of recommendations. They are not ranked or
sorted by priority.
Block I is that we think that implementing a sustainable space infrastructure is something of high
priority. This sustainable infrastructure is very critical, as we have seen today, also for exploration. The
deep knowledge of infrastructure is lacking.
Block II is to encourage public use, which is something that has not been mentioned much in this
286

workshop. This includes measures to foster greater
public use of space solutions at national and international levels. The India example is a good example of
space-based applications for public procurement. We
see great potential for these kinds of measures if we
can do it properly.
Block III is to encourage private sector participation, be it by entrepreneurial efforts or larger groups.
I won’t discuss all the applications that came in the
report, which just came from the press three weeks
ago, but I would like to say a word about what is next.
The Steering Group of the project decided that the
first publication would be “Space 2030: Exploring the
Future of Space Applications.” This tells what are the
scenarios and what are the promising applications. As
I said, I believe that those scenarios are even useful for
exploration, not just for civil-based applications. The
second publication is “Space 2030: Tackling Society’s
Challenges.”
We even had the recommendation that OECD could be a
candidate for global space governance.
We have a different way to cover this:
to create an OECD Global Space Forum.*

A possible follow-up for the Space Project – first of
all, we have requirements from a number of participants to do more socioeconomic work on the space
sector, such as socioeconomic benefits, and so forth.
We even had the recommendation that OECD could
be a candidate for global space governance. We have
a different way to cover this: to create an OECD
Global Space Forum. Briefly, we think that we could
have three working groups: one working on statistics from the public sector that don’t currently exist;
second, building economic indicators that a member of a parliament or congress might be looking for
when it comes to deciding about appropriations; and
third, legal and institutional framework, including
best practices and guidelines. When we received this
request, we objected that we are not lawyers and that
this is probably more under UN-COPUOS responsibilities. But, we said that what we could do is provide
economic analysis under a legal framework of contractual agreements or arrangements. This would be
Working Group 3.
Within the second working group we could
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work also on cost benefits of a number of applications. Working Group 2 would work on institutional
arrangements, best practices, economic and business
models – continuing what we have started in the
work on the first five case studies. I can tell you that
the politicians are interested.
We are going through a consultation process with
the key players: Washington, Europe (ESA), French
(CNES), and various space agencies, and so forth.
We would like to have the first meeting of the founding members at the end of October. So, we will see if
it flies, and if it flies, we think we should start with
something experimental for the next three years or
so, and then we will decide if there is a future for an
OECD forum.
The only thing I can say in addition is that this
is probably the only way to maintain interest within

OECD to do something like this, because otherwise
space was off the radar screen of the OECD for almost
the last 20 years. The only work we did was in 1987 on
licensing issues related to launches, and then it disappeared from the radar screen of the OECD. As you
know, we have 30 member countries that are among
the most industrialized in the world. We think this
would be a good window of opportunity to maintain
the interest of the OECD governments and also to try
to be helpful to add to what other organizations are
doing.
Thank you very much.
* Note: Since the “Humans and Space: The Next Thousand Years” workshop was held, the OECD Global
Forum on Space Economics was launched in 2006.
(See www.oecd.org/futures.)
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