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Preface

This anthology examines the Interstellar question —i.e. the idea that we may one day live
beyond the world we know and settle distant planets. A challenge on this scale requires not
only vision, but multiple voices for the acknowledgment of complexity and contradic-
tions. These are inherent in the quest. Taking a multidisciplinary and cultural view of the
challenge, the book accordingly seeks to provide a form of cultural catalysis by which an
interstellar culture may be seeded (it is, in other words, emphatically not a technical
manual seeking to offer formal solutions to particular problems). To address such ambi-
tions, the book has been divided into two main sections — Part I and II — in which differing
conventions of writing have been deployed.

Part I, written by Rachel Armstrong, proposes a new age of space exploration based on
an ecological perspective of the cosmos. It is this that will create the conditions for inhab-
iting starships and, ultimately, new worlds. Drawing on her leadership of the Persephone
Project, this section adopts an experimental, yet testable, and inclusive approach to con-
structing a livable and self-sustaining starship. Persephone is part of the Icarus Interstellar
group’s portfolio of work — an international consortium of aerospace engineers aiming to
construct a starship research platform in Earth’s orbit within the next hundred years. This
means a series of Earth-bound experiments are being detailed through a wide range of
laboratory types that inform us about how we live with and design ecosystems on this
planet — and beyond.

Part II, which is edited by Rachel Armstrong, introduces other voices to explore the
Interstellar Question. The editor’s aim here has been to create a productive interplay
between differing perspectives and disciplinary backgrounds via themed, multi-author
chapters. These are organized into, sections, presenting distinct viewpoints for examining
the Interstellar Question. Topics include: the interstellar mission (Andreas C. Tziolas,
Nathan Morrison, Esther M. Armstrong), space ecology (Michael N. Mautner, Simon
Park), (Barbara Imhof, Peter Weiss, Angelo Vermeulen; Astudio — Emma Flynn, Richard
Hyams, Christian Kerrigan, Max Rengifo; Susmita Mohanty, Sue Fairburn), space bodies
(Kevin Warwick, Arne Hendriks, Rachel Armstrong, Sarah Jane Pell), connecting with the
divine and the sacred and becoming cosmically conscious (Steve Fuller, Roberto Chiotti,
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Krists Ernstsons), constructing worlds (Jordan Geiger, Mark Morris) and interstellar
research methodologies (Rolf Hughes, Rachel Armstrong). The unconventional structure
explores how different perspectives must be brought into a productive dialogue when
considering the fundamental principles for inhabiting space. If, as a result, the book
resembles a Tower of Babel for the space age, this is a design choice that invites us to
address our innate diversity. Readers are invited to reflect on what these different perspec-
tives mean for a coherent approach to settling environments far, far beyond the familiar
planet we call (for now) “home”.
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The Interstellar Question: an ecological view

Rachel Armstrong
This chapter discusses a vision and context for the Interstellar Question.

1.1 Philosophy of “space”

For a place that we barely know, we talk about “space” with a fair degree of confidence.

This is not surprising—we are, after all, surrounded by space. We see it every night,
gazing down on us through billions upon billions of winking stars. As soon as we could
imagine, we’ve asked ourselves how we might live among these stars. In dreaming of its
vast potential, we have answered this question in different ways.

In ancient times, space was a place for immortals, ancestors, and beings with magical
powers. With the advent of the Enlightenment as Medieval belief-based systems of think-
ing were replaced by rationality, Galileo Galilei and Isaac Newton gave us the concept of
planetary orbits as mechanical systems, whereby we imagined ourselves orbiting the Sun.
Later, with the advent of the Industrial Revolution, flying machines escaped Earth’s gravi-
tational pull and enabled us to tread a pathway from the imagination towards the horizons
of possibility. Today, powerful vehicles ferry us beyond our planetary domain—Iliving in
space has become a reality.

With experiments conducted within the sealed environment of our first orbital house,
the International Space Station (ISS), we have started to discover just a little about what it
means to dwell in a non-terrestrial habitat.

But this is not the limit of our experience of space, as we have extended our senses
through the visualization systems of robots into the Solar System. We now receive images
that we can layer on to these models of space. They are not “reality” as such, but ideas,
images, and proposals overlaid on concepts, which are not (and cannot be) mediated
directly through our senses. As wonderful as it may be to “see” the bitterly harsh terrains
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of Mars through the eyes of rovers and New Horizon’s survey of Pluto, it’s an experience
that is very different from actually trying to live there.

So how do we know what we know about space? On what basis do we construct our
ideas about the world, the cosmos, and the way in which its perceived reality unfolds?
Crucially, how can we maintain a critical understanding of the assumptions that we accept
as being truths, so that we can continue to evaluate, develop, and even inhabit them?

Such questions underpin the concepts that construct our philosophical understanding of
our own world as well as other spaces. Can we, for example, expect the same principles of
material interaction to operate in non-terrestrial locations as they do here on Earth? As we
know, the way we think shapes our horizons of expectation and underpins how we imagine
unfolding events. Ultimately, a philosophy of space enables us to create innovative living
experiences that relate terrestrial and alien landscapes.

This reflection on contemporary conceptions of “space” is the subject of this book. It is
examined, explored, and exemplified through a project called Persephone, which is part of
the Icarus Interstellar portfolio of projects that propose to construct a starship research
platform in orbit within 100 years.

This book is therefore a creative engagement with a broad range of ideas that seek to influ-
ence the way we think about space—as an evolution of scientific ideas, for example, and as
technologies that may shape our modes of living or experiencing. The concern is less with
degrees of virtuosity in describing non-terrestrial environments, or the construction of mega-
structures, and more with curating those values and ideas that may inform how we live together.

And, yet, to do this critically requires us to confront, dissolve, and potentially resynthe-
size some of our most deeply held preconceptions. In embarking on extended, unbounded,
and strategic disorientations of our senses—and the kinds of knowledge that we take for
granted—we should seek to open up new potentialities within the unknown and unex-
plored reaches of space. This would ask us to connect with our deepest desires and ambi-
tions, to engage with our intuitions, so that we can revisit our aspirations and dreams. Who
are we? And what is the purpose of our existence?

Ultimately, these visions may help us to conjure up new ways of working and con-
structing alternative modes of existence, which open up the possibility of inhabiting ter-
rains that are currently inaccessible to us.

That a philosophical approach to the future of space exploration and colonization
should stray into the realm of fiction is hardly surprising—our first starship has not yet
been built. This book therefore proposes to create a space for a diverse range of narratives
and ideas to shape our conversations about human space exploration. It is also anticipated
that readers will differ in their reactions to the multiple ideas and perspectives shared in
this book, in which conversation—not consensus—is sought. Of course, when we eventu-
ally construct a habitat, we must find modes of working that enable us to reach agreement
on what we are doing—but that is not the same as expecting everyone’s perspective to be
homogenous—nor to conform to any particular form of knowledge, or creed.

Indeed, the current publication should be read as an experiment into different modes of
thinking concerning topics that are so vast, complex, heterogeneous, or shaped by so many
contingencies that they require us to work with our differences to the extent that we can
ultimately co-imagine experiences in those terrains best described as “unknowns.”

Such a synthesis of ideas is well encapsulated by an ancient parable from the Far East,
which describes the consternation that a group of learned men experience when encounter-
ing a specific natural phenomenon for the first time. All observers have an incomplete
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view of the subject owing to a preferred perspective. Since they are all holding a different
part of the elephant, they describe the nature of the beast depending upon where they
touch, likening it to a rope, a snake, a tree, a spear, a wall, or a fan. Ultimately, their obser-
vations are all correct in some ways and completely wrong in others:

“It was six men of Indostan

To learning much inclined,

Who went to see the Elephant
(Though all of them were blind),
That each by observation

Might satisfy his mind.

The First approached the Elephant,
And happening to fall

Against his broad and sturdy side,
At once began to bawl:

‘God bless me! but the Elephant

Is very like a WALL!’

The Second, feeling of the tusk,
Cried, ‘Ho, what have we here,

So very round and smooth and sharp?
To me’tis mighty clear

This wonder of an Elephant

Is very like a SPEAR!’

The Third approached the animal,
And happening to take

The squirming trunk within his hands,
Thus boldly up and spake:

‘I see,” quoth he, ‘the Elephant

Is very like a SNAKE!’

The Fourth reached out an eager hand,
And felt about the knee

‘What most this wondrous beast is like
Is mighty plain,” quoth he:

“’Tis clear enough the Elephant

Is very like a TREE!

The Fifth, who chanced to touch the ear,
Said: ‘E’en the blindest man

Can tell what this resembles most;
Deny the fact who can,

This marvel of an Elephant

Is very like a FAN!

The Sixth no sooner had begun
About the beast to grope,
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Than seizing on the swinging tail
That fell within his scope,

‘I see,” quoth he, ‘the Elephant
Is very like a ROPE!”

And so these men of Indostan

Disputed loud and long,

Each in his own opinion

Exceeding stiff and strong,

Though each was partly in the right,

And all were in the wrong!” (John Godfrey Saxe (1816—-87), The Blind Men and the
Elephant)”

This book similarly seeks to remind us that—as citizens of a late modern era—there are
certain latent assumptions we make that are the equivalent of the “elephants in the room.”
The essays that follow accordingly try to re-engage with, and re-describe, some of the
bewildering elements of this thing we call space, while acknowledging that this is only one
start. The thing we call space remains —thankfully —both largely unchartered and inacces-
sible to our current imaginations.

1.2 Prototyping the Interstellar Question

The Interstellar Question —whether humankind will ever colonize the stars—is not about
business as usual in a place that is just a very long way away.

It is also not a typical question that can be broken down into a finite set of soluble steps. It
is more of a conundrum, or manifold that harbors many overlapping and related concepts,
which change with context and over time. These are often dissected using the sharp instru-
ments of modern analysis and lead to a mismatch between the nature of the question and the
instruments of its validation. Consequently, the Interstellar Question invites much skepticism.

An example of high modern criticism — which positions science and technology as cen-
tral to human endeavor—is Nick Beckstead’s blog from the Future of Humanity Institute in
Oxford. He reviewed the starship question in relation to existential risk —the study of human
extinction-level risks that may emerge from technological advances, in which this organiza-
tion is invested. He is interested in rejecting the claim that there is a reasonable chance of
colonizing space in the future. If humanity can actually escape the threat of extinction, then
it is less pressing to take the Future of Humanity concerns so seriously. During his survey,
he makes some insightful comments about interstellar exploration (Beckstead 2014).

Beckstead notes that most authors writing about the Interstellar Question already
believe it is possible, which results in bias, as a foregone conclusion leads to a lack of criti-
cal debate among experts. He claims that starship advocates tend not to go into great detail
with their proposals and also fail to engage with relevant counterarguments.

Beckstead identifies six phases of development whose technological integrity can chal-
lenge the starship question, where potential advances in artificial intelligence (AI), robot-
ics, manufacturing, and propulsion technology could overcome the obstacles implicit in
each of these stages. Further analysis could anticipate the relevant, necessary advances in
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Al, robotics, manufacturing, and propulsion technology as an investable road map that
would take the project toward realization:

. colonize (interplanetary) space;

. resources to build a civilization into a starship;

. propulsion technology;

. enough provisions to keep a civilization intact during the voyage;
. slow the starship down at target location (exoplanet);

. build a civilization at the target location.

AN AW~

Interestingly, Beckstead observes there are no major voices insisting on the fallacy of
the enterprise. Notably, the question has had high-profile coverage by commentators such
as Stephen Hawking. If persuasive counterarguments existed, then the publicity surround-
ing the debate would have already brought them to the fore. Prominent critics like Charles
Stross, whom Beckstead suggests makes the strongest counterarguments, also pulls his
punches from completely killing the idea. He concedes that the interstellar ambition will
eventually be accomplished with the relevant advanced Al and robotics.

Beckstead’s observations are typical of a dominant discourse. He places a definable
boundary around the challenge and takes an Occam’s razor to the Interstellar Question,
breaking it down into solvable steps. The interpretation becomes something like: Do we
have the industrial capabilities to successfully settle an exoplanet today? The current
answer to this highly reduced question is “no.” We are simply not set up to do this.

Given that this is the Future of Humanity Institute making the analysis, it is also pos-
sible to add a secondary question—that if it is not possible today, then when is success
likely? The response to this contingency is “we don’t know,” although there is a spectrum
of opinions on when and how this may be possible.

Beckstead adopts a deterministic viewpoint that assumes the answers to the question
are calculable, or finite. Of course, this seems like a good idea, as nobody wants to invest
significantly in a project that is doomed from the outset. Yet, the Interstellar Question
depends upon so many contingencies that are unknowable in the anticipated timescales
involved that it cannot possibly address or control for all variables. For example, it does
not allow for radical breakthroughs in scientific research and development, or the discov-
ery of characteristics of space that could significantly alter the chances success of an out-
come, such as discovering an Earth-like planet in the Centaurus constellation, in which
Alpha is the brightest (binary) star.

According to Beckstead, the feasibility of the enterprise rests on our capacity to make
appropriate technical advances and their implied existential risks of extinction, where
humans and machines are the only players in the outcome. Yet, the characteristics of space
itself may also contribute to being able to travel to another star system, such as the discov-
ery of wormholes, which are theoretical tunnels through the fabric of space-time that could
potentially allow rapid travel between widely separated points—from one galaxy to
another, for example, as depicted in Christopher Nolan’s 2014 movie release Interstellar.

A current understanding of technological advances is assumed. This is the approach
that Gerard O’Neill took in designing off-world colonies. Again, there is nothing wrong
with this perspective, as it lends credibility to the venture by making direct reference to the
latest findings. However, it does not acknowledge what Kevin Kelly describes as
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concurrent landscapes of technical evolution. These create the context in which a break-
through technology suddenly seems to appear (Kelly 2010). Specifically, the motorcar
revolution would not have been possible without simultaneous advances in petrochemical
engineering or the construction of highways. Of course, we have the opportunity to address
these developments in the second part of the question and consider how, for example, we
might first become an interplanetary civilization but, until the “radical” technology
emerges, we cannot be sure, in the present, what the relevance of specific “landscape”
innovations may be.

Whether we will one day live among the stars is a very old question indeed. It is not just
simply about technical accomplishment. It is highly contingent on who we are, what we
aspire to, and also on unfolding events such as economic investment, natural disaster, or
political agendas. Nor can it be addressed by a single discipline. In addition to the practical
feasibility of technical challenges, the Interstellar Question provokes many existential
challenges from the nature of humanity to our understanding of the cosmos. Over the mil-
lennia, a variety of solutions to the Interstellar Question have been proposed. Currently,
we prioritize technical approaches. Yet, the variety of ideas that we share about our future
among the stars suggests the protean nature of this question and invites us to be more
diverse, collaborative, and expansive in our expectations.

While the Future of Humanity analysis interprets the Interstellar Question through the
lens of high modernism, this is not the only possible way in which the challenge can be read.

The Interstellar Question embraces many kinds of concepts, whose causalities are not
fixed, which exist at different times and scales.

Perhaps an analogy can be made to quantum physics, where a fundamental split
between the world we see around us and its quantum underpinnings can be observed dur-
ing the course of experiments. For example, the two-slit experiment demonstrates the
paradox that light and matter can display the characteristics of both classically defined
waves and particles (Al-Khalili and McFadden 2014, pp. 105-118):

“Quantum mechanics does in fact provide us with a perfectly logical explanation of
this phenomenon; but it is only an explanation of what we observe —the result of an
experiment—not what is going on when we’re not looking. But since all we have to
go on is what we can see and measure, maybe it makes no sense to ask for more.
How can we assess the legitimacy or truth of an account of a phenomenon that we
can never, even in principle, check? As soon as we try, we alter the outcome.”
(Al-Khalili and McFadden 2014, p. 115)

Stuart Kauffman refers to this kind of question as being one in which “phase space is
changing in ways that we can’t pre-state” (Kauffman 2012). In other words, the Interstellar
Question is so large, complex, and contingent that it is actually evolving. We may call this
“black-sky thinking.”

So, since we are actually living in a high modern era, how can we open up our range of
perspectives?

Space is a screen into which our ideas are projected. Since the Space Age, we have held
a largely industrial view of our civilization, which shapes our expectations. Existing space
pioneers cite activities such as mining and communications enterprises as being justifica-
tions for brave new forays. Yet, we are living in very exciting and confusing times, in
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which we are moving away from an industrial age of development and toward an ecologi-
cal view of reality. The growing realization that our species is not simply an isolated body,
but deeply entangled in and dependent on its ecosystems, is changing the way in which we
live on Earth and, by implication, the way we address the Interstellar Question.

An ecological perspective no longer finds it acceptable to simplify the challenge into a
dance of mutual survival between human and machine. Rather, the issues at stake must first
be understood through a reading of the cosmos as an ecosystem and working through mul-
tiple, overlapping perspectives and includes science, technology, the arts, and humanities.

This requires us to be able to coherently embrace a range of overlapping and sometimes
contradictory sets of ideas. It is not about exchanging one dominant model of reality for
another. Rather, it is about finding opportunity in the spaces that lie between these differ-
ing worldviews.

The literature that begins to describe this perspective exists in science-fiction novels
such as Kim Stanley Robinson’s 2009 Green Mars (2009) (terraforming) and Aurora (2016)
(worldship). Within these thought experiments, we are still shaping the kinds of questions
that are relevant to these third-millennium challenges. They are no longer concerned with
the atomic control of matter, but with synthesizing life and increasing the complexity of
environments. These perspectives help us survive even the most extreme environments.

Indeed, we have not fully addressed these challenges on our own planet: notably, we
cannot build ecosystems from scratch, despite millennia of gardening them, so the research
and discoveries that we are currently making will certainly reflect back on our expecta-
tions of non-terrestrial civilizations and what they may need to settle new territories. The
tools, methods, and materials that will enable us to do so do not yet exist, but they are not
hypothetical. They are still emerging, and we do not yet understand all the possible choices
they have to offer. These findings will not just affect our ideas about why and how we
might travel into interstellar space, but also how we can persist and potentially thrive in
ecologically barren terrains, including our own planet.

When considered from an ecological perspective, the Interstellar Question is no longer
a challenge posed for human and machine, but invokes new ideas about the broader com-
munity and set of conditions for life.

Yet, there is another twist to the Interstellar Question.

To date, the challenge of making grand proposals for starship blueprints has largely
been addressed by enthusiasts and theorists, such as Freeman Dyson, and professionals,
such as Alan Bond and Tony Martin. These generally explore the physics of the cosmos,
knowledge of engineering practices, and projections for future possible forms of exis-
tence. Yet, even from the most rational perspectives, these designs make significant
assumptions that may take them from concept to reality, such as the propulsion systems
available, the existence of certain technologies, or that an industrially based interplanetary
society has already been established.

Since possible future events shape the outcomes of the Interstellar Question in unpre-
dictable ways, science fiction has served as a critical literary prototyping instrument for a
range of possibilities. Proposals range from the classical Starship Enterprise to the organic
vessel Lexx, and even advanced intelligences, as depicted in Ian M. Banks’s “The Culture.”
However, it is now possible to go beyond thought experiments and actually explore a range
of physical systems by interrogating ideas through small-scale prototypes that help us to
address the Interstellar Question in new ways.



