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INTRODUCTION

IN NOVEMBER 2018, NATURE FEATURED SOME SENSATIONAL NEWS: ‘FIRST
sun-dimming experiment will test a way to cool Earth’ The article talks about
a project called Stratospheric Controlled Perturbation Experiment — ScoPEx,
for short — a scientific experiment in development at Harvard University.
Underneath the headline, the story is illustrated by a photograph. The picture
invites us into a Harvard lab to meet ScoPEX’s creators. Our view of the team
of researchers is partially obstructed by cables and machinery, literally framing

the scientists with techno-scientific hardware. The story begins:

Zhen Dai holds up a small glass tube coated with a white powder: calcium
carbonate, a ubiquitous compound used in everything from paper and
cement to toothpaste and cake mixes. ... The question ... is whether this
innocuous substance could also help humanity to relieve the ultimate case
ofindigestion: global warming caused by greenhouse-gas pollution. The idea
is simple: spray a bunch of particles into the stratosphere, and they will cool

the planet by reflecting some of the Sun’s rays back into space.!

The article introduces us to ‘a broader class of planet-cooling schemes ... that
have long generated intense debate and, in some cases, fear’: so-called climate
engineering or geoengineering measures.” The text quickly pushes us down the
rabbit hole that lingers beneath this controversial set of labels. On the one hand,
the article is about a balloon that would squirt out a substance, usually found
in ‘everything from paper [ ... ] to cake mixes’ It describes a harmless scientific
experiment, exploring an ‘innocuous’ chemical substance. On the other hand,

the text suggests quite the grand mission. It promises the first ‘sun-dimming
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ENGINEERING THE CLIMATE

experiment), testing nothing less than a way ‘to cool Earth’ It talks about a
‘thermostat’ to counteract dangerous global warming. It discusses a new remedy
against global warming, offering some much-needed relief for the future of
humanity by tackling one of the most pressing challenges of our time.

This Nature feature thus confronts us with two somewhat conflicting faces of
climate engineering — one light-hearted, one grave. These two faces of climate
engineering are further illustrated by the self-descriptions of the researchers, as
featured later in the article. Dai, on the one hand, is quoted as ‘not stress[ing]’
about the critique of this research: T'm studying a chemical substance [... ]
It’s not like it’s a nuclear bomb’ Frank Keutsch, in contrast, is described as
‘a reluctant geoengineer’ He engages with climate engineering research as
‘he worries about where humanity is heading, and what that means for his
children’s future’.

If we dig a bit deeper into the world of climate engineering, the picture only
gets more complicated. Almost a decade prior to the publication of the Nature
piece, in October 2010, the public was similarly prepared for ‘the first field test
of a geoengineering technology’ — this time in the UK.’ Back then, it was the
Stratospheric Particle Injection for Climate Engineering project — SPICE, for
short — which had sought to ‘move solar geoengineering out of the lab’* The
project proposed a small field study to test the technical feasibility of a bal-
loon deployment system which was initially scheduled for 2012 in Norfolk,
England. In this case, too, two seemingly contradictory perspectives clash in an
effort to make sense of the planned experiment: In one version, SPICE would
have been the first climate engineering outdoor experiment; in another, it
would have entailed pumping ‘some water — no more than it would take to fill
a child’s paddling pool’ through a kilometre-long hose and produce a cloud of
fine mist.> Due to public protest and internal issues, the experiment eventually
had to be cancelled.

Another two years earlier, in 2008, meteorologist Yuri Izrael and colleagues
conducted a climate engineering experiment just outside Moscow. The sci-
entists installed generators aboard helicopters to spray sulphuric aerosol into
the troposphere. The team then measured ‘basic meteorological variables in

the surface atmosphere (stratification, temperature, air humidity, and wind
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INTRODUCTION

speed) and microphysical and optical characteristics of aerosol particles’
Izrael and his team concluded that they had ‘shown how it is principally
possible to control solar radiation passing through artificially created aerosol
formations in the atmosphere with different optical thickness’ The scientists
published their findings in two papers. While the publication that reported
the first part of the experiment did not connect the project explicitly to solar
geoengineering, the one that reported the second part of the experiments
did do so.”

Now, if we continue our search a bit further, the picture gets even more
complicated. Not only do we find that there have been a bunch of field studies,
experiments, and demonstration facilities that are directly relevant to climate
engineering research — some of which date all the way back to the 1990s. But
we find that there is, in fact for years now, a variety of research projects being
conducted on the potential to deliberately intervene in and control the Earth’s
climate. These projects range from modelling studies and computer simula-
tions to social scientific, economic, and ethical research. Part of this research
attracted little in the way of controversy as it was simply conducted under dif-
ferent labels; it was not called climate engineering. And part of this research
was deemed unproblematic as it was theoretical and conducted ‘inside’® Phil
Willis, Chairman of the UK Science Committee illustrated this latter point in
2009 when he stated that the British government ‘wholeheartedly supports’ any
‘research that uses computers to model the impact of geoengineering technolo-
gies’ That research, with ‘a real impact on the wider climate’, however, should be
subjected to international regulation.” This implicit heuristic of climate engi-
neering research raises the question of exactly what ontological line is crossed
between lab and field, between ‘indoor” and ‘outdoor’? How is ‘curiosity-driven
indoor research’ unproblematic, irrespective ofits particular intent or purpose,
and yet, ‘outdoor research’ is deemed ‘unethical’ without the necessary regula-
tion?' Where does climate engineering move from theory to ‘real world’? How
can one even conceive of the ‘real impact’ of research?

These questions and examples begin to show just how difficult it is to pre-
cisely grasp what climate engineering is. The current status of climate engineer-

ing, particularly as it is portrayed to the public, seems to oscillate between two
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ENGINEERING THE CLIMATE

extremes. On the one hand, climate engineering is presented as ‘just’ research:
itis not really existent yet, and therefore seems harmless. On the other hand, it
is envisioned in its future reality as a ‘global thermostat’, a serious and almost
miraculous tool, bringing about grave societal consequences and therefore
raising fundamental normative questions."'

These two extremes seem to neatly separate the science of climate engineering
from its politics, giving each its own place in time: today, climate engineering
extends to nothing more than harmless science, but in the future, it will funda-
mentally change the politics of climate change. Narratives that use these extremes
separate science and politics, only to connect the two in a linear fashion: scientific
research supposedly creates the base for political decisions that might then be
taken at some point in the future. The director of a national research labora-
tory in the United States which was recently awarded federal funds to explore
the merit of climate engineering told the Scientific American, ‘one of the things
I'm interested in doing is let’s separate the science out’ The director engages
here in what Stephen Hilgartner (referring to Bruno Latour) has described as
akey role of science advice. That is, he seems to be seeking to ‘purify’ the issue
of climate engineering from its political components.'* Following this line of
reasoning, the director emphasised that the support for this research should
not be mistaken with policy-level approval of such measures. According to the
magazine, the goal is rather ‘to give policymakers a clear view of how a hurry-up
bid to save the planet would work’!?

Typically, the questions that dominate public debate around climate engi-
neering, therefore, go something like this: will it actually be possible? What is
the research that we will need to be able to answer this question? How could we
‘test’ this technology without actually deploying it?> Would such a thermostat
be ethical? Who would control this thermostat? Which regulatory frameworks
are in place to govern it and with which consequences?

With this book, I want to suggest a change in perspective. While questions
like these are obviously important, they run the risk of steering attention away
from what is at stake, which is the very essence of the proposed technology.
To use the often-invoked metaphor of the global thermostat, what is at stake

here is not merely the shape and form, but the very existence, the making and
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INTRODUCTION

assembling, of this thermostat. Instead of debating the implications and conse-
quences of this techno-political project, this book unpacks its genesis and seeks
to understand how we got here in the first place. This book traces how we got
to make sense of and problematise climate change in this particular manner;
it unpacks how this vision to engineer the climate has and continues to unfold
its saliency and meaning.'*

Climate engineering is not a sun shield, ready to be wielded by politicians.
Most of the approaches being discussed do not exist as ready-to-be-deployed
or even ready-to-be-tested tools, as technologies merely awaiting the push of a
button. Notions such as ‘global thermostats’ or ‘sun dimming experiments’ are
problematic in this sense and have been rightfully criticised in recent years. Yet,
the alternative suggestion — that climate engineering is ‘just research’ — equally
misses the point.

Since at least 2009, climate engineering has incrementally arrived on politi-
cal agendas at local, national, and transnational levels."> State and non-state
actors around the globe have begun to consider such measures in various ways.
Private investors and energy companies, too, have pushed the development of
approaches to effectively remove carbon dioxide from the atmosphere and are
seeking ways to commercialise such technologies. In a widely-publicised move,
Elon Musk, for example, announced ‘the largest incentive prize in history’ in
January 2021 — the XPRIZE Carbon Removal initiative. With this initiative,
Musk is promising $100 million for whomever can come up with ‘real systems’
that are able to permanently remove CO, from the atmosphere. XPRIZE
describes its efforts as seeking to ‘tackl[e] the biggest threat facing humanity -
fighting climate change [ ... ]}

Aside from efforts to commercialise and develop climate engineering tech-
nologies, we can observe how these approaches are beginning to become insti-
tutionalised as standard means to counteract global warming at the international
level. Since 2018, the United States, for example, initiated efforts to integrate
‘climate coolants’ into the International Standardization Organization (ISO) as
away to offset greenhouse gas emissions. This was a highly controversial effort
to normalise solar climate engineering measures in order to mitigate global

warming. In addition, the United Nation’s Intergovernmental Panel on Climate
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Change (IPCC) increasingly incorporates climate engineering approaches into
its climate change scenarios."’

Finally, and maybe most significantly, governments around the world have
begun to establish research and development programs for a number of years
now. The United Kingdom, the United States, and Germany have been most
active in this context with government authorities conducting official inquir-
ies into the issue of climate engineering since around 2009. As we will see in
more detail in Chapter 2, the United States initiated its official exploration of
the controversial topic in 2009 together with the UK, and shared witnesses
and insights about their respective assessments. Germany followed suit when
representatives brought the issue up during parliamentary debates in 2011 and
2012. Since then, climate engineering has spread into policy agendas around
the globe.

In 2013, the Russian government attracted controversial media attention
when leaked documents suggested that it had urged the IPCC to include the
controversial measures into the organisation’s much-anticipated fifth assess-
ment report on the status of climate change science and expertise. Since
2018, both the Indian and the Chinese government have developed climate
engineering programs. Examining both the physical mechanisms and the
governance implications of these measures, the Chinese Ministry of Science
and Technology initiated what has been characterised as one of the world’s
largest state-funded climate engineering research programs at Beijing Normal
University. And in March 2020, Australia conducted a cloud-brightening experi-
ment off Queensland to test if ocean cooling mechanisms could serve to save
the Great Barrier Reef."

In the face of these developments, the question is how might we gain a better
and more meaningful understanding of climate engineering, one that goes
beyond false dichotomies of science versus politics, theory versus real world,
indoor versus outdoor research, and the choicelessness of prescribed futures?
As the examples introduced so far begin to show, climate engineering is being
developed across a large geographical scale, although not necessarily in oceans
and atmospheres (yet), but rather in geographically distant spaces of political

decision making. The often-invoked binaries precisely seem to miss this point.
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Itis not only ‘outdoor experiments’ that are able to ‘change the world’."” Beyond
‘just research, beyond particle flows, beyond the mere ‘dispersion of material
in the environment’,” climate engineering is gaining political traction and has
concrete political impacts. It is beginning to take concrete shape; it is being
assembled and installed, fine-tuned and mounted as a potential policy measure,
and as a controversial tool for counteracting anthropogenic climate change.
To properly grasp and engage with this reality of climate engineering, we
need to understand how it came to be. In other words, to decide if and how to
move forward, we need to understand how we got here. Instead of essentialising
climate engineering as either ‘just research’ or a miraculous tool, we need to take
alook back. We need to understand how climate engineering became what it is
today, how it became assembled in its current form, how it became established
as a potential policy tool, and how it became a controversial response measure to
the issue of global warming. This book seeks to contribute to current debates over
climate engineering by unpacking its genesis. It is about the ‘career’ of climate

engineering in the United States, from curious scientific idea to serious politics.

RE-CONTEXTUALISING THE RISE OF CLIMATE ENGINEERING:
THE ARGUMENT IN A NUTSHELL

The current debate over climate engineering generally concerns two broader sets
of technological concepts. On the one hand, so-called carbon dioxide removal
(CDR) approaches seek to counteract climate change by sucking CO, from
the atmosphere. On the other, so-called solar radiation management (SRM)
measures aim to counteract climate change by reflecting incoming sunlight
back to space.”' We will come back to the technical intricacies and definitional
struggles over these approaches in Chapter 2. Exactly how these efforts are
categorised and labelled are precisely part of the story of this book. For now, I
simply want to emphasise that the umbrella terms of climate- or geoengineering
bundle together a wide variety of research contexts in their differently articulated
promise to fundamentally alter the politics of climate change. These labels are
not primarily ‘scientific’; they do not match disciplinary boundaries or follow

methodological approaches. In fact, they have been criticised in this respect on
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many fronts.** Instead, these labels become meaningful and are subject to heated
debate as they bind various lines of scientific inquiry to the societal challenge of
tackling climate change. The definitional struggles over what climate engineer-
ing s, can, or should be, calibrate this relation of scientific inquiry and political
intervention, with each emphasising different sides or aspects of this charged
relation. Umbrella terms such as climate engineering or geoengineering might
not make a lot of sense from a technical point of view, but their controversial
status precisely shows what is at stake here. These definitional struggles hint to a
relationship between science and politics that is much more complex than what
idealist models of advisor and decision-maker would suggest. In the emerging
debate over climate engineering, science does not merely figure as a neutral
evidence base for politics; it does not simply prepare a difficult political decision
with positive facts. Instead, science and politics are coupled ‘upstream’ That is,
they are linked in the very formulation of climate engineering as a potential
measure to counteract climate change.

So, returning to my point from before, the important question then becomes,
how did we get here? How did climate engineering earn a spot in climate policy
agendas despite enormous scientific complexities and fierce political contesta-
tion? And, more generally, what can we learn from this case about the relation-
ship between science and politics in modern society?

This book explains the conflicted status of climate engineering today with
historically grown alliances between climate science and politics. It describes
the emergence of climate engineering as a story of the political cultivation of
climate science for the state. Over the course of the following chapters, I will
unpack the historical genesis and ‘career’ of climate engineering as a controversial
policy tool along two dimensions. On the one hand, we will see that the career of
climate engineering evolves along historically particular settings of problematis-
ing and making sense of climatic change. It corresponds, in other words, to the
contingent history of climatic change as a societal problem. On the other hand,
we will see how these historically particular settings of problematising climatic
change directly relate to shifting alliances between climate science and the state.
That means that the career of climate engineering unfolds along respectively

changing roles of climate expertise within the state.
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This perspective thus re-contextualises the history of climate engineering
within the bigger history of political efforts to cultivate climate science for the
state. It suggests that what we today discuss as climate engineering has historically
served as a continuous, yet shape-shifting node, effectively linking scientific to
political agendas. In so doing, this perspective emphasises just how interrelated
efforts to understand and efforts to govern, even control, the climate have been.

I approach this account from two angles by connecting insights from histori-
cal scholarship with perspectives from science studies and historical sociology.
On the one hand, I draw from historical analyses to demonstrate that the recent
rise of climate engineering as a controversial last resort measure or ‘Plan B’ against
dangerous climate change is only the latest chapter in a much longer standing
career of efforts to intervene in, modify, and even control the Earth’s climate.
This career bundles the disparate histories of various technological concepts
and scientific insights, sprouting in different contexts and times, under different
labels, serving different political purposes. On the other hand, I zoom into the
recent debate over climate engineering in US politics. I trace how these measures
arrived on the US political agenda around 2009 as a potential approach against
anthropogenic climate change. By following these debates through the concrete
arenas of climate policy making, I seek to unpack how science and politics pre-
cisely connect to one another in the making of this controversial policy tool. With
this analysis, the book suggests that what is at stake in this debate over climate
engineering is just as much a political vision as a scientific project. Looming
large in this debate are thus different visions for the role of science in address-
ing one of the most pressing challenges of our time. Unpacking the historically
grown role of science in both defining and tackling this issue is essential for
enabling a meaningful debate over what this role should look like in the future.
There was, and there will be, no point zero at which decision-makers will take
an informed decision on how to proceed. As much as politics might sometimes
allude to external urgencies that force our hands, climate engineering was not
infused into the political process by the external urgency of dangerous climate
change. It arrived here from within: this particular vision of making sense of
and responding to climatic change has a historical legacy and system. It is the

result of established and cultivated science-politics alliances.
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SCIENCE, POLITICS, AND THE CAREER OF CLIMATE ENGI-
NEERING: THE ANALYTICAL FRAMEWORK

In the following, I briefly introduce the central concepts that guide this book’s
analysis. I explain what I mean by the notion of the ‘career’ of climate engineer-
ing, what this conceptual take implies for the study of scientific expertise in

politics, and what data the following analysis rests on.

Dissecting the ‘career’ of climate engineering

This book unpacks how we got here. It seeks to understand how climate engi-
neering arrived on mainstream climate policy agendas and how it became estab-
lished as a controversial policy tool against global warming. To do so, the book
follows climate engineering on its turbulent journey at the interface of science
and politics; it traces, in short, what I call the ‘career’ of climate engineering.
This notion of the ‘career’ of climate engineering, first of all, marks a particular
choice of perspective. It suggests a distinct methodological approach to climate
engineering as the object of this study. Deciding what climate engineering is,
is far from straightforward as we have seen at the outset of this introduction.
Writing a book on its career in this sense means to work with this ambiguity.
This book chooses as its starting point a set of distinct contexts and arenas
in which climate engineering has taken concrete shape as a potential policy tool
against global warming to then unpack how it came to be assembled precisely
as such: what kinds of experts and actors were relevant in devising this policy
tool? What kinds of expertise, what kinds of global political and historical
contexts, and what kinds of observational devices and policy programs were
at play here? This perspective gives climate engineering a life of its own, so to
speak. Connecting to Gil Eyal’s call, For a Sociology of Expertise, retracing this
career of climate engineering entails ‘a history without a protagonist™ in the
sense that it is not primarily the story of a group of individuals or experts, but
instead one that places the historical emergence and trajectory of these meas-
ures as policy tools front and centre. Instead of asking how a certain group of

experts managed to push climate engineering into the political limelight, this
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book rather asks how the suggestion of climate engineering managed to push a
certain group of experts into the political limelight. The idea, in short, is to give
this notion of climate engineering a kind of historical agency for itself and to
ask how this notion in its current shape and form has gained political traction,
how it has bound scientific to political agendas, and how it has made certain
people into experts and certain modes of observing the world into expertise.

The theoretical point, then, is not to contrast real and objective issues with
socially constructed ones. I do not wish to show that the issue of climate change
or the suggested response of climate engineering is ‘constructed’ at its core,
whatever that might mean.”* Instead, the point is to qualify how climate change
came to be seen and understood as an issue that would lend itself to deliberate
climatological intervention and control. Following a point made by Bentley
Allen, the point is to understand how climate change became ‘assembled™® in
the political realm as an issue of techno-scientific intervention and control and
how this particular gaze onto the issue has defined shifting alliances between
climate science and the state.

This perspective on the career of climate engineering then secondly implies
aparticular approach to studying the interrelation between science and politics.
The analysis in this book connects scholarship on the emergence of societal
issues and the making of governance objects with insights from the sociology
of expertise, science studies, and science and technology studies (STS).* The
book traces the career of climate engineering by asking how these measures
have historically linked scientific and political agendas. The career of climate
engineering thus serves as a prism for the diverse and historically particular
alliances between science and politics that have eventually brought forth this
controversial response measure. As we will see throughout the following chap-
ters, the dynamic trajectory of this response measure challenges linear conceptu-
alisations of the science-politics nexus and instead emphasises reciprocity. This
trajectory is neither shaped primarily by political will — for example, because
politicians decide a certain issue or response measure is, or is not, of particular
relevance — nor does it strictly follow the scientific ‘discovery’ of new puzzles
and problems. Instead, the approach developed over the course of this book

demonstrates that the recent rise of climate engineering has linked science and
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politics reflexively; it shows how the formulation of both problem and response
has emerged from the mutual interdependence of both societal spheres. The
shifting historical contexts of assembling climate change as an engineering chal-
lenge thus serve to illustrate just how deeply intertwined efforts to understand
and efforts to govern the climate have been.

Reflexivity and interdependence, however, should not be mistaken with
the dissolution of differences in this context. I do not wish to draw attention to
fuzzy boundaries or suggest that science and politics have somehow become
the same. By drawing on differentiation-theoretical accounts that have been
developed within sociology, my goal is rather to gain a better understanding of
how science and politics as two societal spheres interrelate with one another.*”
That means understanding how science and politics latch onto one another in
devising this controversial policy tool and how this controversial policy tool
matches distinctly scientific to distinctly political struggles. Examining the
interdependence of science and politics in this sense importantly contributes
to a better understanding of what drives science and politics as distinct spheres

of societal communication.

Scientific expertise

Tracing the historical trajectory and career of climate engineering thus requires
tracing historically specific modes of problematising climatic change. And this
entails looking at distinct groups of people, experts, and institutions as much
as looking at particular modes of observing and studying, of knowing and gov-
erning climate change. Two concepts therefore guide my analysis of the role of
scientific expertise in shaping this career of climate engineering: the concept of
the expert infrastructure and the concept of expert modes of observation.

If we understand science as a system or network of communications, the
question of scientific expertise in politics, first and foremost, becomes a rela-
tional one: how does scientific expertise become politically relevant? Or, to put
it the other way around, where does policy-relevant scientific expertise come
from?*® Who are relevant experts and who decides? The concept of the expert

infrastructure seeks to capture and build on this relational dimension of scientific
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expertise. It seeks to draw our attention to the structures that link scientific
expertise to politics, to the institutionalised settings, the advisory panels, the
expert organisations, and assessment procedures that effectively bring scientific
expertise to bear on politics — whether intended or not. The concept thus seeks
to shed light on the empirical diversity of the formal and informal structures,
the programs and agencies, and the ‘cliques” and networks that have put climate
engineering on the political agenda. We may picture a kind of transport infra-
structure in this context, an infrastructure that is made up of routes and paths,
of bike lanes and motorways, train tracks and shipping routes that each display
different modes of transportation yet are all somehow connected.

The concept of expert modes of observation marks the epistemological dimen-
sion of scientific expertise. This concept understands scientific expertise as
a distinctly formalised mode of observing the world, as a particular form of
structured observation.*” It asks empirically for the various ways in which expert
observations on engineering the Earth’s climate are formalised or structured,
and how, in turn, these modes of observation shape the politics of climate
engineering. The concept thus seeks to bring into focus questions about the
social, historical, and even material preconditions of such expert modes of
observing. Speaking with Paul Edwards, we might refer to a ‘vast machine’
to describe the complex of computers, satellites, measuring devices, theories,
models, experiments, threshold values and tipping points that formulated
the challenge of governing climate change as a challenge of engineering the
Earth’s climate.”

This reflexive connection of science and politics is illustrated, for example, in
the analogous titles given to two accounts on the subject: Jim Fleming’s Fixing
the Sky and Timothy Mitchell’s Fixing the Economy. Both accounts carve out how
different forms of scientific observation — atmospheric and economic — not only
provide academic insights, but also transform their respective subjects politi-
cally. As a new form of observing, both atmospheric and economic expertise
generate new territories of governance and control.’' Scientific modes of obser-
vation in this sense become politically relevant as they make issues politically
legible; that is, as they render issues governable and suggest control. Mitchell

holds that economics provided ‘a new language, in which the nation-state could
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speak for itself and imagine its existence as something natural [and] subject to
political management’** This formation of economics as a scientific field, in
turn, critically depended on the discovery of the economy as a political subject,
according to Mitchell. In this sense, the concept of the modes of observations
draws attention to the fact that scientific expertise shapes the politics of societal
challenges beyond the neat settings of advisory processes or expert commissions.
It emphasises the interdependence between observing and addressing societal
challenges, such as climate change.

The distinction between expert infrastructure and expert modes of observa-
tion thus follows a similar rationale as the distinction between scientific ‘exper-
tise” and scientific ‘expert), as called for by some authors within the sociology
of expertise.” It assumes that the relationship between scientific expert and
scientific expertise is not unidimensional but runs both ways. It is not only the
expert who defines what counts as expertise, but it is also expertise that defines
who counts as an expert. Taken together, the two concepts shed light not only
on the prominent channels and the hidden byways that bring scientific expertise
to bear on politics. They also ill