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Non-technical summary. In the face of limited carbon budgets, negative emissions technologies (NETs) offer hopes of removing greenhouse gases from the atmosphere. It is difficult to
determine whether the prospect of NETs is significantly deterring or delaying timely action to
cut emissions. This paper sets out a novel theoretical perspective to this challenge, enabling
analysis that accounts for interactions between technologies, society and political and economic power. The paper argues that, seen in this light, the scope of NETs to substitute for
mitigation may be easily exaggerated, and thus that the risk of harm from mitigation deterrence should be taken seriously.
Technical summary. This paper offers a new theoretical perspective on the risk that geoengineering interventions might deter or delay mitigation (previously typically described as
moral hazard). Drawing on a brief review of mitigation deterrence (MD) in solar geoengineering, it suggests a novel analytical viewpoint going beyond and contrasting with the methodological individualist, managerialist and economist analyses common in the literature. Three
distinct registers to assist identification and interpretation of situations and processes through
which MD might arise are elaborated and compared. The paper shows that moving from a
realist register via a cultural register to a cultural political economy register, makes it clearer
how and why misperceived substitutability (between negative emissions technologies (NETs)
and mitigation) and narrow climate policy goals matter for MD. We have also identified several plausible mechanisms for MD under a neoliberal political regime. The paper argues that
MD cannot be overcome simply by better informing decision makers (the ‘realist’ response),
or even by opening up the standard techno-economic framing of climate change and our
responses (the ‘cultural’ response). The paper also concludes that the entire political regime
that has evolved alongside specific economic interests is implicated in MD, and that the likelihood and significance of MD probably remain underappreciated and understudied.

1. Introduction

© The Author(s) 2018. This is an Open Access
article, distributed under the terms of the
Creative Commons Attribution licence (http://
creativecommons.org/licenses/by/4.0/), which
permits unrestricted re-use, distribution, and
reproduction in any medium, provided the
original work is properly cited.

Mitigation of greenhouse gas (GHG) emissions, aiming to stabilize atmospheric GHG concentrations and thus control climate risk (primarily by cutting emissions, but also by enhancing
natural sinks) has been the central goal of climate policy internationally, and in most countries,
for decades. Mitigation practices are nonetheless expected to also deliver against socioeconomic goals, not just environmental ones. For example, there is a long-standing agreement
that countries bear a common but differentiated responsibility to contribute to mitigation. In
practice rates of mitigation are still sub-optimal to avoid dangerous anthropogenic climate
change. Scientists and analysts agree that mitigation should be intensified and accelerated,
although views differ on how much is practical and how best to distribute responsibility
[1,2]. In this context, it seems important to ask of any other policy option whether considering
or promoting it would help enhance or sustain or might for any reason deter or delay desirable
levels of mitigation [3].
For the purposes of this paper mitigation deterrence (MD) is broadly defined as ‘the prospect of reduced or delayed mitigation resulting from the introduction or consideration of
another climate intervention’. Defined this way, MD is not inherently problematic, but potentially causes several serious harms which would make it normatively undesirable. Possible
harms include elevated GHG concentrations or greater climate risk arising from delay or failure
(of the alternative intervention), and reduced co-benefits or more serious negative side effects.
Either harm might involve a more regressive distribution of costs and benefits. For instance,
the consequences for global justice [4] and intergenerational justice [5,6] of increased climate
impacts (unabated by the failed alternative intervention) would be grave. The term ‘deterrence’
is here used generically to include both intentional and emergent effects,i while the definition
(as ‘prospect’ rather than ‘outcome’) also allows for the possibility of actions to avoid or reduce
deterrence.
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Our definition is deliberately general, intended to include a
range of possible scenarios, from the common fear in the 1990s
that a focus on adaptation might undermine mitigation, to the
more contemporary concern that pursuit of solar geoengineering
might discourage more economically costly mitigation (often
described as ‘moral hazard’ effects). At this generic level, MD
could be a product of any type of intervention. It might even
arise from an intervention that is a different form of mitigation.
For example, a proposal to rely on the development of novel
clean-energy technologies (instead of implementing existing
forms of low-carbon energy generation) might imply greater
uncertainty or delay in emissions outcomes, or a different pattern
of side effects with negative consequences for justice. Such concerns with so-called ‘false solutions’ are widely shared amongst
more radical climate NGOs.
Here we consider the potential for MD from the category of
climate interventions known as negative emission technologies
(NETs) or GHG removal (GGR). Diverse proposals for removal
of GHGs from the atmosphere range from large-scale soil carbon
restoration to direct air capture of CO2 using chemical sorbents
[7–9]. NETs can be considered as a form of climate geoengineering (as a large-scale, intentional, technological, intervention in the
climate system with the aim of reversing the processes or impacts
of climate change). Insofar as the climate issue is framed as a scientific and political matter of emissions and GHG concentrations,
NETs will appear a suitable response.
The significance of MD by NETs is illustrated well in the
development of climate pathways under the IPCC. In the absence
of adequate mitigation, pathway scenarios have incorporated
increasing amounts of NETs (typically in the form of bioenergy
with carbon capture and storage, BECCS). This has helped sustain
high-level policy conclusions (most recently in Paris [10]) that climate targets can be met through a managed transition based on
energy efficiency, low-carbon energy technologies and NETs,
without abrupt and (politically and economically) disruptive
transformations in energy and economic systems [11,12]. In this
context NETs may be triggering harmful MD, perhaps in ways
similar to those hypothesized for solar geoengineering: provision
of information about NETs such as BECCS appears to reduce
public support for mitigation policies [13], yet the future delivery
of NETs is highly uncertain [2,14,15]. Under the Paris accord,
NETs are likely to receive ever more attention and interest. Yet
very limited consideration has so far been given to their interactions with mitigation and the possibility of deterrence (solar
geoengineering has been more intensively considered in this
respect [3,16–18]). It is in this context that we seek to interpret
and explain MD.
The aim of the paper is to argue for a shift to a new analytical
viewpoint from which MD can better be studied. For this, we
build on Markusson et al.’s [19] distinction between three generalized analytical registers. The registers are generalizations, and as
such imperfect representations of any field, but useful to move,
relatively quickly, the analytical gaze. We discuss MD briefly at
each register, to illustrate what each register can accomplish and
help us compare them and so justify a preference for the cultural
political economy (CPE) register.
This paper first revisits studies of moral hazard in the literature
on solar geoengineering as current, relevant context for studying
MD from NETs, confirming why we think harm from MD may
arise with NETs despite some dissimilarities with solar geoengineering, and indicating where that literature (despite being
much richer than that on NETs) is deficient. Fears that solar
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geoengineering would undermine climate policy is a current, relevant example of a more general risk, whereby expectations or
‘promises’ of technical solutions [20]ii undermine climate policy
(for example see Markusson et al. [19] regarding CCS).
We then argue – with reference to the existing geoengineering
literature – that the likelihood and potential significance of MD
by NETs has been poorly understood, and may therefore have
been underestimated, by analysis frequently located at a realist
(individualist, economistic and managerialist) register. Shifting
to a cultural register, drawing on science and technology studies,
we show how an understanding of technologies as co-produced
by, and co-producing of social contexts, can reveal emergent
effects and interactions that are not simply the product of individual rational decisions. However, the socially-constructivistiii cultural register itself remains inadequate in its treatment of
materialist politics and economics. Therefore, we instead argue
for a cultural political economy register [21,22] in which MD is
mediated by material economic interests alongside framings and
social imaginaries.iv We thus argue that shifting from the currently common realist register, via a cultural one, to a CPE register
puts researchers/analysts in a better place to analyse processes that
might result in MD.
This paper makes several novel contributions to scholarship.
Firstly, it explicates the character of the three registers in much
greater detail than in [19]. Secondly, it discusses what each register can tell us about how MD could come about, what can be done
about it, and the role of researchers and analysts in that process.
And, thirdly, as discussed above, it argues that the CPE register is
preferable.
In applying a CPE register to explore possible future forms of
MD and NETs, we avoid the trap of ‘speculative ethics’ [23].
While speculation about the ethics associated with future technologies can help construct them in particular forms [24], from
the CPE register this problem is understood as one of (unpoliticized) constructivism. CPE rather examines the emergence of
the technology (and its associated ethics) in tandem with the political regimev and the power asymmetries within it. While it may
contribute to the co-construction of the technology it is very
clearly not naïve speculation, and rather than constructing a particular future, we intend it to enable the consideration and
empowerment of alternative futures in the present.

2. Solar geoengineering as a starting point
If we are to apply lessons from consideration of solar geoengineering, it is important to first consider how NETs may differ from
solar geoengineering. We highlight three commonly suggested
differences here [8,9]: (1) NETs may be more costly and slower
acting; (2) they act more directly on GHG concentrations rather
than temperatures; and (3) they may involve fewer attendant
risks and uncertainties.
Although perceptions of solar geoengineering as cheaper
might make it more susceptible to MD, NETs could also reduce
costs to industry, investors and consumers from there being
fewer stranded fossil assets, in comparison to mitigation.
Similarly, while the relative speed of solar geoengineering may
bolster arguments that climate action is premature, NETs could
also enable delay by creating an expectation of recovery of carbon
from the atmosphere at a future date – at costs then comparable to
mitigation. Indeed, there is a prima facie case that the way climate
pathways modellers have embraced such expectations has already
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helped to sustain inadequate political agreement on mitigation in
the past decade [2,12,14].
Secondly, solar geoengineering acts to reduce climate risk by
reducing temperatures directly (only indirectly affecting atmospheric composition). By acting (2) directly on GHG concentrations
NETs are arguably better substitutes for mitigation, and so might
again appear less likely to generate harms as a result of MD.
However, removals are still imperfect substitutes, since they may
be less certain in their climate effects than emissions prevented,
for instance, because of the risk of leakage from carbon stores,
such as through forest wildfires. Moreover, if NETs were incentivized through carbon markets, they would only be adopted as (in
practice) an offset for mitigation (unless the market cap was
reduced equivalently), and therefore risk crowding out actual
mitigation.
With respect to (3) risk and uncertainty, although the specific
risks arising may differ (for instance, the risk of a significant termination effect is limited to solar geoengineering, while the risk of
carbon leakage from wildfires is specific to afforestation), NETs
also involve significant practical uncertainties regarding their
socially acceptable and sustainable deliverability at scale [25].
Moreover, the effects of NETs on ocean outgassing, and of biomass accumulation on albedo are not yet fully understood, and
some integrated modelling suggests the net climate effects might
be significantly smaller in the long term than implied by the absolute amounts of carbon removed [26]. Such uncertainties cast
doubt on the plausibility of reliable and effective future delivery
of NETs, which becomes more problematic if mitigation has
already been reduced, or not accelerated, in the expectation of
future negative emissions.
To sum up, whilst solar geoengineering may seem more susceptible, there is sufficient reason, and prima facie evidence, to
think that NETs may also cause MD through similar mechanisms,
and that it might be harmful. It is therefore reasonable to take the
literature on MD in solar geoengineering as a starting point for
discussing MD by NETs. Indeed, efforts to discursively and definitionally separate NETs from solar geoengineering (e.g. [9,27])
would appear to downplay the similarities of relevance to MD,
and as we shall argue later, may deliberately or unwittingly
represent political shaping of the ‘promise’ of NETs.
3. A realist register is common in existing analyses of
mitigation deterrence
In conceptualizing MD, the literature on geoengineering (primarily addressing solar geoengineering) has been dominated by contributions from economics, psychology and philosophy. Scholars
in this tradition have often adopted the terminology of moral hazard, following [28], and offered a range of conceptualizations,
analogies and critiques. Moreover, with relatively few exceptions
such scholars have adopted a realist register, tending to focus
on decisions made by autonomous agents or institutions, assume
that uncertainty can be known and managed, if not eliminated, by
such agents (cf. [29]) and thus that outcomes can be controlled,
and to typically reduce phenomena to economic, financial or
market dynamics, aggregated from individual choices, shorn of
any power relations. Space limitations preclude more than a
brief description of the main themes here (but see [3]).
Economic and individualistic framings are frequent. Insurance
is commonly cited (e.g. [16–18]) as enabling rational risk taking
by autonomous actors: Lin suggests the example of flood insurance leading to more building on flood plains as a plausible
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parallel. Such economistically rational analyses also underlie
interpretations of the problem as one of economic substitution
(e.g. [18,30]). Here substitution of geoengineering for mitigation
appears rational insofar as they are economic substitute goods
meeting the same goals. Modelling of climate pathways also
often includes substitution effects with near-term mitigation
rates reduced in response to predicted future NETs (e.g.
[31–33]). Behavioural economistic conceptualizations – including
possible explanations of moral hazard arising in information
asymmetries between principal and agent, perverse incentives
and free-rider problems – are also frequently cited [16–18,30,34].
Although here it may be understood that actors are only boundedly rational, the framing remains economistic and primarily
individualistic. Other commentators have applied economistic
game theory [35,36], in which countries are seen as the relevant
agents pursuing their specific interests.
Some scholars extend psychological insights beyond behavioural economics in a broader account of cognitive biases or cultural cognition as a root of possible MD [17,34,37–39]. The
focus is less economistic, but still typically individualistic.
Cognitive biases applied to perceptions of geoengineering might
imply over-optimism, if geoengineering provides a misplaced
sense of control regarding the climate problem [17]. Cultural cognition approaches suggest that individual reasoning on issues like
climate change is distorted in line with cultural identities, in ways
that could make climate denialists particularly susceptible to the
attractions of geoengineering as an alternative to mitigation
[17,37,40]. Psychological mechanisms also underlie conceptualizations of deterrence as risk compensation [16,18,34]. Again, individuals are conceived to adjust their behaviours consciously or
subconsciously to a similar level of apparent risk.
Some researchers have also sought to apply approaches from
moral philosophy [16,34,41]. These analyses typically seek to clarify the potential harm arising from MD, primarily applying consequentialist and deontological approaches rooted in the
dominant liberal individualist social imaginary [29]. Such moral
philosophers, even in deontological variants, tend to avoid economic reductionism, but rarely escape the other elements of the
realist register. Rather, they highlight possible harms in reduced
efficiency, misdirected motivations, and mal-distribution of
costs and benefits. Some philosophical approaches also suggest
the possibility of less individualistic forms of deterrence, a critical
point, which is also highlighted by Corner and Pidgeon [38] in
their categorization of moral hazard into individual and collective
(social or political) forms.
The realist register has serious analytical limitations. Technologies are understood simplistically as material products of science
and economic forces, independent of the socio-technical systems
needed to generate them. A focus on autonomous individuals
(either as lone but powerful human or institutional actors, or as
aggregated sets) obscures the impact of collective, social phenomena such as norms, institutions, narratives and, crucially, power
relations, and the way they shape individuals’ thoughts and
actions. Understanding collective forms of MD would appear
critical where there is such limited agency for individuals to
understand and act on the risks of climate change and geoengineering. Relatedly, a focus on managerial understandings of decision making, where (at least, some, powerful) actors can know
and manage risks and control the outcome of their interventions,
obscures the possibility of MD being the result of distributed
actions and complex, emergent processes that escape any single
actor’s ability to predict [42]. Markets are one collective
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institution that has been analysed in the relevant literature, but in
an aggregative, economistic manner, again based on assumptions
about liberal autonomous actors that largely obscure the impacts
of power relations and unequal social structures. We will argue
that shifting (via a cultural register) to a CPE register can help
overcome these limitations.
4. Key MD mechanisms, as understood at the realist register
McLaren [3] distilled from the (predominantly solar) geoengineering literature two related characteristics of situations where
MD can be both likely and harmful. Firstly, the risk of harm
depends on the perception of substitutability of the proposed
approach for mitigation. The greater the divergence between perceived and actual substitutability the more significant the risk of
harm (as then it seems both more likely that mitigation will be
reduced or delayed in response, and that such reduction or
delay will lead to harms). If a proposed intervention is perceived
by decision makers as equally effective in reducing GHG concentrations as current options, and cheaper, quicker or politically
more palatable, it is more likely to be pursued. Even if the intervention proves a good substitute in narrow climate terms (effectively reducing GHG concentrations) it may still redistribute social
costs and benefits in undesirable ways. Worse, if in practice the
intervention proves a poor substitute in narrow climate terms
then MD might lead to more severe climate impacts, as well as
other harms.
Secondly and relatedly, MD is more likely to lead to harm
when climate goals are broad or more holistic (making it a poorer
substitute in practice), rather than narrow. Policy makers may
pursue particular policies for mitigation for a range of reasons,
beyond reducing the risk of dangerous climate change. They
might aim to create new economic opportunities and markets
for low-carbon technologies and practices such as carbon trading,
or create jobs through green Keynesianism. Cutting emissions can
also reduce morbidity and mortality from air pollution, which
co-benefit appears to be strongly incentivizing mitigation in countries such as China and India. Moreover, designers of climate policy typically aim (if often unsuccessfully) to avoid serious negative
environmental or social side effects, and through the principle of
common but differentiated responsibility, global climate negotiations have sought to place greater burdens on those most able to
pay, and having most benefited from the use of fossil fuels. Insofar
as mitigation carries expectations of other beneficial or desirable
outcomes, its substitution by alternative policies focused on
GHG concentrations or climate risk alone is problematic.
Figure 1 visually summarizes necessary assumptions for the
two situation characteristics to be intelligible at the realist register,
that is, a realist model of MD. A pair of technologies (the
bracketed technologies 1 and 2) are here compared by an individual decision maker with regards to their respective functionality – relative to assumed climate policy goals – and their mutual
substitutability. The decision maker’s perceptions (indicated by
the eye symbol) of the technology pair may be biased and/or
not perfectly informed by available evidence (which would be visible to the (notional) independent researcher/analyst).
At the realist register, the solution to MD problems is for the
decision maker to be better informed of the actual substitutability
of the technology options. A well-informed (by ‘objective’ analysts) climate policy decision maker would – in the face of possible
harm from MD – only deploy NETs as a supplement to (desirable
levels of) mitigation rather than a substitute.

Fig. 1. A realist model of mitigation deterrence.

Such a response to MD suffers from multiple shortcomings:
not only are there significant limits to the predictability and
knowability of the impacts of future technologies, but there are
complications arising from diverse ‘rationalities’ motivating
action, and power relations that necessarily shape perceptions
and decision making [10]. Climate scientists informing policy
makers that NETs should only be a supplement rather than a substitute for mitigation (given agreed policy goals) is therefore
unlikely to be sufficient to avoid harm from MD.
Much scholarship at the realist register overlooks the necessary
framing done by experts themselves. These framing choices are
inescapably subjective, because technology substitutability – and
so MD likelihood – depends on what climate policy goals are
assumed. There will thus always be multiple justifiable ways of
framing a given choice between technologies. The frame choice
should be made explicit, and possible to reflect upon, and to contest; the apparently objective knowledge about technology option
substitutability needs to be ‘opened up’ [43]. For this, we need to
go beyond naïve realism and adopt what we can call a cultural
register.
Note that this is not simply an argument for adopting the
‘bounded rationality’ of behavioural economics. Such approaches
recognize cognitive biases and move away from the ideal ‘rational
decision maker’ but maintain a commitment to objective assessment of substitutability, and in effect restate a claim that by minimizing irrationality, the problem is managed. At the cultural
register, there is a different relation between scientists and decision makers. Scientists are here not just truth tellers but also (epistemological) power brokers.
5. Moving to a cultural register
At the cultural register, we can analyse what kinds of rationalities,
and what kinds of framings dominate. Climate policy consistently
features an established standard techno-economic framing
embedded in practices and institutions (and anchored in a dominant liberal administrative social imaginary, evident across contemporary systems of liberal democratic government) [29].
Users of this framing foreground the physical climate system in
formulating the problem and the goals of policy, and privilege
technologies as solution options, highlighting their physical
effects and costs, as opposed to issues of, say, social justice and
power relations [44]. Such framing draws heavily on some kinds
of evidence (from physical sciences, engineering and economics)
rather than others (from, e.g., critical social science). The
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standard framing of MD is therefore, unsurprisingly, similar,
excluding power relations and many justice issues.
Analysts working in the dominant social imaginary tend to
construct technologies as stand-alone, isolated tools. This backgrounds how technologies are implicated in social relations and
the messy political aspects of society, as well as almost all relationships between technologies. In the techno-economic framing of the
realist register, technologies are made commensurable by focusing
on narrow functionality (e.g. CO2 emissions or reductions), and
choices between them are facilitated by focusing primarily on economic costs. Not only are single technologies framed, but the relationships between them are framed too.
Insofar as MD arises in misperceived (as described above) substitutability (given broad climate policy goals), the cultural register – with its understanding of technologies as socio-technical
systems – enables us to reflect on the processes in which technologies are socially constructed as being functionally substitutable,
and their shares of a deployment portfolio economically optimizable. The cultural register thus helps us analyse how MD can take
effect in the dominant social imaginary, and reminds us that alternative framings of the relationships between technologies are possible. Given the standard techno-economic framing, any MD
mechanism that involves things other than those studied by scientists, engineers and economists is largely invisible. At the cultural
register, drawing on science and technology studies, the antidote
is to open up the restrictive framing of relationships between technologies, and expose other possible interaction effects.
Figure 2 visually summarizes a model of MD at the cultural
register. Here there is a range of frames through which actors
may assess the substitutability of the technology options.
Analysis at the cultural register, employing reflexivity and deliberation, reveals a dominant social imaginary which shapes policy
goals and framings of technologies and their inter-relations.
Concepts such as sociotechnical imaginaries [45] or the sociology
of expectations [20,46] helpfully ‘open up’ framings, revealing
how tacit and powerful ‘pictures’ or ‘promises’ of desirable futures
often vary, yet also profoundly shape socio-technical trajectories
in unconsidered and unaccountable ways.
Whilst work in the dominant liberal social imaginary serves to
depoliticize climate policy in favour of technocratic responses
[47], the cultural register does not fully help us explain the specifics of how the dominant social imaginary and expectations of
individual technologies interact. Which specific technologies get
promoted as climate policy options? Under what circumstances
do they succeed or fail? What power relations do they enable?
Moreover, the cultural register does not help us understand the
evolution of particular political economy regimes and associated
social imaginaries (e.g. how is the liberal imaginary of government
dominant in the first place?), and how envisioned technology
options are implicated in that evolution, and hence the historical
contingencies of the framing of technological climate policy
options. For this, we need to turn to a CPE register as we outline
below.
6. And from a cultural to a CPE register
At the CPE register, understanding of social relations begins from
a materialist interpretation of economic interests and political
regimes. For instance, we here conceptualize social relations in a
Marxian tradition, recognizing the need for capital to extract surplus value from labour, to sustain its economic and political domination. The ephemeral but rolling maintenance of the conditions
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Fig. 2. A cultural model of mitigation deterrence.

for such exploitative profit gathering takes the form of shifting
spatio-temporal fixes [48]. These ‘fix’ emergent ruptures in or
rejections of contested political economic conditions, ‘(af)fix’
them in longer-lasting infrastructures and institutions and thereby
secure the potential for achieving the recurrent ‘fix’ of profitable
growth that capitalism systemically demands. But our perspective
also remains essentially cultural, in that we see dominant political
regimes acting through and being supported by shared and contested social imaginaries, perhaps even constructing forms of
hegemony.vi Specifically, we adopt a non-deterministic and relational Marxian position that sees social structure as a complex
system that is unstable, dynamic, in need of maintenance –
both material and ideational – and shaped by historical contingency. This perspective incorporates strategic agency, reflexivity
and resistance in the evolution of capitalist society as constitutive
elements of the trajectories of social, political, cultural and
techno-scientific change.
Crucially, science has become ever more important for the
development of new technology, as a source of innovation. At
this register, science serves to create new objects in which to
invest, and from which to make a profit. Science serves to open
up new capitalist frontiers, to enclose new spaces as spatiotemporal fixes for a capital that recurrently requires new avenues
for profit. Science proposes technical fixes for collectively recognized problems, for example, climate change. Spatio-temporal
fixes can in this sense also be defensive, primarily, and at least initially, preserving existing investments, rather than opening up
new lines of profitable enterprise [19].
Similarly, as at the cultural register, technological expectations
[20,46] here circulate amongst stakeholders as representations
and perceptions of possible futures. Technological expectations
also become embedded in material practices and hence can, in
turn, significantly condition ongoing political economic activity.
In the case of NETs, this includes pathway modelling practices,
as well as technology development practices. The expectations
also entail framings that foreground some things and background
others, and come bundled with (more or less explicit) imaginaries
of social order. Also for this reason, some technological expectations fit better with the social imaginary of the dominant political
regime, and the two tend to develop in interactive, contested parallel over time. CPE is, thus, clearly not simply a shift in ‘sociological scale’ to the regime level (from specific discourses at the
constructivist register, or individual agents at the realist register).
Rather CPE accommodates and motivates analysis at and across
multiple sociological scales, transcending and incorporating the
other registers. By contrast, the ‘cultural’ tends to be set against
the ‘realist’ and vice versa.
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Table 1. The three registers.
Register

Conception of technology

Key component

Rationality

Realist

Techno-economic

Individuals (single or aggregated)

Objective, or boundedly rational

Realist

Cultural

Socio-technical

Social imaginary, frames

Multiple rationalities, interactive

Constructivist

CPE

Politico-technical

Political regime (economic blocs and hegemony)

Multiple rationalities, strategic

Power relational

Yet the regime level is critical to a CPE understanding. We
envision that in a dynamically stable capitalist formation, mutually supportive dynamic relations subsist between science and
technology, underpinning in complex cultural and material
ways a hegemonic political regime, which in turn supports certain
kinds of innovation (through an innovation regime favouring
technologies that are seen as attractive). In other words, technology is understood as a ‘politico-technical’ phenomenon [49], in
which the political economy is co-constructed alongside the
material technology and systems thereof. In all parts of the
co-evolutionary loop, there is scope for, and need of, action, to
reproduce and maintain the positive feedbacks that give the
loop any stability.
Of course, different reflective actors diverge in how they perceive their situation and the ongoing dynamic, and regarding
what they see as desirable goals for which to aim. This also
means there are multiple points of intervention and resistance
around the loop, since the emergent stability is the result of multiple diverse inter-relations, not an abstract ‘higher-level’ reality.
Intervention is here about opening up the framing of specific concrete technologies (and their relationships), but also about mobilizing actors to challenge and reshape tendential trajectories of
system evolution – not least through greater strategic awareness
of their current positions in existing dynamics of system reproduction and transformation. Thus in the CPE model both MD,
and interventions to avert it or ameliorate its harmful effects,
are conceivable.
Table 1 summarizes the contrasts between the three registers.
7. The CPE-MD model
Working at the CPE register, we see MD as an outcome of the
co-evolution of multiple technologies (as expectations and perhaps also as development and deployment) with political regimes,
entailing both social imaginaries and economic blocs. MD is here
not just about how policy goals and technologies (in isolation or
in comparison) fit with a dominant social imaginary, but also how
they fit with dominant material interests. And since imaginaries
and interests are not perfectly aligned, the fit with the latter matters too. Therefore, at the CPE register, we need to also pay attention to who stands to make (or lose) a profit from proposed NETs,
and who from mitigation, and how those things are related. This
can be from NETs opening up new investment opportunities, or
constituting defensive fixes to sustain the value of fossil fueldependent assets [19,50,51]. Whether NETs are perceived as complementary with or substitutable for mitigation may matter, but
also whether they simultaneously can materially support the political regime or not. See Figure 3 (below) for a visual summary of
MD at the CPE register.
Although a range of perspectives exist within a CPE approach
(as on the cultural register), in Figure 3 we emphasize that all perspectives are to some extent situated within the hegemonic political regime (represented by their position within the regime

Ontology

Fig. 3. The cultural political economy model of mitigation deterrence.

cycle). Whilst some actors are clearly more influential than others,
no one stands free from the ongoing production of power relations and framings (developed in a process described in [52] as
power knowledge). This includes researchers/analysts, whose
only choice is to act strategically like other actors. Researchers/
analysts may inform decision makers and strategically open up
aspects of reality for challenge, but to intervene against MD
here may also entail advocating specific framings (closing
down) and even materially supporting specific actors.
MD can be expected to emerge in specific ways in different
regimes. How might MD therefore happen under the existing,
specifically neoliberal, political economy regime? Acknowledging
that the term is often disputed, here we treat ‘neoliberal’ as an
ideological belief in the unlimited capacity of markets to solve
the problems involved in governing human affairs, following
[53]. Understanding neoliberalism as a hegemonic political ideology takes us beyond the idea of the social imaginary discussed at
the cultural register, recognizing the ideology as part of a political
regime, co-evolving with a bloc of economic interests, such as oil
and gas producers and financial corporations.
The neoliberal regime with its limitless belief in growth and
markets has emerged alongside the expansion of seemingly endless, cheap energy supply in the form of oil and gas [50]. In
this context, the prospect of NET investments suggests a possibility of cleaning up society without the need for abrupt changes to
how we produce and use energy (cf. [12,54]).vii And in analogy
with the experience with CCS, this may be enough for some
time to sustain the regime, and may in fact even work best (for
the regime) as long as the technology remains a ‘promise’, rather
than a costly material investment [19]. There is alternatively scope
for NETs to be more directly useful to the economic bloc underpinning neoliberalism, as the captured CO2 could be used for
enhanced extraction of oil and gas [57] or diverted from storage
into carbon utilization, for example, in synthetic fuels [58]. In
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either case, on balance less carbon is permanently withdrawn
from the atmosphere. Moreover, NETs can be expected to function better as a ‘promise’ in this context, if they are definitionally
separated from solar geoengineering, and the risks (including
harm from MD) that the latter is now widely presumed to
embody.
The techno-economic, depoliticizing social imaginary discussed above, works well in a neoliberal political economy, supporting its market focus through tools such as carbon trading.
Technologies (as opposed to changed habits and practices) are
preferred solutions, because they can more easily be constructed
as commensurable and fungible, that is, their deployment (actual
or prospective) can be traded on the same markets. Under neoliberalism, markets are the primary arbiters of whether and to
what extent technologies are substitutable. Fungibility is easier
to construct if technology functions are framed narrowly, with
neatly standardized effects (cf. [59]). Poor substitutability between
NETs and mitigation would thus tend to be obscured under a
regime favouring market solutions, and so increase the likelihood
of MD. Technology fungibility, in turn, is easier to construct if
policy goals (against which technologies are assessed) are kept
narrow. Expectations of fungible technological solutions thus
help sustain a neoliberal political regime, with its hegemonic
belief in markets. In respect of both the framing of climate policy
goals and interventions to meet them, the CPE viewpoint suggests
ways in which the neoliberal political hegemony might stimulate
MD.
The hope of inclusion of NETs in trading and offsetting systems is part of what has driven entrepreneurship in this area.
Such inclusion typically requires not only modelling of carbon
flows, but the establishment of systems for measuring, monitoring, verification and accounting [59–62]. Keen entrepreneurs
have started selling offsetting services ahead of such systems,
potentially prompting their development.viii It might even be
that some such commerce thrives regardless of – or even best in
the absence of – such systems, as for some buyers what matters
is an act of faith in having sought to offset [63]. The development
of sequestration markets, and maybe even ‘carbon futures’, fits
nicely with a neoliberal regime reliant on financial innovation
and experimentation.
This analysis also makes clear – at the cost of an elaborate
re-conceptualization, complexity and much new terminology,
and thus a risk of disconnection from the mainstream realist literature and policy discourse – ways in which the neoliberal regime
benefits from – and co-constructs – a framing of climate change
as an issue of measurable quantities of GHGs, rather than a more
complex nexus of cultural, social and economic constructions.
Accountable, tradable quantities of carbon, convertible into useful
products through carbon utilization and enhanced oil recovery,
create new markets, with the prospect of new financial instruments and derivatives. A CPE approach enables this framing to
be contested, while simultaneously being capable of exposing
and even challenging interests, for example, those behind denialism, in climate policy.
One possible objection to our approach to MD might be that it
appears to be ‘moving the goalposts’. As leading climate engineering researcher David Keith complains of Naomi Klein, ‘she
attempts to solve the problems of capitalism, rather than those
of the climate’ [64]. But the CPE approach highlights instead
that the setting of the goalposts in particular ways and in
particular places by powerful interests is part of the problem of
inadequate mitigation. In other words, it is not that we here
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ourselves introduce other, broader goals into climate policy, but
that we merely highlight interconnected issues such as economic
transformation or justice and international redistribution. Hence,
we are unapologetic in understanding the problems outlined here
as a normative argument for moving the goalposts. Conversely, we
are sympathetic to arguments that, if only for strategic reasons,
climate problems must be analytically separable and capable of
being addressed without first (or alongside) ‘solving’ capitalism
(or neoliberalism more specifically, here). A CPE perspective,
however, actually affords analysis that remains fundamentally
aware of the inter-relations between socio-technical change
(such as development of NETs) and political economic regimes
without collapsing the former onto the latter or, therefore, arguing
(explicitly or implicitly) that ‘better’ NETs can only be developed
when problems with the latter are ‘resolved’. Instead, NETs are
illuminated in their broader, but irreducible, systemic context so
that they can be considered with optimal strategic insight.

8. Conclusions
We have here set out a new analytical viewpoint, based on CPE,
for studying MD. The viewpoint offers a distinct alternative to
the realist register that is common in the literature (and to constructivist challenges to it). The CPE viewpoint promises to add
sensitivity to both epistemic pluralism (the presence of multiple
ways of knowing) and historically contingent societal power relations. We have shown that shifting from the realist via the cultural
to a CPE register promises to improve our understanding of how
and why poor substitutability and narrow policy goals matter
for MD. We have also identified several plausible mechanisms
for MD under a neoliberal political regime. The situation regarding MD now looks more complex. It is not just about insufficiently informed decision makers, or even about the
problematic domination of a techno-economic framing of the climate change problem and its solutions. Rather an entire political
regime is implicated in specific ways in making mitigation deterrence possible and perhaps harmful. Therefore, most existing analyses may have underestimated the likelihood and significance of
MD, and we are investigating this in related work.
Conversely, however, this added complexity also means there
are now more points of plausible intervention. It is no longer
enough to consider messages to policy makers that NETs should
not be used as substitutes for mitigation [2,12], nor to ‘open up’
the standard framings that make mitigation deterrence a possible
outcome. At the CPE register, researchers/analysts are part of the
inescapably conflictual dynamic through which technologies and
political regimes co-evolve. They may therefore be more overtly
situated – and even engaged in foreclosing of debates where
they are being ‘opened up’ in troubling new directions – and
may strategize for better ways of acting in and organizing society,
including potentially in materially subversive ways. For this purpose, we plan further work to develop a methodology that is capable of supporting such strategic reflection [65] and delivering
empirically based findings about mechanisms of MD. It will be
based on scenarios and used in stakeholder engagement, designed
to produce interventions with the objective of alleviating the MD
problem.
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Notes
i We do not deliberately echo the specialized use of ‘deterrence’ in the strategic
military context, although the concepts may share some characteristics.
ii Here we follow in the tradition of science and technology studies scholars
such as Mads Borup and Harro van Lente who write of a sociology of expectations triggered by promises of technological advancements.
iii (Social) constructivism is, simply put, the idea that reality is constituted
through our perceptions of it.
iv A social imaginary describes the shared visions, symbols and associated
feelings that people have about something.
v By political regime we mean the social structures and systems of power relations that enable governance over society (not necessarily in a single country).
vi Hegemony is the cultural dominance by a ruling group resulting in a widely
shared worldview, which legitimizes the group’s rule.
vii Recent modelling studies have concluded that with radical reductions in
global final energy use it may be possible to achieve 1.5°C without NETs
[55] or alternatively, that even with radical behaviour change at least some
NETs would still be needed [56]. In modelled futures, only pathways with substantial deployment of NETs avoid such politically and economically disruptive shifts.
viii See for example, Nori (online at https://nori.com) which is developing
entrepreneurial NETs trading using blockchain technology.

References
1. Moellendorf, D. (2015). Can dangerous climate change be avoided? Global
Justice: Theory, Practice, Rhetoric, 8(2), 66–85.
2. Larkin, A., Kuriakose, J., Sharmina, M., & Anderson, K. (2018). What if
negative emission technologies fail at scale? Implications of the Paris
Agreement for big emitting nations. Climate Policy, 18(6), 690–714.
3. McLaren, D. (2016). Mitigation deterrence and the ‘moral hazard’ in solar
radiation management. Earth’s Future, 4(12), 596–602.
4. Baatz, C., & Ott, K. (2016). Why aggressive mitigation must be part of any
pathway to climate justice. In C. J. Preston (Ed.), Climate justice and
geoengineering: ethics and policy in the atmospheric Anthropocene (pp.
93–108). London: Rowman and Littlefield.
5. Gardiner, S. M. (2006). A perfect moral storm: climate change, intergenerational ethics and the problem of moral corruption. Environmental
Values, 15(3), 397–413.
6. McLaren, D. (2017). Mirror, mirror: fairness and justice in geoengineering
(Doctoral thesis). Lancaster University. Retrieved from http://eprints.lancs.
ac.uk/89109/
7. McLaren, D. (2012). A comparative global assessment of potential negative
emissions technologies. Process Safety and Environmental Protection, 90
(6), 489–500.
8. Royal Society (2009). Geoengineering the climate: science, governance and
uncertainty. London: Royal Society.
9. National Academy of Sciences (2015). Climate Intervention: carbon dioxide removal and reliable sequestration. Washington, D.C.: National

15.

16.

17.
18.

19.

20.

21.
22.
23.
24.
25.

26.

27.

28.
29.
30.
31.

32.

Research Council of the NAS: Committee on Geoengineering Climate.
National Academies Press.
Geden, O. (2016). The Paris Agreement and the inherent inconsistency of
climate policymaking. WIREs Climate Change, 7, 790–797.
Fuss, S., Canadell, J. G., Peters, G. P., Tavoni, M., Andrew, R. M., Ciais, P.,
Jackson, R. B., Jones, C. D., Kraxner, F., Nakicenovic, N., Le Quéré, C.,
Raupach, M. R., Sharifi, A., Smith, P., & Yamagata, Y. (2014). Betting
on negative emissions. Nature Climate Change, 4, 850–853.
Anderson, K. (2015). Duality in climate science. Nature Geoscience, 8,
898–900.
Campbell-Arvai, V., Hart, P. S., Raimi, K. T., & Wolske, K. S. (2017). The
influence of learning about carbon dioxide removal (CDR) on support for
mitigation policies. Climatic Change, 143, 321–336.
Minx, J. C., Lamb, W. F., Callaghan, M. W., Fuss, S., Hilaire, J.,
Creutzig, F., Creutzig, F., Amann, T., Beringer, T., de Oliveira
Garcia, W., Hartmann, J., Khanna, T., Lenzi, D., Luderer, G., Nemet, G.
F., Rogelj, J., Smith, P., Vicente Vicente, J. L., Wilcox, J., &
Dominguez, M. del M. Z. (2018). Negative emissions – Part 1: Research
landscape and synthesis. Environmental Research Letters, 13(6), 063001.
Nemet, G. F., Callaghan, M. W., Creutzig, F., Fuss, S., Hartmann, J.,
Hilaire, J., Lamb, W. F., Minx, J. C., Rogers, S., & Smith, P. (2018).
Negative emissions – Part 3: Innovation and upscaling. Environmental
Research Letters, 13(6), 063003.
Hale, B. (2012). The world that would have been: moral hazard arguments
against geoengineering. In C. J. Preston (Ed.), Climate justice and geoengineering: ethics and policy in the atmospheric Anthropocene (pp. 113–132).
London: Rowman and Littlefield.
Lin, A. (2013). Does geoengineering present a moral hazard? Ecology Law
Quarterly, 40(3), 673–712.
Reynolds, J. (2014). A critical examination of the climate engineering
moral hazard and risk compensation concern. The Anthropocene Review,
2(2), 1–18.
Markusson, N., Dahl Gjefsen, M., Stephens, J. C., & Tyfield, D. (2017).
The political economy of technical fixes: the (mis)alignment of clean fossil
and political regimes. Energy Research & Social Science, 23, 1–10.
Borup, M., Brown, N., Konrad, K., & Van Lente, H. (2006). The sociology
of expectations in science and technology. Technology Analysis & Strategic
Management, 18(3–4), 285–298.
Sum, N-L., & Jessop, B. (2013). Towards a cultural political economy: putting culture in its place in political economy. London: Edward Elgar.
Tyfield, D. (2012). A cultural political economy of research and innovation
in an age of crisis. Minerva, 50(2), 149–167.
Nordmann, A. (2007). If and then: a critique of speculative nanoethics.
NanoEthics, 1(1), 31–46.
Stilgoe, J. (2015). Experiment earth: responsible innovation in geoengineering. London: Earthscan.
Boysen, L. R., Lucht, W., Gerten, D., Heck, V., Lenton, T. M., &
Schellnhuber, H. J. (2017). The limits to global-warming mitigation by terrestrial carbon removal. Earth’s Future, 5, 463–474.
Keller, D. P., Feng, E. Y., & Oschlies, A. (2014). Potential climate engineering effectiveness and side effects during a high carbon dioxide-emission
scenario. Nature Communications, 5, 3304.
Heyward, C. (2013). Situating and abandoning geoengineering: a typology
of five responses to dangerous climate change. PS: Political Science &
Politics, 46(1), 23–27.
Keith, D. W. (2000). Geoengineering the climate: history and prospect.
Annual Review of Energy and the Environment, 25, 245–284.
Groves, C. (2014). Care, uncertainty and intergenerational ethics. London:
Palgrave Macmillan.
Moreno-Cruz, J. B. (2015). Mitigation and the geoengineering threat.
Resource and Energy Economics, 41, 248–263.
van Vuuren, D. P., Deetman, S., van Vliet, J., van den Berg, M., van
Ruijven, B. J., & Koelbl, B. (2013). The role of negative CO2 emissions
for reaching 2 °C – insights from integrated assessment modeling.
Climatic Change, 118, 15–27.
Azar, C., Lindgren, K., Larson, E., & Möllersten, K. (2006). Carbon capture
and storage from fossil fuels and biomass – costs and potential role in stabilizing the atmosphere. Climatic Change, 74(1–3), 47–79.

Downloaded from https://www.cambridge.org/core. IP address: 143.159.41.215, on 28 Oct 2018 at 14:49:10, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/sus.2018.10

Global Sustainability
33. Azar, C., Lindgren, K., Obersteiner, M., Riahi, K., van Vuuren, D. P., den
Elzen, K. M. G. J., Möllersten, K., & Larson, E. D. (2010). The feasibility of
low CO2 concentration targets and the role of bio-energy with carbon capture and storage (BECCS). Climatic Change, 100, 195–202.
34. Morrow, D. R. (2014). Ethical aspects of the mitigation obstruction argument against climate engineering research. Philosophical Transactions of
the Royal Society A, 372, 20140062.
35. Manoussi, V., & Xepapadeas, A. (2013). Mitigation and solar radiation
management in climate change policies. Fondazione Eni Enrico Mattei,
Working Paper No. 41. SSRN-id2273439.
36. Manoussi, V., & Xepapadeas, A. (2014). Cooperation and competition in
climate change policies: mitigation and climate engineering when countries are asymmetric. Fondazione Eni Enrico Mattei, Nota di Lavoro
101. SSRN-id2535720.
37. Kahan, D., Jenkins-Smith, H., Tarantola, T., Silva, C. L., & Braman, D.
(2013). Geoengineering and climate change polarization: testing a twochannel model of science communication. Annals of American Academy
of Political & Social Science, 658, 192–222.
38. Corner, A., & Pidgeon, N. (2014). Geoengineering, climate change scepticism and the ‘moral hazard’ argument: an experimental study of UK public perceptions. Philosophical Transactions of the Royal Society A, 372,
20140063.
39. Merk, C., Pönitzsch, G., & Rehdanz, K. (2016). Knowledge about aerosol
injection does not reduce individual mitigation efforts Environmental
Research Letters, 11, 054009.
40. Morton, O. (2015). The planet remade: how geoengineering could change
the world. London: Granta.
41. Baatz, C. (2016). Can we have it both ways? On potential trade-offs
between mitigation and solar radiation management. Environmental
Values, 25, 29–49.
42. Stirling, A. (2014). Transforming power: social science and the politics of
energy choices. Energy Research & Social Science, 1, 83–95.
44. Stirling, A. (2008). Opening up and closing down power, participation,
and pluralism in the social appraisal of technology. Science, Technology
& Human Values, 33(2), 262–294.
45. Castree, N., Adams, W. M., Barry, J., Brockington, D., Büscher, B.,
Corbera, E., Demeritt, D., Duffy, R., Neves, K., Newell, P., Pellizzoni, L.,
Rigby, K., Robbins, P., Robin, L., Bird Rose, D., Ross, A., Schlosberg, D.,
Sörlin, S., West, P., Whitehead, M., & Wynne, B. (2014). Changing the
intellectual climate. Nature Climate Change, 4, 763–768.
45. Jasanoff, S. (2015). Future imperfect: science, technology, and the imaginations of modernity. In S. Jasanoff, & S.-H. Kim (Eds.), Dreamscapes of
modernity sociotechnical imageries and the fabrication of power (pp.
1–33). Chicago: The University of Chicago Press.
46. Hansson, A. (2012). Colonizing the future: the case of CCS. In
N. Markusson, S. Shackley, B. Evar (Eds.), The social dynamics of carbon
capture and storage (pp. 74–90). London: Routledge/Earthscan.
47. McLaren, D. (2016). Framing out justice: the post-politics of climate
engineering discourses. In C. J. Preston (Ed.), Climate justice and geoengineering: ethics and policy in the atmospheric Anthropocene (pp. 139–160).
London: Rowman and Littlefield.

9
48. Harvey, D. (2003). The new Imperialism. Oxford: Oxford University Press.
49. Eveland, J. D. (2016) Politico-technical systems (Blog post). Retrieved from
https://medium.com/socio-techtonic-change/politico-technical-systems8ffa91465824
50. Mitchell, T. (2011). Carbon democracy, political power in the age of oil.
London: Verso.
51. Malm, A. (2015). Socialism or barbeque, war communism or
geo-engineering: some thoughts on choices in a time of emergency. In
K. Borgnäs, T. Eskelinen, J. Perkiö & R. Warlenius (Eds.), The politics of
ecosocialism: transforming welfare (pp. 180–194). London: Routledge.
52. Foucault, M. (1981). The history of sexuality, vol. 1. London: Penguin.
53. Mirowski, P. (2013). Never let a serious crisis go to waste: how neoliberalism
survived the financial meltdown. London: Verso.
54. Lackner, K., Ziock, H-J., & Grimes, P. (1999). Carbon dioxide extraction
from air: is it an option. Proceedings of the 24th Annual Technical
Conference on Coal Utilization & Fuel Systems. March 8–11, Clearwater,
Florida.
55. Grubler, A., Wilson, C., Bento, N., Boza-Kiss, B., Krey, V., McCollum, D.
L., Rao, N. D., Riahi, K., Rogelj, J., De Stercke, S., Cullen, J., Frank, S.,
Fricko, O., Guo, F., Gidden, M., Havlík, P., Huppmann, D.,
Kiesewetter, G., Rafaj, P., Schoepp, W., & Valin, H. (2018). A low energy
demand scenario for meeting the 1.5 °C target and sustainable development goals without negative emission technologies. Nature Energy, 3,
515–527.
56. Van Vuuren, D.P., Stehfest, E., Gernaat, D.E.H.J., van den Berg, M.,
Bijl, D.L., de Boer, H.S., Daioglou, V., Doelman, J.C., Edelenbosch, O.Y.,
Harmsen, M., Hof, A.F., & van Sluisveld, M.A.E. (2018). Alternative pathways to the 1.5 °C target reduce the need for negative emission technologies. Nature Climate Change, 8(5), 391–397.
57. Endres, D., Cozen, B., O’Byrne, M., Feldpausch-Parker, A.M., &
Peterson, T.R. (2016). Putting the U in carbon capture and storage: rhetorical boundary negotiation within the CCS/CCUS scientific community.
Journal of Applied Communications Research, 44(4), 362–380.
58. Keith, D.W., Holmes, G., St. Angelo, D., & Heidel, K. (2018). A process for
capturing CO2 from the atmosphere. Joule, 2(8), 1573–1594.
59. Lohmann, L. (2005). Marketing and making carbon dumps: commodification, calculation and counterfactuals in climate change mitigation. Science
as Culture, 14(3), 203–235.
60. Lohmann, L. (2012). Financialization, commodification and carbon: the
contradictions of neoliberal climate policy. Socialist Register, 38, 85–107.
61. IPCC (2005). IPCC Special Report on carbon dioxide capture and storage.
Geneva: Intergovernmental Panel on Climate Change, Working Group III.
62. Narita, D. (2012). Managing uncertainties: The making of the IPCC’s
Special Report on carbon dioxide capture and storage. Public
Understanding of Science, 21(1), 84–100.
63. Factor, S. (2015). The experimental economy of geoengineering. Journal of
Cultural Economics, 8(3), 309–324.
64. Keith, D. (2013). A case for climate engineering. Cambridge: MIT Press/
Boston Review Books.
65. Flyvbjerg, B., Landmann, T., & Schramm, S. (2013). Real social science.
Cambridge: Cambridge University Press.

Downloaded from https://www.cambridge.org/core. IP address: 143.159.41.215, on 28 Oct 2018 at 14:49:10, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/sus.2018.10

