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a b s t r a c t

An era (2005e2015) centered around the Copenhagen Accord saw the rise of several immature socio-
technical strategies currently at play: carbon capture and storage, REDDþ, next-generation biofuels, shale
gas, short-lived climate pollutants, carbon dioxide removal, and solar radiation management. Through a
framework grounded in governmentality studies, we point out common trends in how this seemingly
disparate range of strategies is emerging, evolving, and taking effect. We find that recent sociotechnical
strategies reflect and reinforce governance rationalities emerging during the Copenhagen era: regime
polycentrism, relative gains sought in negotiations, ‘co-benefits’ sought with other governance regimes,
‘time-buying’ or ‘bridging’ rationalities, and appeals to vulnerable demographics. However, these soci-
otechnical systems remain conditioned by the resilient market governmentality of the Kyoto Protocol era.
Indeed, the carbon economy exercises a systemic structuring condition: While emerging climate stra-
tegies ostensibly present new tracks for signalling ambition and action, they functionally permit the
delaying of comprehensive decarbonization.
© 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

In 2005, a long-brewing sea change in global climate governance
became visible. The Conference of the Parties (COP) to the United
Nations Framework Convention on Climate Change (UNFCCC)
formally began negotiations for an agreement needed to succeed
1997's Kyoto Protocol. Now, a combination of historic grievances and
contemporary challenges would swiftly stall progress on a new
agreement. A large literature recounts how these efforts culminated
disastrously at the 2009 COP in Copenhagen, and were resurrected
with guarded optimism through the 2015 Paris Agreement (e.g.
Falkner, 2016).

Many works have traced the history of climate governance in
terms of institutions, negotiation agendas, and factional interests
(e.g. Gupta, 2010), or hidden dynamics underlying more visible ac-
tivities and alignments (e.g. Aykut, 2016). This paper is situated
within the latter, and poses an account of recent climate governance
as a history of emerging sociotechnical strategies designed to
address climate change (e.g. Markusson et al., 2017). We focus on a
stainability Studies, Berliner
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‘Copenhagen’ era (2005e2015) centered around the 2009 Copen-
hagen Accord, but that we stretch to include its negotiation, as well
as evolution into the Paris Agreement.

The Copenhagen era saw the rise or consolidation of a range of
sociotechnical climate strategies currently at play: carbon capture
and storage (CCS), the forest emissions crediting mechanism of
REDDþ, next-generation biofuels, shale gas, short-lived climate
forcing pollutants (SLCPs), solar radiation management (SRM) as a
kind of ‘climate engineering’, and carbon dioxide removal (CDR) as
novel carbon sinks. In this paper, we present an interpretative re-
view of secondary literature, through a framework grounded in
governmentality studies, to explore common trends in how this
seemingly disparate range of strategies is emerging, evolving, and
taking effect.

Wemake three arguments. Firstly, recent sociotechnical strategies
reflect and reinforce governance rationalities emerging during the
post-Kyoto Copenhagen era. Secondly, distinct characteristics link
various sociotechnical systems to each other, and to the resilient
market governmentalityof theKyoto era. Thirdly, the carboneconomy
exercises a systemic structuring condition. While emerging climate
strategies ostensibly present new tracks for signalling ambition and
action for reducing some palette of greenhouse gas emissions, they
functionally permit the delaying of comprehensive decarbonization.
nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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The following section outlines our conceptual framework, syn-
thesizing insights from governmentality studies in global envi-
ronmental governance, science and technology studies (STS), and
critical political economy. Section 3 details our analytical approach.
Sections 4 and 5 assess the fit between the Copenhagen era's
governmentalities and sociotechnical climate strategies in a two-
part analysis e section 4 maps the strategies sequentially, while
section 5 steps back to map overarching relationships between
these strategies in their rationales and practices. Section 6 con-
cludes that as we move into the implementation of the Paris
Agreement, understanding how climate strategies are shaped by
persistent structuring conditions may help to develop guardrails to
avoid repeating past mistakes.

2. Conceptual framework: Sociotechnical strategies,
governmentalities, and ‘fixing’

Following STS, we refer to various Copenhagen-era strategies as
‘sociotechnical’ infrastructures that combine technological hard-
ware with the software of societal contexts, beliefs, and choices.
‘Sociotechnical strategies’ is a terminological compromise on two
counts. We recognize that what we call sociotechnical (e.g. carbon
markets) includes socio-ecological (e.g. forestry management)
practices, and that ‘strategies’ is an imperfect attempt to capture a
mix of scaled (e.g. shale gas), immature (unscaled beyond the
project level, e.g. CCS), and imagined systems or interventions (e.g.
SRM).1 But our focus is not on precise types, stages, or scales. Rather,
what bridges these strategies across their scales of implementation
is their unfinished nature, and despite this e or possibly, because of
it e their reified roles in climate discourse and policy.

This brings us into contact with the STS literature on ‘expecta-
tions’ (Brown et al., 2000) and a more recent one on ‘sociotechnical
imaginaries’ (Jasanoff and Kim, 2015), which highlight the force-
fully promissory nature of envisionings and projections of a tech-
nology's future. The latter, following Jasanoff's (2004) idiom of ‘co-
production’, argues that polities design technological systems to
mirror what they desire societally. Building on initial explorations
of how these concepts can be applied to limited suites of climate
strategies (e.g. Hansson, 2011; Markusson et al., 2017), we expand
the scope of inquiry to the recent history of climate governance,
and to tie them to that era's structuring rationalities (a comparable
effort is McLaren and Markusson, 2020).

Here, we refer to ‘governmentality’, a Foucauldian concept
describing the logics and practices by which societies make them-
selves subject to control. Governmentality studies expand the climate
governance literature's purview from states and institutions to stra-
tegies andpractices dispersed atmultiple levels (Okerere et al., 2009),
and explore these activities as reflections of systemic understandings
that coordinate governing of the climate, the market, polities, and
even the individual (Stripple and Bulkeley, 2014, eds.).

We therefore see governmentalities as ensembles of climate
governance rationalities, institutions, and strategies e in this paper,
our main focus is on emerging rationalities, and how these condition
sociotechnical strategies. Governmentalities and Jasanoff's ‘imagi-
naries’ overlap; both reflect some overarching rationality that mani-
fests, respectively, as systems of (environmental) governance or
1 Using ‘strategies’ might connotate agency, or deliberate intent by particular
agents, rather than the ‘systemic structural conditioning’ referenced in the intro-
duction. This is not our intent: We could also have used neutral terms like ‘prac-
tices’ or ‘activities’, but chose a more overarching term commensurate to the scale
of global climate policy. We also do not intend to come down definitively on either
side of the agent-structure debate. This paper emphasizes structures and how
choices and actions to address climate are thereby conditioned, but climate
governance is a fluid interplay between the two.
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techno-science. Our paper reflects a connection of these literatures.
Indeed, governmentality and STS studies are part of the samewave of
exchange between global governance studies and critical disciplines,
and both governmentality (Stripple and Bulkeley, 2014, eds.) and STS
(Miller, 2004; Hulme and Mahony, 2010) approaches encourage the
analyst to be aware of the rationales and processes bywhich ‘climate
change’ e as a problem and adjoining solutions e is constructed.

We speak to governmentalities that came to animate climate
governance in the extended period surrounding the 2009
Copenhagen Accord (2005e2015). We rely on seminal work by
B€ackstrand and L€ovbrand (2006, 2016), who describe how Kyoto-
era forest projects reflected discourses that remained resonant as
political rationalities long into the Copenhagen era. Two of these
retain importance in our paper's account: ‘green governmentality’
describes the globally-focused and managerial rationality that
underpinned the formation of the Intergovernmental Panel on
Climate Change (IPCC), the UNFCCC, and the Kyoto Protocol;
coupled with ‘ecological modernization’, the socialization of
environmental governance within neoliberal market logics (ibid).

Over a decade, Kyoto's governmentalities morphed to account
for the evolving demands of global politics. The shift in the regi-
me's emphasis from operationalization of the Kyoto Protocol
(1997e2007) to the Copenhagen era's search for a post-Kyoto
framework was marked by numerous adjoining challenges: the
rise of emerging economies; the US withdrawal from Kyoto in
2001; the erosion of multilateralism in post 9/11 geopolitics; the
financial crisis of 2007e2009 (Ciplet et al., 2015). In the leadup to
the Copenhagen COP - where a post-Kyoto framework was to have
been agreed upon - it was clear that collective confidence in the
UNFCCC had broken down. Key issues included global targets, a re-
drawing of where responsibilities for emissions reductions would
now lie, and issues of finance and adaptation in most vulnerable
states; with a fragmenting global politics and austerity-driven lack
of resources hanging over the regime (Gupta, 2010; Held and
Roger, 2018). Layering B€ackstrand and L€ovbrand's papers with
concurrent analyses, we note that both governmentalities began to
converge upon a set of overlapping characteristics that is still
being cemented today.

‘Green governmentality’- the Kyoto-era's regulatory, top-down,
compliance-based logic - was rooted in a post-1970s tradition of
centralized environmental regime design.With the Kyoto Protocol's
failings increasingly exposed, and short on resources and attention,
pre-Copenhagen COP negotiations pivoted from ‘making Annex I
larger’ towards voluntary, non-binding, ‘nationally determined’ ef-
forts (Held and Rogers, 2018). This arrangement attracted support
from states on either side of the Annex I divide. The ensuing 2009
CopenhagenAccord is recognized todayas the in-between stage that
was tweaked and formalized as the 2015 Paris Agreement's pledge-
and-review system (ibid; Falkner, 2016). This evolution reflects the
fragmentation of climate governance towards what has been pro-
blematized as ‘a regime complex’ (Keohane and Victor, 2011), ‘pol-
ycentricism’ (Dorsch and Flachsland, 2017), or a ‘global fractal’
(Bernstein and Hoffmann, 2019). Discussion mirrored discourse of
the era, still familiar today: ‘coalitions of the willing’, as well as all
manner of public-private and multi-level networks. But its poten-
tials, then as now, were in flux. For some, Kyoto's logics had always
needed to cater tomoreplural perspectives, sites, and activities than
could be managed by an IPCC-UNFCCC duopoly (Prins and Rayner,
2007). For others, the cloud overshadowed the silver lining, with
Copenhagen representing an ‘enhanced status quo [inwhich] states
did what they were willing’ (Held and Roger, 2018) in a system of
‘shared unaccountability’ (Ciplet and Roberts, 2017).

Broadening the sites and objectives of post-Kyoto governance
in a time of austerity also multiplied the rationalities by which the
Copenhagen-era regimewas kept alive. Dovetailing with the trend
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towards polycentrism, there was an escalation of ‘co-benefits’
sought between addressing climate change and other governance
issues, regimes, and sectors e from energy and food security, to
land-use forestry, to air pollution and health (B€ackstrand and
L€ovbrand, 2016; Bain et al., 2015; with Mayrhofer and Gupta,
2016 indicating this was a wider governance trend). Relative
gains were sought to sustain the negotiations agenda at the
UNFCCC (Dimitrov, 2010; Khan and Roberts, 2013). Rationalities
on the value of ‘bridging’ and ‘time-buying’ options began to so-
lidify, ranging from transitional fuels that might temporarily
substitute for high-carbon fuels on route to renewables, to wider
strategies that might reduce climate impacts and allow room for
polities and economies to adapt and transition in the near term
(Buck et al., 2020). Appeals to an array of nongovernmental
stakeholders and to the world's ‘most vulnerable’ became an
increasing anchor for relevance and legitimacy (B€ackstrand and
L€ovbrand, 2016).

‘Ecological modernization’ converged upon the same charac-
teristics. The marrying of economic imperatives and environmental
ambitions through the Kyoto Protocol's carbon-accounting and
trading ‘flexible mechanisms’ (e.g. emissions trading schemes and
the Clean Development Mechanism, CDM) took on the trappings of
emerging ‘green economy’ conversations, emphasizing low carbon
transitions as part of co-benefits with health and energy security, to
be executed by an ecosystem of clubs and networks, and with
increased reference to civil society and ‘the most vulnerable’ as part
of the new polycentricism (B€ackstrand and L€ovbrand, 2016). It re-
mains unclear if and how market governmentalities (Hajer, 1995;
Bernstein, 2001; Paterson& P-Laberge, 2016) are adapting outward
from Kyoto's focus on carbon accounting and trading. Michaelowa,
Shishlov and Brescia (2019) notes that carbon markets have not,
since a 2012e2014 crash due to the financial crisis, excess credits,
and low governmental support, recovered in visibility. ‘Ecological
modernization’ might be ripe for a new mode that prioritizes low-
carbon transitions. Yet, for many, the long-term trend is less opti-
mistic: because the Paris Agreement institutionalizes the ‘volun-
tarism’ of Copenhagen, market mechanisms, reliance on private
sector funding, innovation-facing rhetoric coupled with regulatory
softening, and club-based decision-making can only intensify
(Bernstein et al., 2010; Krüger, 2017; Ciplet and Roberts, 2017; Blum
and L€ovbrand, 2019).

The prevalence of both governmentalities is reflected in various
literatures. The top-down, regulatory model of Kyoto is broadly
acknowledged(Gupta, 2010;HeldandRoger,2018), andcametobethe
subjectof critiqueasactionendemically fell shortof pledges (Prins and
Rayner, 2007); thepotentialsof a turn towardspolycentric governance
remains debated (Ciplet and Roberts, 2017; Bernstein and Hoffmann,
2019). The market rationality in climate governance reflecting car-
bon capitalism as a hegemonic social system (Oels, 2005; L€ovbrand
and Stripple, 2011) is also the subject of liberal environmentalism,
which explores norms (Bernstein, 2001), and climate capitalism or
commodification, reflecting a vast political economy literature on
carbon's marketization (Paterson& P-Laberge, 2016).

A characteristic of these governmentalities e particularly
‘ecological modernization’ e is not tackled by B€ackstrand and
L€ovbrand, but is the subject of literatures grounded in critical strands
of geography, political economy, and STS. Emerging strategies e for
example, novel carbon sinks, or sunlight reflection methods e are
argued to present systemic disincentives for reducing emissions
(McLaren, 2016) or reflect politics and discourses of delay (Carton,
2019; Lamb et al., 2020), by acting as ‘fixes’ for the carbon economy
and its preferred modes of climate governance (Markusson et al.,
2018; McLaren and Markusson, 2020). McLaren et al. (2019) issues a
provocation to inquire after these structural imperatives beyond
recent debates on ‘climate engineering’; this forms a strong
3

motivation behind our study. According to this perspective, the
animating logic of numerous climate governance strategies has
arguably been to provide a functional, short-term ‘technical fix’: to
circumvent deep-lying societal and economic structures through
technical or biophysical solutions (Nightingale et al., 2019; anoriginal
definition comes fromWeinberg, 1966). Such fixes, in effect, prolong
the systemic ‘lock-in’ of the carbon economy at a variety of sites and
scales (Unruh, 2000; Urry, 2014; Røttereng, 2018; Nightingale et al.,
2019).

A number of recentworks build onHarvey's (1982) interpretation,
which considers how ‘spatio-temporal’ fixes ‘reconfigure geogra-
phies’ to delay global capitalism's tendencies toward crises. Carton
(2016) makes the case for carbon markets as an exemplary fix, and
notes that carbon removal and sunlight reflection suites of climate
engineering similarly promise to ‘slow the rate of decarbonization’
(Carton, 2019). Markusson et al.’s (2018) ‘cultural political economy’
model makes significant contributions. New fixes (e.g. novel carbon
sinks) are arguably conditioned by and preserve the rationalities of
pre-existing ones (e.g. carbon accounting and trading);moreover, the
promissory nature of an imagined sociotechnical system, as much as
implemented, scaled-up systems, canplayas great a role in reflecting,
legitimizing, and entrenching market environmentalism (ibid).
Røttereng (2018) calls this ‘symbolic signalling’, where new tracks of
signaled ambition substitute for actual implementation. The array of
imagined and immature strategies of the Copenhagen era can,
following Carton (2019), thus be seen as a ‘mobilization of the future
to legitimise and reproduce the present’ (p.764).

Literatures on ‘lock in’ and ‘fixes’ follow critical (often, post-
Marxist) traditions, but we see value in a looser adherence to
their generalizable insights, and seek a working definition to that
effect. We note several intersecting criteria through which a
sociotechnical strategy e imagined, immature, or scaled e can
embodying logics of fixing. Firstly, a fixing strategy primarily
maintains infrastructures and rationalities for the exploitation and
usage of carbon resources, often referencing the pragmatism of
avoiding or easing profound changes to the carbon economy. Ex-
amples range from the sectoral to the systemic; in later sections,
we specify ground-level, tangible examples whenever possible.
Secondly, sociotechnical strategies can be as operative through
framings (via projections and promises), as through implementa-
tion in industry practice or institutionalization in governmental
policy (Markusson et al., 2017; Røttereng, 2018; Carton, 2019).
Thirdly, strategies benefit from dovetailing with dominant market-
facing rationalities entrenched during Kyoto Protocol era. Carbon
accounting and trading mechanisms in particular, and certain
emerging fuels and technologies, became or are becoming prom-
inent because they are calculated as cost effective, and create
additional opportunities for hype and the accumulation and re-
distribution of capital (ibid). Fourthly, fixing strategies perform
two kinds of ‘substitutions’ in climate ambitions. One presents
nearer-term opportunities for the reduction of a palette of
greenhouse gases (GHG), emerging proxies defined by global
temperature increase, or kinds of climate-related harms e but that
functionally put off strategies for long-term, comprehensive re-
ductions in the use of conventional carbon fuels. The other comes
from the emergence of seeking co-benefits with other areas of
governance: success no longer stems solely from achieving goals
and metrics defined by the climate regime, but from a hazier
balance of interests between dilemmas and trilemmas of global
issues.

Drawing upon these works, we developed a set of preliminary
analytical concepts, as outlined inTable 1, to conduct a consolidative
mapping of how governance rationalities and logics of fixing man-
ifested in sociotechnical strategies geared towards climate gover-
nance between 2005 and 2015. The following section outlines our



Table 1
Emerging rationalities from Kyoto to Copenhagen eras.
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iterative analytical approach before the results of our analysis are
presented.
3. Analytical approach: Interpretative review

For our mapping of the ways in which governance rationalities
and logics of fixing manifested in sociotechnical strategies be-
tween 2005 and 2015, we conducted an interpretive review of a
broad range of secondary analyses e qualitative, multidisciplinary
interrogations of the emergence and implications of more limited
groupings of strategies (for example, on biofuels alone, or carbon
sinks). We sourced these materials via a keyword search of Google
Scholar using the general search terms ‘sociotechnical strategies’,
‘sociotechnical systems’, ‘climate strategies’, ‘climate governance
strategies’, and ‘climate technologies’, as well as search terms
specific to each strategy or system (Kyoto's flexibility mechanisms,
CCS, REDDþ, next generation biofuels, shale gas, SLCPs, CDR,
SRM). Analyses on conventional fossil fuels, renewables like solar,
wind, and geothermal, energy efficiency, conventional and novel
nuclear, and adaptation strategies provided valuable context, but
do not form the bulk of analysis. Our data collection process was
based on the principle of ‘theoretical sampling’ borrowed from
Grounded Theory (Glaser and Strauss, 1967). According to this
principle, data is collected in parallel to analysis and continues
until ‘theoretical saturation’ is reached e the point at which all
analytical concepts are well-represented and the addition of new
materials begins to reiterate the same information (ibid). We do
not claim that this process resulted in a comprehensive meta-
review of all literature on this topic. Rather, we present an
4

interpretative review which critically explores how synthesizing
insights from governmentality, STS, and political economy can
contribute to understanding the emergence and evolution of
sociotechnical climate strategies.

Our interpretative review process involved both authors
independently undertaking a structured reading of the articles
included in the analysis on the basis of the preliminary analytical
concepts (Table 1). The review was an iterative process, with the
analytical categories being revisited and consolidated as the
analysis progressed. Specifically, we mapped how governance
rationalities and logics of fixing were reflected in the ways
various sociotechnical proposals were framed as part of assess-
ments, projections, and promises; and where relevant, how they
were implemented in partially-scaled systems, or institutional-
ized on resonant policy platforms. We inquired after how the
means and ends of a particular system were conceptualised at
their upstream stages (e.g. Brown et al., 2000). In doing so, we
asked after their promissory roles in climate politics e how
sociotechnical proposals backed an envisioned state of climate
governance, and how that envisioning was recursively used to
rationalize technological development. As an indicator of where
certain rationalities and logics became comparatively resonant,
we noted if they came to undergird existing policy platforms or
projects and infrastructures in the process of being scaled up.
Based on the mapping of these individual elements, we then
asked if and how these emerging sociotechnical strategies re-
flected the governmentalities of the Copenhagen era. The
following section details the results of this interpretative review
process.
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4. Analysis: Sociotechnical strategies of the Copenhagen era

Inwhat follows, we undertake a two-part analysis. Here (section
5), we look at the following eight sociotechnical strategies in turn:
Kyoto's flexibility mechanisms, CCS, REDDþ, next generation bio-
fuels, shale gas, SLCPs, CDR, and SRM. We match them to gov-
ernmentalities held over from the Kyoto era of 1997e2005 (green
governmentality and ecological modernization) as well as ratio-
nalities that gained in visibility during the Copenhagen era of
2005e2015 (polycentrism, co-benefits, time-buying, relative gains,
and appeals to the vulnerable). The reader can view a more sum-
marized account of this section in Table 1. In section 6, we step back
to map overarching patterns of the relationships between these
systems.

4.1. Kyoto's flexibility mechanisms

We begin by highlighting the ongoing significance of carbon
accounting and trading mechanisms that marshalled much of the
Kyoto Protocol's negotiation and operationalization. Dubbed the
‘flexibility mechanisms’, these were framed by the US and its allies as
a means to reduce near-term stress on transitioning the carbon
economy by incentivizing the most cost-effective ways to reduce
emissions, and by allowing actors to trade credits derived there-
from. The result was a widespread use of carbon offsetting. The
mechanisms consisted of carbon markets (the most prominent was
the EU Emissions Trading Scheme, EU-ETS), alongside Joint
Implementation (allowing cooperation between developed states),
and the Clean Development Mechanism (CDM), which allowed
Annex I countries to receive tradable credits (including the EU-ETS,
from 2004 onward) from emissions reductions projects in the
developing world.

Carbon offsetting and credit trading was the original manifes-
tation of the cost-effective, market-facing logics of climate gover-
nance of the Kyoto period (centrist reviews include Newell and
Paterson, 2010; Calel, 2016; Paterson and P-Laberge, 2016;
Michaelowa et al., 2019). They leave a complicated and unfinished
legacy: engaging industry and finance at multiple levels with
climate governance, and keeping heavy carbon consuming and
extracting states on board with COP ambitions (Newell and
Paterson, 2010). Yet, they may have retarded Annex I efforts to
take on more comprehensive domestic emissions reductions. Off-
setting and trading served as significant e though not exclusive e

means by which Annex I states attempted to meet their commit-
ments under the Kyoto Protocol, enjoying a ‘gold rush’ period of
investment and capital creation between 2006 and 2011
(Michaelowa et al., 2019; L€ovbrand et al., 2009), but encouraging
‘cheap and easy fixes’ with limited potential for sustained, struc-
tural change (Calel, 2016; Carton, 2016; Ciplet and Roberts, 2017).
Both the EU-ETS and CDM lie dormant currently, following a 2012
collapse due to the aftermath of the financial crisis and a fall in US
and EU governmental support (Michaelowa et al., 2019). Some
fault, tellingly, lies in abuse of the underpinning rationales of
market mechanisms: the EU-ETS was flooded by ‘hot air’ credits
from Russia and Ukraine (ibid). Lack of oversight in the CDM,
meanwhile, created perverse incentives for false accounting and
generation of credits (Schneider, 2009), and additionally often
failed to create projects with development benefits in the hosting
country (Olson, 2007).

For a time, some emerging sociotechnical proposals of the
Copenhagen era benefited from conforming to neoliberal ratio-
nalities, and more concretely, tied into accounting and trading
structures. Yet, as conditions pushed climate governance towards
polycentrism (recall Ciplet et al., 2015), knock-on rationalities
would also be catered to. A suite of climate strategies
5

exemplifying this direction of travel described new arrangements
of carbon sinks.

4.2. Carbon capture and storage

Carbon capture and storage (CCS) came to prominence around
2005 as the subject of an IPCC Special Report. Portrayed by advo-
cates as proven in (technical) concept, ripe for upscaling, and
indispensable for meeting future emissions targets (Hansson,
2011), CCS was from the beginning tied into existing industry, in-
vestment, and e importantly e plans for international credit
trading (Krüger, 2017). As a supplement that would not funda-
mentally alter the carbon economy, the idea of CCS was aided by an
additional framing as a feasible ‘bridging’ option for easing, or
buying time for, the transition of entrenched carbon in-
frastructures; and as a catalyst for more ambitious actions in the
future (B€ackstrand et al., 2011; Hanson, 2011; Markusson et al.,
2017; Krüger, 2017). CCS did not go uncontested: the ‘bridging’
framing was opposed as an example of ‘lock-in’: an excuse for
continuing carbon dependence, where incentives and resources
would be reduced for renewables, and ‘like nuclear … [be] a
techno-fix for an immediate problem with long-term negative
consequences’ (B€ackstrand et al., 2011). Indeed, CCS was only
included in the (by then, recognizably flawed) CDM in 2011, which
coincides with the winding down of the Kyoto mechanisms. This
framing juxtaposition becomes e and remains e a theme for many
incoming sociotechnical strategies.

A significant aspect of CCS is that it has, for all its alleged po-
tential, never been scaled. The bulk of large-scale CCS projects have
emerged as an adjacent suite of carbon capture and utilization in
enhanced oil recovery (CCU in EOR), where emitted carbon is reused
to expand the operational lives of existing oil fields. CCU in EOR has
potential for ‘technology spillover’ back to CCS; yet it represents a
downscaling of the original ambition, operationalised because it
extends existing carbon extraction infrastructures (Markusson
et al., 2017). For some, policy has failed to support CCS develop-
ment in carbon markets or taxes (Scott et al., 2012; Haszeldine
et al., 2018).

For others, the failure of policy is indicative: CCS serves its
purpose as a promise (Markusson et al., 2018; Røttereng, 2018). In
rhetoric, CCS is, but for some willpower, a readily-deployable
‘bridge’. Yet, a clearer marker of its significance is that in invest-
ment and policy (or lack thereof), CCS functions most powerfully as
the idea that atmospheric GHGs can be decoupled from the carbon
economy (Hansson, 2011; Markusson et al., 2017; Krüger, 2017).
Indeed, ‘CCS-ready’ serves as a legitimizing standard for new plants
(Krüger, 2017), and CCS is heavily built into IPCC emissions sce-
narios that map pathways towards ambitious climate targets (Beck
and Mahony, 2018). The latter becomes significant later, as we
discuss schemes for carbon dioxide removal.

4.3. REDDþ

Another emerging arrangement surrounding carbon sinks was
based on ‘reducing emissions from deforestation and forest
degradation’ (REDDþ), which evolved into a mechanism for
financing the reduction of forest emissions in developing coun-
tries.2 REDD þ provides a structure for actors in developed coun-
tries to finance ‘verified emissions reductions’ (VERs) in developing,
rainforest-heavy nations for managing a basket of practices that
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grew with each COP between 2005 and 2011 e eventually, defor-
estation, degradation, conservation and enhancement (Hein et al.,
2018; Cadman et al., 2016). At the same time, forestry and land-
use management is an old thread of conversation at the UNFCCC,
with REDD þ negotiations (2005e2011) building on preceding
negotiations on afforestation and reforestation, and their pro-
spective inclusion in the CDM (2001e2004).

REDDþ represented the emergence in the 2000s of ‘co-benefits’
with other governance issues; here, between climate, local devel-
opment, and biodiversity (Eliasch, 2008). Co-benefits also dove-
tailed with economic rationalities: managing forestry, particularly
when these manifested as forest carbon projects in the developing
world, was less costly and disruptive for developed countries than
conventional mitigation efforts (Hein et al., 2018). A sense of pur-
suing relative gains e lower-hanging fruit on the agenda for sus-
taining the UNFCCC's visibility and relevance e became more
important in the period marking fractious post-Kyoto negotiations;
REDD þ negotiations and post-Kyoto talks both began in 2005.
Moreover, forestry and land-usemanagement had long been a track
of UNFCCC negotiation that represented a balance of interests be-
tween the US and allied states seeking access to offsets, and forested
developing nations seeking access to finance (Boyd et al., 2008).

In that vein, REDDþ‘s credit accounting structure reflects the
resilience of ‘market-based conservationism’ (Hein et al., 2018). At
the same time, REDDþ‘s VERs cannot (for now) substitute for do-
mestic emissions reductions in donor states; it is unclear whether
REDDþwill transition toamarketizedoffsetmechanismor remaina
financing instrument (Cadman et al., 2016). Recall that afforestation
and reforestation had been included in the Kyoto Protocol's CDM;
without the offsetting aspect, commentators have questioned the
functional benefit of supporting REDD þ for developed states.
Røttereng (2018) argues that this is evidenceof afix:REDDþ is virtue
signalling for carbon consuming and extracting states that distracts
from their actual agendas, with the same collection of states
showing strong rhetorical support for both REDDþ and CCS as
promissory carbon sinks.

4.4. Next-generation biofuels

It was not just (marketized) carbon sinks that reflected these
rationalities. Over the turn of the millennium, rising oil prices led to
energy security concerns in the global North, which provided
context for two strategies with proposed co-benefits for addressing
climate change as lower-carbon ‘bridging’ fuels. The first is biofuels:
a sociotechnical strategy with multiple generations, each with
unique characteristics. The ‘first generation’ of biofuels, generated
from food crops, had for years been supported by US and EU policy
(e.g. the EU's 2003 Biofuels Directive; the Energy Independence and
Security Act of 2007 in the US) as a marrying of energy security and
climate objectives. Uncommonly amongst the sociotechnical strate-
gies assessed here, first generation biofuels in the mid-2000s rep-
resented an internationally scaled system of production and usage
across the global North and South. But from 2007 to 2008, a global
food crisis threw biofuels' conflicts with food security into sharp
relief. A range of studies have since pointed out the effects of biofuels
demand inmoving production from traditionally food-growing areas
into cash crops e although a number of factors, including escalating
oil prices, acted in sum to generate food shortages (e.g. Naylor et al.,
2007; Clapp and Cohen, 2009; Ajanovic, 2010).

Next generation biofuels e the second is based on non-food resi-
dues (prominently, cellulose), and further generations propose the
use of algae and other materials e were then proposed to regain co-
benefits across the ‘biofuel trilemma’ (Tilman et al., 2009; see also
Hunsbergeret al., 2014on ‘sustainable biofuels’). Despite tremendous
hype, next generation biofuels remained commercially unscaled
6

through the Copenhagen period, with the 2008 recession reducing
incentives for bridging considerable technical gaps. Only towards the
presentdayhas somebiorefinery infrastructurebeenapproachedand
growth projected; though these remain far short of original targets
(Hayes, 2013; Valvidia et al., 2016; Hassan et al., 2019).

The value of these proposed biofuels over the past decade has,
arguably, been as a promissory ‘bridge’ not only for higher-carbon
fossil fuels (e.g. in transport), but for locking-in the older, more
controversial version of itself. The idea of ‘next generations’ was a
proxy for an imagined biofuels industry evolved to link climate,
energy, and food imperatives e and has thus maintained the po-
litical positioning, policy support, and infrastructure of first-
generation biofuels precisely by claiming that they would inevi-
tably be substituted (Kuchler, 2014).

4.5. Shale gas

Shale gas, emerging around 2008 in the US, was another form of
‘bridging’ fuel with co-benefits e we use shale as an imperfect
proxy for debates on the potentials of other unconventional, ‘tight’
fuels. As with biofuels, shale gas was a beneficiary of US energy
security goals; its potentials as a new fuel sector during the 2008
recession gave it further visibility. Combinedwith the refinement of
hydraulic fracturing and horizontal drilling approaches, the
expansion of shale gas operations in the US has beenwidely termed
a ‘revolution’. And like biofuels, shale gas was advertised for its
climate co-benefits, a kind of ‘green carbon’ that would substitute
for higher carbon options e in this case, coal in electricity genera-
tion (Tour et al., 2010; Howarth et al., 2011). This ‘bridge’ was
premised on shale gas disrupting the political resonance and in-
frastructures of the coal industry, but analysts were wary that shale
gas would substitute for renewables rather than coal in the near
term, as well as generate lock-in around its own policy support,
structures, and markets in the long term (Schrag, 2012; Levi, 2015).

There is mixed evidence about which kind of substitution is
coming to pass. US emissions fell during the scaling up of the shale
gas industry, but gas-for-coal substitutionwas onlyone contributing
factor (Feng et al., 2015), and methane leakage in upstream pro-
cesses remained an issue (Newell and Raimi, 2014). Without
concerted policy ‘guardrails’e for example, limiting energy demand
growth, reducing methane leakage, ensuring substitutionwith coal
rather than renewables, and restricting low-carbon lock-out
(Lazarus et al., 2015; Shearer et al., 2014) e the lock-in of shale gas
interests may in the long-run produce comparable climatic impacts
to coal, due to a combination of ‘fugitive’ methane, effects on
depressing oil prices, and expanding infrastructure (Waxman et al.,
2020). Moreover, shale gas was in this period a US-centered enter-
prise. With large global reserves and growing markets in Asia and
the EU, shale's implications in multiple issues e geopolitical, eco-
nomic, in energy systems e are still unfolding, fromwhich impetus
for its development may ultimately lie (Holz et al., 2015).

4.6. Short-lived climate forcing pollutants

Around 2011, the debate on short-lived climate forcing pollutants
(SLCPs) repurposed efforts to reduce a heterogeneous range of
aerosols from industrial production, agriculture (crop degradation),
and other sectors as a co-benefit between air pollution, ozone layer
governance, health, food security, vulnerable populations, and
climate change (UNEP/WMO, 2011; Shindell et al., 2012). Discus-
sion on SLCPs within the UNFCCC COPs were muted during this
period, but as early as 2012, a still-growing Climate and Clean Air
Pollution (CCAC) of states, cities, and organizations was lauded as
an example of climate governance's new polycentricism. Many saw
an opportunity to sidestep the UNFCCC and to generate climate
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action at less fractious venues. SLCPs, indeed, saw rapid policy
expansion at the international level, with the Gothenburg Protocol
of the Convention for Long-range Transboundary Air Pollution
taking on black carbon (BC) in 2012, theMontreal Protocol on ozone
in 2016 addressing hydrofluorocarbons (HFCs), and the Arctic
Council adopting BC targets in 2017.

Besides seeking co-benefits and spurring effective polycentrism,
a key rationality underpinning SLCP actions was the capacity to
reduce warming in the near-term (prior to 2050), since SLCPs
remain in the atmosphere for a fraction of the time that carbon
does, while in some cases embodying many times carbon's
warming potential. Victor, Zaelke and Ramanathan (2015) argued
that tangible, feasible action in the near term (recall conversations
on CCS, biofuels, and shale oil) might spur heavy carbon emitters to
take on more comprehensive actions in the future, and disregarded
the prospect SLCPs might distract from long-term carbon re-
ductions as a ‘curious political logic that imagines countries can't
focus on more than one thing at a time’ (p.796).

Scientific networks, generally, were circumspect, warning that
SLCP reductions could not buy time or provide a bridge for low-
carbon transitions. SLCP reductions could slow certain near-term
risks (e.g. some ecosystems; sea level rise), but would not halt
warming in the long term if carbon was not also reduced. More
plainly, SLCPs could not allowed to be fungible with or substitute
for carbon, as this might disguise and prolong emissions of the
latter (Myhre et al., 2011; Bowerman et al., 2013; Shoemaker et al.,
2013; Allen, 2015). Yet, some evidence indicates this is coming to
pass in the post-Paris period, where Nationally Determined Con-
tributions (NDC) include SLCPs under a single, economy-wide GHG
metric, shading distinctions between actions on near-term SLCPs
and long-term carbon in reaching their targets (Ross et al., 2018;
Shindell et al., 2017).

4.7. Carbon dioxide removal

A final pair of sociotechnical strategies in this era emerged in the
mid-2000s, originally grouped as forms of ‘geoengineering’ or
‘climate engineering’. The term encompasses two technically dis-
similar suites: carbon dioxide removal (CDR) proposes a variety of
natural and technological sinks for filtering and storing carbon
directly from the atmosphere (unlike CCS, which operates at
source), while schemes for solar radiation management (SRM)
propose that increasing the albedo of the planet's surfaces could
reflect a degree of sunlight and thereby reduce warming and its
impacts. The initial pairing of these suites was a function of scale
and intent, with early conceptualizing of both CDR and SRM as
transboundary, even planetary interventions in the climate system
(Keith, 2000; Shepherd et al., 2009), with some harkening to Cold
War eraweather modifications (Fleming, 2009) or a renewed sense
of stewardship as part of the ‘Anthropocene’ zeitgeist (Brand, 2009;
see also Rockstr€om et al., 2009).

CDR, or of late, ‘negative emissions technologies (NETs)’, had a
more circuitous rise to prominence. An early-2000s variant, ocean
iron fertilization (OIF), was scientifically discredited following
initial promise. The upscaling of a technologically-grounded range
of direct air capture (DAC) approaches remains held back in part by
high energy requirements (Wilcox et al., 2017). The collective
prospects of the idea of carbon removal were revived in 2013 by the
inclusion of bioenergy carbon capture and storage (BECCS) e an
immature CDR proposal with a single pilot demonstration e in the
vast majority of the IPCC Fifth Assessment Report's emissions sce-
narios onwhich the Paris Agreement targets of 2C and 1.5C came to
be based. This led to observations that the achievability of global
climate targets was functionally propped up by a speculative
technology and its underpinning assumptions (Anderson, 2015;
7

Geden, 2016).
BECCS has since been argued to implicitly commit climate

governance to ‘the promise of negative emissions’, reflecting the
promissory nature of CDR as well as the evolving framings of
scientific assessment (Beck and Mahony, 2018). As a discursive
totem, CDR or NETs continues to expand, and has come to marshal
carbon sinks with diverse backgrounds: from DAC, to BECCS, to
forms of terrestrial CDR often recategorized from existing land-
use and forestry management practices, to ocean-based ap-
proaches. Conversely, CCS debates are referencing CDR to regain
visibility (Bui et al., 2018). CDR's original framing as large-scale
‘climate engineering’ or ‘intervention’ is dissipating; the suite is
increasingly normalized as carbon sink-based mitigation, and
given impetus by platforms that aim at carbon neutrality by 2050
(Geden et al., 2019).

Given CDR's growing profile, many called pragmatically for in-
vestment and incentivization (e.g. Lomax et al., 2015; Bellamy and
Geden, 2019). Yet, BECCS in 2013 was (and remains) a projection of
integrated assessment modeling (IAM) that calculates IPCC sce-
narios e BECCS was prominently featured in emissions projections
because of model assumptions that it would become highly cost-
effective post-2050. Moreover, BECCS is a chimera of biomass en-
ergy and CCS, two sociotechnical strategies with resilient contro-
versies (Buck, 2016). Suggestions for improving BECCS0 potentials
rely on improvements to CCS infrastructures and a turn to next-
generation biofuels to reduce land-use trade-offs e in this sense,
BECCS is an imaginary that builds on the unfulfilled potential of
previous ones (Markusson et al., 2018).

Despite these uncertainties, heavy BECCS deployment in
modeling scenarios allows emissions to ‘overshoot’ in the near term
before being sequestered later in the century e effectively, a time-
buying scheme for climate policy created from modeling parame-
ters (Anderson, 2015; Beck and Mahony, 2018; Markusson et al.,
2018; Carton, 2019) that reflects 'a long history' of how carbon
sinks have been historically discussed and branded (Carton et al.,
2020). The degree to which other novel CDR approaches may
reflect similar logics is underexamined. Indeed, BECCS and direct
air capture (DAC) share some of ‘the same technical, regulatory, and
financing frameworks needed for CCS’ (Haszeldine et al., 2018, p.16)
e and by extension, some potentials for prolonging carbon in-
frastructures. McLaren et al. (2019) proposes policy guardrails
against perverse incentives in enhanced oil recovery (recall CCS),
industry calls for CDR to serve as a source of (tradable) carbon
offsets (recall carbon sinks and market mechanisms), and a hazy
substitutability between conventional carbon reductions and
negative emissions in setting targets (a similar concern exists for
SLCPs).

4.8. Solar radiation management

For most of the Copenhagen era, the idea of SRM as regional or
planetary sunshades drew greater and more fractious debate than
CDR. A 2006 essay by Nobel laureate Paul Crutzen (of ozone layer
governance) saw one SRM option as selectively allowing some in-
crease of climate-cooling sulphate pollutants that are already by-
products of shipping and industry e an uneasy trade-off between
air pollution and climate goals (Crutzen, 2006). These early links
with SLCPs would go dormant, with SLCP governance focusing on
the co-benefits with reducing climate-heating pollutants. SRM
schemes came to be dominated by more novel, earth systems
modeling-driven scenarios for a layer of reflective (often, sulphate)
particles in the upper atmosphere, dubbed stratospheric aerosol
injection, or SAI (Irvine et al., 2016).

SRMbecame active as a fringebut forceful ideae even now, it has
negligible mainstream political support, and scarcely any
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development or demonstration projects (Doughty, 2018) and engi-
neering beyond proof-of-concept calculations (Smith and Wagner,
2018). The perceived technical strength of SRM e using volcanic
eruptions as a proxy e has been its potential to cool the climate
within weeks or months (Crutzen, 2006). A ballooning amount of
assessment pointed out that sunlight reflection, as modeled, could
reduce warming and many attendant harms (Irvine et al., 2016)
while presenting a systemic range of environmental and political
challenges (Blackstock and Low, 2018 collects articles written
2012e2016). ‘Cheap, fast, and imperfect’ became a resonant short-
hand particularly of SAI (Parson and Keith, 2013), as did a ‘risk vs.
risk’ framing e SRM perhaps made sense only in comparison to the
risks of poorly-mitigated climate change (Linner andWibeck, 2015).

Scientific networks sounded many cautious notes. An early
framing of SRM as an ‘emergency’ mechanism was warned against
for scientific uncertainties and playing into the politics of panic
(Markusson et al., 2014; Sillmann et al., 2015). Deployment schemes
by coalitions were studied but warily regarded (e.g. Ricke et al.,
2013), and an initial assessment focus on regulation of prospective
deployment (Victor, 2008; Virgoe, 2009) pivoted to a more poly-
centric governance of research itself (Nicholson et al., 2018). The
most prevalent defense of SRMpotentials came to be (and still is) as a
time-buying strategy (Neuber and Ott, 2020), underpinned by sce-
narios that model SAI's capacity to reduce a broad spectrum of
climate harms, especially if coupled with strong mitigation (e.g.
MacMartin et al., 2014). These conclusions were accompanied by
appeals to SRM's capacity to blunt impacts for vulnerable pop-
ulations (Horton and Keith, 2016), that SRM could spur stronger
recognition of and action on conventional mitigation (Reynolds,
2014), and calls for more enabling, mission-oriented research pro-
grams (Victor et al., 2013; Keith, 2017). Others described these sce-
narios as the use of modeling parameters to create as rose-tinted a
depiction of deployment as possible, questioning benefits for the
vulnerable as well as the capacities of a certain kind of model (and
scientist) to set the terms of debate (Stilgoe, 2015; Flegal and Gupta,
2018; McLaren, 2018) in critique that mirrors that of BECCS in inte-
grated assessment models.

Much contention existed over SRM's potential e due particularly
to the ‘cheap, fast, and imperfect’ trope’ e to reduce incentives for
comprehensively reforming the carbon economy, as both an idea and
as a sustained deployment. Recognition of these potentials remain
pragmatic and prevalent; since the debate's earliest days, researchers
have issued warnings is that SRM only masks warming, and cannot
substitute for carbon reductions. For some, this so-called ‘moral
hazard’ is ambiguouslysystemicandthereforeunhelpful (Hale, 2012);
for others, it is overstated (Reynolds, 2014). Of late, critical geography
has revived SRM and its moral hazard as exemplary of a carbon
economy fix, ‘buying time for market-driven [mitigation] policy and
reducingnear-term risk’ (Surprise, 2019; Gunderson et al., 2019)with
a comparable logic to that of CDR and CCS (Carton, 2019). More con-
crete readings see moral hazard as forms of ‘substitution’ or ‘deter-
rence’ in mitigation efforts grafted onto existing sociopolitical issues
andpolicyplatforms, forwhichpre-emptivepolicyguardrailsmustbe
constructed (Lin, 2013; McLaren, 2016).

5. Analysis: Governmentality patterns

We previously noted how Copenhagen era (2005e2015) climate
strategies were framed, how they embodied evolving gov-
ernmentalities, and how they were beginning to appear as practices
that prolong the near-term stability of the carbon economy. Here, we
draw more systematic insights. We observe distinct patterns in how
these sociotechnical strategies referenced governance rationalities
and engendered forms of fixing, and in how strategies built upon the
rationalities and infrastructures of those that came before (see
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column 4 of Table 2, as well as Table 3). Markusson et al. (2017, 2018)
describe the latter as ‘defensivefixes’e a pathdependencyof techno-
fixes.

We observe a transition and continuity, rather than a clean
break, between governmentalities of the Kyoto (1997e2005) and
Copenhagen (2005e2015) periods. Fledgling strategies entrenched
the carbon economy and mode of climate governance dominant
during the Kyoto period in three ways: generating carbon credits,
repurposing existing carbon infrastructures, and capitalizing on
energy security.

The first shows the resilience of the market-facing practices of
‘ecological modernization’. CCS, REDDþ, and to a less clear degree,
CDR, arose as carbon sinks linked to offsetting, accounting, and
trading mechanisms (Røttereng, 2018). CCS was included in the
CDM; as was the grouping of ‘afforestation and reforestation’ that is
an antecedent to REDDþ, which follows a similar logic of gener-
ating emissions credits. Strategies also maintained infrastructures of
carbon fuel extraction and usage more directly. Fuels comparatively
lower in carbon content e biofuels and shale gas e were argued to
be substitutable for higher carbon variants in ostensibly limited
circumstances, but in the process presented opportunities for
lengthening the use of existing carbon infrastructures (e.g. the
promise of next generation biofuels prolonging first-generation
use; shale gas substituting for renewables as much as for coal,
and expanding the long-term oil and gas economy), and for co-
optation by industrial interests. Many argue that CCS and kinds of
CDR (e.g. direct air capture), through deployment in enhanced oil
recovery, are beginning to follow in these tracks (Markusson et al.,
2017; McLaren, 2019; Carton, 2019). BECCS is exemplary of path
dependencies, linked to biomass energy and CCS, and further on to
the logics of marketized carbon sinks (Buck, 2016; Markusson et al.,
2018; Carton et al., 2020). The third positions climate goals as a co-
benefit with the pressing demands of energy security (particularly in
the US) emerging over the early 2000s, with the clearest examples
being biofuels and shale gas.

At the same time, the shape of Copenhagen-era strategies shows
the marks of emerging regime fragmentation in the mid-2000. A
loss of confidence in the UNFCCC's centralized, managerial mode of
governance in the fractious post-Kyoto negotiations, and an
ensuing openness towards a polycentrism of seeking climate-related
goals through adjacent UN regimes, minilateral coalitions, and
multilevel arrangements of states, municipalities, industries, and
civic organizations, became the Copenhagen era's prevailing ra-
tionality. The need to keep the climate regime alive took form as a
strengthening of rationalities for seeking relative gains, co-benefits,
and bridging strategies, which trickled down into the appeals to
viability and legitimacy made of new sociotechnical strategies. At
the same time, rationalities of co-benefits and time-buying in
particular presented opportunities for locking in carbon structures
in less direct ways than entrenchment of cost- and market-friendly
governance, or governance directly coupled to systems of carbon
extraction and use.

References to co-benefits for legitimizing climate strategies with
energy security (biofuels, shale gas) and development (the CDM)
were joined by the linked issues of land-use, forestry, and agri-
culture (REDDþ and various kinds of terrestrial CDR), and air
pollution (SLCPs and biofuels). Food security became significant e
as a minimization of trade-offs e for hyping new biofuels after the
2007 food crisis; this issue was newly raised for BECCS as a com-
bination of biomass energy and CCS systems. Mayrhofer and Gupta
(2016) point out that the ‘co-benefits’ rationality's main potential is
to incorporate climate objectives into more immediate processes of
local and global governance. At the same time, there are dangers in
treating climate goals as ‘side effects of another goal that might be
higher on the political agenda’ (ibid, p.27). The perception and



Table 3
Governmentality patterns.

Table 2
Sociotechnical strategies.

Sociotechnical
strategy

Arrival period & circumstances Degree of scaling Match with Kyoto and Copenhagen
governmentalities

Flexible
mechanisms

1997 Kyoto Protocol Kyoto Protocol ‘flexibility mechanisms’ � Ecological modernization: cost-effective,
market facing climate governance based on
offsets and credit trading

CCS 2006-2010 debate on CDM inclusion Permitted in CDM in 2011 but never scaled � Ecological modernization: carbon markets,
prolonging carbon infrastructures

� Relative gains: sustaining carbon markets
� Time-buying for easing carbon transitions

REDDþ Negotiated between 2005-2013; preceded by
forestry and land-use debate

Modest number of projects, remains a financing
mechanism.

� Ecological modernization: carbon accounting
and credit generation

� Relative gains: financing for forest nations
� Co-benefits: development, biodiversity

Next gen biofuels After 2007 food crisis, built upon early 2000s 1st
gen biofuels

Only first-generation (food crop-based) scaled � Co-benefits: energy and climate goals;
pivoted to reducing trade-offs with food
security

Shale gas 2005-2011, driven by energy security and
industry innovations

Rapidly expanded in US; markets and reserves
mapped in EU and Asia

� Co-benefits: energy and climate goals
� Time-buying for easing carbon transitions

based on gas-for-coal substitutions, catalyze
more deep-lying mitigation

SLCPs 2011 recognition of air pollutants as climate
heaters

BC, HFCs and methane listed in various
platforms, including Paris NDCs

� Co-benefits: air pollution, ozone layer
governance, health, food security,
development and vulnerable populations,

� Time-buying: accompany and catalyze more
deep-lying mitigation

CDR Early 2000s, with ocean fertilization; 2013 with
BECCS in AR5

Increasing attention as part of Paris targets, but
unscaled

� Ecological modernization: carbon markets,
prolonging carbon infrastructures

� Time-buying for easing carbon transitions
based near-term carbon emissions overshoot

SRM 2006 Crutzen essay on sulphate forcing Nascent small-scale mechanics tests � Time-buying for easing carbon transitions by
dampening climate impacts particularly for
vulnerable populations, catalyze more deep-
lying mitigation

Column 1 names emerging sociotechnical strategies of the Copenhagen era (2005-2015). Column 2 describes the period of arrival, while column 3 describes the degree of
infrastructure scaling. Column 4 notes how sociotechnical strategies reflected evolving governmentalities of the Kyoto and Copenhagen eras, including logics of lock-in and
fixing.
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advocacy of a co-benefit can fade as contradictions surface during
operationalizatione REDDþ and development, or biofuels and food
security, or shale gas and energy-related imperatives e and
balancing interests between governance issues becomes subject to
scientific uncertainties and political horse-trading. Indeed, a co-
benefits agenda might also be understood partly as trying to
reframe critiques of harmful side effects. In some cases, if the
driving forces of a climate strategy come from rationales external to
climate governancee for example, shale gase ‘co-benefits’ actually
disguises trade-offs.

Another manifestation of the regime's fragmentation was an
increased openness towards relative gains in the negotiation agenda
that might maintain some momentum at the UNFCCC. Though it
stands outside the scope of our investigation, Khan and Roberts
(2013) point out that adaptation funding received much needed
support (at least on paper) under this rationale. Negotiations for
REDD þ as a financing mechanism for forest nations (2005e2013),
and including CCS in the CDM (2006e2010), similarly benefited in
the post-Kyoto process. Dovetailing with these rationalities were
resurgent appeals to demographics apart from governments and
industry to sustain climate action e B€ackstrand and L€ovbrand
(2016) note that the visibility of civic and non-governmental or-
ganizations in this period rose as part of a move to polycentrism.
Some of this manifested as appeals to the welfare of ‘most vulner-
able’: as presenting co-benefits (or at least minimizing trade-offs)
with development (next-generation biofuels, REDDþ, SLCPs), or
for SRM, as a measure that might alleviate climate harms and buy
time for developing adaptive capacities (Horton and Keith, 2016).

The emergence of the ‘time-buying’ or ‘bridging’ rationality e

easing the near-term strain for economies and societies on route to
comprehensive low carbon transitions e camewith many varieties,
and displays the strongest potentials for lock-in. Some tied clearly
into the cost-effective, market-facing climate governance of the
Kyoto era. An ostensibly transitory low-for-high carbon fuel substi-
tution (biofuels and shale) has been noted. CCS tied into the struc-
tures of tradable carbon credits, and was exemplary of the promise
to ease transitions for carbon infrastructures; a logic expanded for
CDR (e.g. BECCS) in permitting near-term ‘overshoot’ of emissions
trajectories due to the promise that emitted carbon can be seques-
tered from the atmosphere in the future. SLCP reductions are pro-
jected to reduce certain near-term impacts, and SRM scenarios
promise the same by slowing or halting temperature increase.

In debates that accompanied the growth of each of these pro-
posals, scientific networkswere careful to preface that none of these
options can or should in the long run substitute for reducing emis-
sions by replacing conventional fossil fuels. Advocates (for example,
in CCS) extended the idea of a ‘bridge’ to argue that feasible com-
promises might catalyze more systematic reductions in the future
(B€ackstrand et al., 2011); a variation of this for SRM argues that the
prospect of a planetary sunshade might shock actors into stronger
mitigation (Reynolds, 2014). Nevertheless, it is already clear that the
bridging rationality presents opportunities for prolonging carbon
structures. CCS has yet to be implemented at scale despite a decade
and a half of investment and hype, indicating that its function is
servedasambition signalling (Markussonet al., 2018), andRøttereng
(2018) notes this for REDD þ as well. US shale gas production (and
biofuels, though this is not a fossil fuel) was deployed more due to
energy security and intra-industry innovation rather than for
climate objectives, and already displays self-sustaining logics
(Lazarus et al., 2015;Kuchler, 2014). SRMandSLCPspresent perverse
opportunities for climate ambition based on proxies for compre-
hensive carbon emissions reductions: (rates of) temperature in-
crease for SRM, or a more feasibly manageable basket of GHGs (e.g.
HFCs) in SLCPs. Many countries, for example, combine HFC and
methane reductions with carbon reductions through an economy-
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wide emissions target in the Paris Agreement's Nationally Deter-
mined Contributions (Ross et al., 2018); others warn that fungibility
must not be emerge between conventional carbon reductions and
negative emissions (McLaren et al., 2019).
6. Conclusion

A bird's eye view reveals what smaller scale analyses might not.
Most studies of climate's sociotechnical strategies are based on
single examples or smaller groupings, and when linking these sys-
tems, qualifications abound at eye-level. But taken as a whole, pat-
terns emerge. The Copenhagen era's proposals and systems
navigated emerging rationalities that responded to the increasing
fragmentation of the global regime. However, they strongly repro-
duced entrenched structures and rationalities of the Kyoto era,
presenting numerous outlets for signalling climate ambition while
delaying more deep-lying forms of decarbonization.

Our intent is not to denigrate considerable advances that have
been made in mitigation efforts, nor to declare all incoming climate
strategy hopelessly compromised. Indeed, we leave out a number of
sociotechnical strategies fromourassessment, particularly renewable
energy and efficiency, nuclear energy, and adaptation strategies.
When assessing how the near-term carbon economy is ‘fixed’ by
emerging efforts, omitted systems may offer countering logics.
Rather, we sound a cautionary note about hype and advocacy
regarding immature and imagined sociotechnical strategies. From
CCS to SRM, each debate in the course of emergence saw myopic
claims made about that system's potentials, and even that they pre-
sent opportunities for avoiding or altering conditions that hampered
previous efforts. A longer andwider arc of climate governancee even
limited to the decade between 2005 and 2015 e indicates that these
proposals, for all their different technical specifications, filed into
comparable and often well-worn political usages. Structure e gov-
ernmentalities built around the carbon economy e does matter.

Yet, structure need not be deterministic. Pointing to these gov-
ernmentalities hasbeen accompaniedbyavenues for altering them, in
the form of proposed policy incentives and safeguards e see Chhatre
et al. (2012) for REDDþ, Lazarus et al. (2015) for shale gas, Shindell
et al. (2017) for SLCPs, McLaren et al. (2019) for CDR, and McLaren
(2016) and Reynolds (2019) for SRM. The question is whether these
guardrails canbe constructed, aswemove into a period of governance
marked by the implementation of the Paris Agreement, spurred
further by carbon neutrality platforms, the European Green Deal, and
of late, the opportunities and constraints set in motion by plans to
restart the global economy in the aftermath of Covid-19. Whether
these sociotechnical strategies come to ‘repackage’ Copenhagen gov-
ernmentalities in a laissez-faire mode of climate polycentrism
(Bernstein et al., 2010;Held and Roger, 2018; Ciplet andRoberts, 2017;
Blum and L€ovbrand, 2019) or offer opportunities for catalyzing a low-
carbon transition, depends on our collective determination that the
past assessed here need not be prologue.
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