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struggled to scale. Its journey so far, the “show pony” phase, has proven
technical feasibility, captured policy attention and secured a place for CCS in
binding net-zero strategies. But for CCS to now deliver meaningful climate
mitigation, the focus must shift from proving what can be done to governing
how it's done.

In this thesis, | analyse policy frameworks in Norway and the European Union
and find that the current market-driven approach is structurally misaligned
with both the technology’s material realities and the climate justice principles
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CCS as a market commodity to stewarding it as
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Abstract

This thesis examines the governance of Carbon Capture and Storage (CCS)
technology in its current phase of policy-driven deployment within European
climate policy. Positioned in the gap between established critique of CCS and its
newly central role in binding net-zero strategies, my research adopts a critical-
pragmatic stance to acknowledge that CCS is a contentious technology embodying
risks of carbon lock-in and mitigation deterrence, while simultaneously recognising
its political inevitability for decarbonising hard-to-abate sectors within the post-
Paris Agreement context. My research aim is to offer a constructive critique of CCS
governance by asking how deployment can be aligned with climate justice
principles.

I employ three theoretical lenses; the concept of imaginaries diagnoses the dominant
vision driving CCS policy, revealing a “techno-market” imaginary that frames CCS
as an inevitable, cost-efficient market commodity. A cosmopolitan climate justice
framework, grounded in the equity principles of the United Nations Framework
Convention on Climate Change and the Paris Agreement, provides the moral
compass to evaluate this imaginary. Finally, a political economy of decarbonisation-
lens analyses the governance structures, specifically the roles of state and market,
that enact this vision. Through a multi-method qualitative approach including
systematic literature reviews, comparative policy analysis and expert interviews,
this research analyses the Norwegian and European Union policy architecture. The
findings demonstrate that the current dominant governance model, predicated on the
techno-economic imaginary, is structurally misaligned with CCS’s material realities
and ethical imperatives. This manifests in three core trends, namely through
depoliticisation of the need for CCS, a gatekeeper problem with incumbent industry
and lastly, how the market has so far failed to scale. In response, I argue for a
conscious re-imagining of CCS governance through a shift from a market-
commodity to a public-good model. In conclusion, this research contributes a
timely, justice-centred framework for governing a contentious but important
technology. The findings suggest CCS has successfully completed its phase as a
“show pony” by proving technical feasibility and securing political mandate. For it
to now become an effective “working horse” for decarbonisation, its governance
must be reoriented around public stewardship and cosmopolitan justice principles,
moving beyond a sole market logic to ensure just and effective large-scale
deployment.



Sammendrag

Denne avhandlingen underseker styringen av karbonfangst- og lagringsteknologi
(CCS) i den ndvarende fasen av politikkdrevet utrulling innen europeisk
klimapolitikk. Jeg plasserer min forskning i gapet mellom etablert kritikk av CCS
og dens nye, sentrale rolle i bindende netto-null-strategier. Jeg inntar en kritisk-
pragmatisk holdning som erkjenner at CCS er en omstridt teknologi, med risiko for
karboninnlasning og at den kan virke som sovepute for utslippskutt. Samtidig
anerkjenner jeg dens politiske uunngaelighet for & dekarbonisere sektorer som er
vanskelige & omstille 1 konteksten etter Parisavtalen. Hovedmaélet med forskningen
er & g& fra & kritisere CCS som en spekulativ idé til konstruktivt & undersoke
styringen av den, og sperre hvordan implementeringen kan tilpasses prinsippene for
klimarettferdighet.

Jeg bruker et tverrfaglig rammeverk som syntetiserer tre teoretiske perspektiver:
Begrepet «imaginere» [fra engelsk «imaginaries»] diagnostiserer den dominerende
visjonen som driver CCS-politikken, og avdekker et teknologisk-gkonomisk-
imaginar som rammer inn CCS som en uunngéelig, kostnadseffektiv markedsvare.
Et  kosmopolitisk =~ rammeverk  for  klimarettferdighet,  basert pa
rettferdighetsprinsippene i FNs klimakonvensjon og Parisavtalen, gir det moralske
kompasset for & evaluere dette imaginzret. Til slutt analyserer en politisk gkonomi
av dekarbonisering styringsstrukturene, spesielt statens og markedets roller, som
gjennomferer denne visjonen. Gjennom en kvalitativ flermetodisk tilnerming,
inkludert systematiske litteraturgjennomganger, komparativ politikkanalyse og
ekspertintervjuer, analyserer denne forskningen den norske og europeiske unions
politiske arkitektur.

Funnene viser at den navarende dominerende styringsmodellen, basert pa det
teknisk-ekonomiske imaginaret, er strukturelt i misforhold til CCS' materielle
realiteter og etiske imperativer. Dette manifesterer seg i tre hovedtrender: for det
forste gjennom en depolitisering av behovet for CCS, for det andre et portvakt-
problem knyttet til den etablerte industrien, og til slutt gjennom hvordan markedet
sé langt har mislyktes i & skalere teknologien. Som svar pd dette argumenterer jeg
for en bevisst nytenkning av CCS-styringen gjennom en overgang fra en
markedsvare- til en offentlig gode-modell. Konklusjonen er at denne forskningen
bidrar med et tidsriktig, rettferdighetsorientert rammeverk for styring av en
omstridt, men viktig teknologi. Funnene tyder p& at CCS har fullfert sin fase som
utstillingsponni ved & bevise teknisk gjennomferbarhet og sikre et politisk mandat.
For at det na skal bli en effektiv arbeidshest for dekarbonisering, mé styringen
omorienteres  til  offentlige  forvaltningsprinsipper og  kosmopolitiske
rettferdighetsprinsipper, og gé utover en ren gkonomisk markedslogikk for & sikre
rettferdig og effektiv storskala utrulling.
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Introduction

“We are on the brink of an irreversible climate disaster. This is a global emergency
beyond any doubt”. With these sobering words, Ripple et al. (2024, p. 812) begin
their special report on the state of the climate. Despite uncountable warnings, global
CO; emissions, the primary driver of climate change, are still increasing (UNEP,
2025; Ripple et al., 2024; Welsby et al., 2021). As reaching Net Zero by 2050 is
now law in the European Union, an urgent role is carved out for rapid
decarbonisation. This makes climate change mitigation one of, if not the, most
important tasks of our lifetime. And as such, the central concern of my thesis.

Climate change mitigation refers to the reduction of emissions of greenhouse gases
(IPCC, 2014), specifically by preventing anthropogenic emissions from entering the
atmosphere (Boucher et al., 2014). Global climate change mitigation strategies are
increasingly reliant on aspirational technological solutions (IPCC, 2022; IEA,
2025). Among these, Carbon Capture and Storage (CCS) has emerged as a central
mitigation technology. But even though CCS has been recognised and defined as a
climate change mitigation tool for more than twenty years (See for example the
report on the topic, [IPCC, 2005), interest in its development has come in waves
(Anker, 2018; Narita, 2012). Following the global signing of the Paris Agreement,
where countries agree to limit global warming to 2°C and to strive to stay below
1.5°C, a new wave of interest in CCS can be seen (Wettestad et al., 2024).

The promise of CCS technology is significant: it is presented as a means to enable
the decarbonisation of heavy industries and potentially reverse atmospheric carbon
accumulation by enabling certain Carbon Dioxide Removal (CDR) applications.
However, this promise stands in contrast to the technology’s history. CCS has been
the subject of intense critique for decades and seen as a “technological fix”
(Weinberg, 1972), in other words, as a shortcut that risks perpetuating unequal and
exploitative fossil fuel systems and delaying an energy transition from fossil fuels
to renewables (Markusson et al., 2017, 2018). This critique is underscored by a
persistent implementation gap. Historically, over 80% of projects have failed to
materialise due to high up-front investment as well as operational costs (Abdulla et
al., 2021), leaving global operational capacity at a mere 4% of what is required by
2030 to meet critical net-zero pathways (IEA, 2025; Kazlou et al., 2024).

If all plans from the first major waves of CCS projects had been realised, operational
capacity would be almost seven times higher than it is today (Kazlou et al., 2024).
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Despite the historical inability to scaling, the political landscape following the Paris
Agreement and the [PCC’s 1.5°C report has established CCS as a non-negotiable
component of official net-zero strategies for a growing group of governments and
industries (Sovacool et al., 2024). This signifies a new, third policy phase of
European CCS development: moving beyond first-of-a-kind pilot projects in Phase
1 in the 1990s and (largely) failed fossil power-projects in Phase 2 in the early-mid
2000s, into a post-Paris era in Phase 3. Phase 3 is characterised by policy-driven
rollout focused on hard-to-abate industries within binding net-zero frameworks,
particularly in Europe, but is still largely limited to pilot projects (Coleman &
Taylor, 2024; Global CCS Institute, 2024; Sovacool et al., 2024). This new
empirical reality creates an urgent task to move from criticising the idea of CCS to
critically interrogating and shaping its governance (Buck, 2021).

The new CCS policy context in Europe includes the European Green New Deal and
the European Climate Law which legally mandates net-zero emissions, as well as
the Climate Plans of various countries and organisations. Combined, these create a
new regulatory drive for climate change mitigation in general (Bohringer, 2013;
Crespy & Munta, 2023; Dupont et al., 2024), increasing pressure on emitters to
decarbonise (Dupont et al., 2024) and communicating a clear political will for
decarbonisation which has not previously been present (Kern et al., 2016; Scott et
al., 2013). In parallel, the number of prospective CCS projects has grown more than
50% since 2022 (Global CCS Institute, 2025). This unprecedented growth in
intentions, driven at least partly by its framing as a cost-efficient mitigation tool
within models like those of the IPCC (Rubiano Rivadeneira & Carton, 2022), is
occurring alongside a well-documented catalogue of socio-technical risks and
justice concerns across its technological chain, from local pollution and toxic waste
at the capture stage to under-studied safety hazards of transport and systemic
bottlenecks in storage (Brandl et al., 2021; Cuéllar-Franca & Azapagic, 2015; Lane
et al., 2021). This disconnect between the aim for a rapid deployment of CCS and
its complex socio-ethical dimensions is mirrored in the divided academic literature.

Scholarly work on CCS has traditionally fallen into two broad streams. The first
stream has provided essential insights into the techno-economic feasibility of CCS.
This literature is essential to understanding the physical parameters of the
technology, and spans far-reaching fields including chemistry, petroleum
engineering, geology and economics. Here, calculations to estimate costs, the
energy penalty, model capture rates and the durability of storage as well as mapping
storage capacity and develop risk methodologies have contributed to a
understanding for how CCS works from a technical and economic perspective (see
for instance Allinson et al., 2014; Damen et al., 2006; Davidson et al., 2017; Kearns
et al., 2017; Kloo et al., 2024; Pawar et al., 2015; Siirila-Woodburn et al., 2017;
Vasudevan et al., 2016; Zhang et al., 2022; Zheng et al., 2023). This literature has
treated the technology predominantly as a neutral tool (Abdulla et al., 2021; Martin-
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Roberts et al., 2021; Wang et al., 2021), sidestepping important questions like
“why?*, “for whom?* and “to what end?* (Buck, 2021; Morrow, 2021).

In contrast, a critical social science stream has provided important analysis of
systemic risks, including mitigation deterrence, carbon lock-in and the moral
dilemma of the fossil fuel industry’s central role (See for instance Arlota & Costa,
2021; Grubert & Sawyer, 2023; Grubert & Talati, 2024; Huber, 2023; Lenzi et al.,
2023; Markusson et al., 2011, 2017; McLaren, 2012; Sovacool et al., 2022). This
has been key for understanding the underlying complexities that have been sidelined
in the technical literature, for example in relation to how CCS being seen as a
“technical fix” essentially defers a legitimacy crisis for fossil interests (Markusson
et al.,, 2017). This directly connects with the critiques of mitigation deterrence,
where the prospect of future CCS deployment risks delaying more radical emission
reductions in the present (Anderson & Peters, 2016), with some going as far as
calling investments in CCS “irresponsible” (Stephens, 2014). Yet, this stream of
literature tends to fail to grasp the political reality: CCS is no longer merely a
contested model output or a speculative option (Beck et al., 2021; Van Beek et al.,
2022); it has become an integral part of European climate politics and seems
unlikely to disappear anytime soon. This, in turn, places the governance of CCS
deployment as indispensable to mitigating the issues raised by the critical social
science literature.

The task of governing CCS deployment is not only a technical or economic
challenge. Climate change is a preeminent justice issue, considering how those who
have contributed the least to its onset are often the most vulnerable to its
consequences and may have the least opportunities to act (Adger et al., 2001;
Sultana, 2022). In response, the global climate regime has codified key equity
principles, namely common but differentiated responsibilities, protection of the
vulnerable and the right to sustainable development, to guide mitigation action
(IPCC, 2014; Klinsky et al., 2017). Yet, as CCS transitions from idea to policy
reality, it risks being governed through a narrow imaginary that prioritises cost-
efficiency (Rubiano Rivadeneira & Carton, 2022). Such an approach lacks the
capacity to account for the equitable distribution of benefits and burdens or the risk
of exacerbating existing inequalities. To assess whether the current CCS rollout
represents a just contribution to mitigation, its governance must be evaluated against
the justice principles to which the global community has committed.

This thesis is situated in this gap between the established critical perspectives on
CCS and its newly urgent, political roll-out. I adopt a critical yet pragmatic stance
on CCS. Critically, I acknowledge that it embodies the risk of perpetuating carbon-
intensive systems (Faber et al., 2025; Carton, 2019; Markusson et al., 2011).
Pragmatically, its central role in post-Paris policy reflects the broader, material
reality of persistent fossil fuel dependency and insufficient emission cuts (Ripple et
al., 2024). Consequently, in certain hard-to-abate sectors, CCS may be the
mitigation option of last resort (E3G & Bellona, 2023). This critical pragmatic
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position enables a systematic, empirical investigation into the justice outcomes of
CCS as it is actively governed within the novel post-Paris policy context. A clear
research gap exists here. While the more technical literature has provided tools and
knowledge for the deployment of CCS, it lacks the lens to evaluate whether this
deployment aligns with principles of climate justice like responsibility, capacity and
protecting the vulnerable (Klinsky et al., 2017) — principles which were reaffirmed
in the Paris Agreement but which have received less focus than the temperature
limit-goal (Lefstad & Paavola, 2023). Given that the climate crisis is as much an
ethical challenge as a technical one (Shue, 2018), integrating justice perspectives is
important. This is the critical gap this thesis aims to contribute to by offering a
constructive critique of CCS governance. Here I ask how justice principles can be
operationalised within the political imaginaries and governance structures now
shaping CCS deployment, to bridge the divide between the critical social science
analysis and the technicalities of implementation within a constrained set of political
possibilities.

Theory and Methods

To do this, [ use the concept of imaginaries (Jasanoff & Kim, 2013) to diagnose the
dominant “techno-market” imaginary driving policy and a cosmopolitan climate
justice framework as the critical lens for evaluating the moral direction of CCS
deployment. I adopt a cosmopolitan conception of climate justice, which posits that
our obligations to uphold human rights and ensure fairness extend globally, in direct
response to the transboundary and unjust nature of the climate crisis (Caney, 2001;
Sultana, 2022). I build this framework on established equity principles adopted by
the UNFCCC and Paris Agreement, namely responsibility, capacity (and ability to
act), the right to sustainable development and the imperative to protect the most
vulnerable (IPCC, 2014; Klinsky et al., 2017). In essence, equity aims to provide
the necessary tools for people to thrive within a given system/situation, while justice
questions the system/situation itself (Cook & Hegtvedt, 1983). This synthesis allows
me to move beyond separate critiques to examine the political economy of CCS
deployment by analysing both the narrower equity implications as to CCS’s impacts
as well as the broader justice implications of the CCS system within the political
economy of decarbonisation. I will expand on these theories in the Theoretical
Framework chapter. The theoretical frameworks are grounded within a critical
realist philosophy of science. The method used to analyse data has primarily been
thematic analysis, with more detail provided about critical realism, methods and
approach in the chapter on Research Design.
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Research Aim and Questions

My research aim is to offer a constructive critique of CCS governance. I use
systematic literature review, policy document analysis, participant observation and
semi-structured expert interviews to empirically investigate the justice implications
of current CCS governance and propose alternative, justice-aligned principles for
its deployment. Three interconnected research questions guide my inquiry:

1. How is CCS currently imagined and governed, and what are the justice
implications of this dominant pathway?

2. Why are the tensions between the current deployment of CCS and the
achievement of climate justice goals so persistent?

3. How can CCS deployment feasibly be aligned with climate justice
objectives?

The first research question establishes a foundational understanding of how CCS is
currently imagined and governed and diagnosing what the current problem is. To
answer this question, I map the dominant imaginaries of CCS and analyse the justice
implications of the governance models they produce. Building on the analysis
resulting from Q1, the second research question essentially identifies and analyses
why the current imaginary of CCS deployment is problematic. Here, I critically
examine the specific tensions and contradictions between the market-led
deployment model and the requirements of climate justice. The final research
question turns my view forward and asks how the lack of just CCS deployment can
be addressed. By answering this question, | derive suggestions for governance
principles to overcome the problem identified in questions 1 and 2 and thereby
outline the conditions under which CCS could align with climate justice principles.

Findings

This thesis is structured in two contextual halves, reflecting the evolving focus of
the project. Papers 1 and 2 provide a deep-dive into the Norwegian context, a
pioneer and symbolic “first mover”, analysing its domestic imaginaries and its
strategic framing of CCS as a technology for export. Papers 3 and 4 shift the lens to
the European Union, analysing the supra-national policy architecture that will
ultimately impact the scale and justice of deployment across the continent. Table 1
below provides a summary of which papers contribute to which research question.
The central argument is that the dominant governance model, predicated on a
techno-economic imaginary that frames CCS as a cost-efficient market commodity,
is structurally misaligned with the technology’s material realities and ethical
imperatives, as I show in Papers 1-4 and go into depth in the Synthesis of Findings.
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My findings demonstrate how this model depoliticises fundamental choices about
climate change mitigation, entrusts the fossil fuel industry with a gatekeeper role
and fails to deliver the necessary scale and safeguard equitable outcomes. In
response, | derive the conditions for an alternative pathway. I argue that aligning
CCS with climate justice requires a re-imagining of the technology, shifting from a
market-commodity to a public-good model stewarded by a public coordinator
tasked with strategic planning, de-risking investment, and ensuring access is
allocated based on climate value rather than ability to pay, which I elaborate on in
the Path Forward chapter.

Table 1, explaining which question(s) each paper contributes to

Paper

R h ti

esearch Question 1 2 3 4
How is CCS currently imagined and governed, and what are the justice X X
implications of this dominant pathway?
Why are the tensions between the current deployment of CCS and the

d B s ) X X X

achievement of climate justice goals so persistent?
What governance principles and state roles are necessary to align CCS X X

deployment with climate justice objectives?

The contribution of this research lies in the constructive critique of CCS deployment
within a new, empirical context. I move from conceptualising justice risks to
empirically investigating their manifestation within the novel and urgent policy
context of European deployment. By integrating critical perspectives, this thesis
contributes a constructive, justice-centred framework for a contentious technology
of the net-zero transition. [ seek to not act as a blanket opponent or naive supporter,
but as a critical friend to CCS deployment, providing the moral compass and
governance principles needed to navigate the journey from pilot-projects in Phase 3
to a just and effective Phase 4 of large-scale deployment.

Thesis outline

This Kappa is structured as follows: To provide a background context, the
Background chapter provides a technical and historical overview of CCS. Following
on, the Theoretical Framework chapter presents the theoretical framework,
introducing the trinity of imaginaries, climate justice and the political economy of
markets and the state in decarbonisation with CCS. Then comes the chapter on
Research Design, which introduces the methodology, detailing the critical realist
philosophy this research is grounded in, the multi-method approach chosen to
answer the aforementioned research questions and ethical considerations important
to the work. The Synthesis of Findings chapter comes next, bringing together the
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results of the four papers to answer the core research questions, organised around
three common themes; depoliticisation, the gatekeeper problem and how the CCS
market fails on scale and justice. The Way Forward chapter follows on, presenting
a proposed path forward including a discussion of the thesis’ contributions,
reflections on limitations and suggested avenues for future research, before the
Conclusion chapter draws it all to a close.
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Background

Before I delve into a detailed explanation of CCS technology’s supply chain
components and history, I believe it is important to highlight the broader CCS
context and my own research approach within this context.

CCS is a contested technology among social science researchers, with some calling
for abandoning the “irresponsible” investments in it (e.g. (Stephens, 2014)). This is
due in large part to how the technology can be used to enable the avoidance of
stranded fossil fuel assets by decarbonising their utilisation (Clark & Herzog, 2014)
and its close relationship to the fossil fuel industry (Narita, 2012). I want to
acknowledge the paradox inherent to CCS, in that it is a technology conceived to
mitigate climate change yet is predicated on the continued creation of CO, emissions
for CCS technology to have emissions to capture. This carries inherent risks of
carbon lock-in and the perpetuation of fossil fuel infrastructure (Faber et al., 2025;
Markusson et al., 2012). From a normative standpoint focused on preventative
action and rapid energy transition, the preferred pathway would minimise these
dependencies and aim not to deploy CCS at all, since ideally, we should not have
any CO; to capture.

But the current political reality, where we have achieved insufficient emissions
reductions even though we are a decade into the Paris Agreement (Ripple et al.,
2024), has positioned CCS as one increasingly important component of net-zero
strategies (Bacilieri et al., 2024; Davidson et al., 2017). I appreciate the perspective
of these critical studies and understand that we need to chisel out a limited role for
CCS.

The critical scholarly task I aim to undertake, therefore, is to interrogate the
desirability of how CCS deployment is unfolding and what a just outcome for CCS
would look like, one that would avoid the risks highlighted by the above
perspectives. How can this technology contribute towards meaningful climate
change mitigation? To operationalise this, my research is guided by frameworks for
assessing “useful” CCS, exemplified by methodologies such as the E3G’s and
Bellona’s “CCS Ladder” (2023) for where the technology can be deployed (note
that my research focuses on how to deploy it). Their approach employs a multi-
criteria analysis, which evaluates 1) competition from alternative technologies; is
there an alternative, soon or currently available, low-carbon technology that could
produce the same good/material without CCS but achieve climate neutrality and
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decarbonisation? 2) To what extent can CCS reduce overall emissions, both on a
system-dimension and for a single plant if employed in that particular case? 3) How
techno-economically feasible is carbon capture in that sector/for that particular
plant, including infrastructure needs and system costs? As in, is it likely to be
politically and economically possible to get it done? And 4), what is the source of
the CO,? Is there risk of fossil fuel lock-in or other negative impacts? This ladder
then prioritises applications where CCS delivers the greatest climate value, such as
in abating process emissions from hard-to-abate industries, while deprioritising
those where it risks delaying the direct electrification and decarbonisation of sectors,
like its application in power generation (E3G & Bellona, 2023). Pisciotta et al. for
example, following the same methodology, define cement, lime and ammonia as the
top priority application of CCS in the US (2024).

In sum, this framework underscores that the strategic goal is to limit the need for
CCS wherever possible, while directing the limited resources, infrastructure and
political capital towards applications where it can contribute the highest climate
value towards a net-zero transition. This approach to CCS is the approach I apply.
To make the need for such an approach clear, in this chapter I will outline the
technical basics of CCS technology and its value chain, followed by its contested
historical evolution in climate policy and an understanding of where we are today.
I round up this section with an introduction to the academic debates on CCS
deployment, which will also touch deeper on the technology’s risks. The purpose of
this chapter is to set the foundation for my analysis to enable me to later analyse
(justice) risks in the current deployment model. But first, I turn to the technical
basics.

Carbon Capture and Storage

Carbon Capture and Storage (CCS) is a chain of different technologies enabling the
capture, transport and underground storage of CO». It can be applied to decarbonise
fossil fuelled power stations and industrial processes, or to facilitate the permanent
geological storage of some Carbon Dioxide Removal (CDR) technologies (IPCC,
2014, 2018, 2022). In the following I will focus on CCS, not CDR, but the
challenges and risks that will be introduced later in this chapter may apply across
(parts of) both emissions reductions and emissions removal technological chains
including Bioenergy with CCS (BECCS) and Direct Air Capture (DACCS).

CO2 Capture

The first step in the CCS-chain is to capture the CO,. There are three main ways for
technical CO; capture: post-combustion, pre-combustion, or oxyfuel (Cuéllar-
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Franca & Azapagic, 2015; Markusson et al., 2011). Pre-combustion sees more
concentrated CO; input into the capture process and is more efficient than post-
combustion, but all processes have high capital costs and significant energy
requirements as CO; capture requires specialized infrastructure (Finney et al., 2019;
Shirdel et al., 2022). Current operations achieve capture rates between 5-75 per cent,
a huge range depending on composition of flue-gas and which technology is applied,
with higher capture-rates in for example coal-facilities due to a higher concentration
of CO: in the emission stream (Bacilieri et al., 2023). While capture-rates above 90
per cent are deemed feasible in models and have been achieved in some pilot
projects, there is a trade-off between costs and efficiency (Brandl et al., 2021) as
higher capture-rates, preferable for climate change mitigation, increase costs due to
the energy penalty incurred (Abdulla et al., 2021; Cuéllar-Franca & Azapagic, 2015;
Rochelle, 2021).

COz2 Transport

After capture, the CO; is transported to a dedicated geological storage-site via truck,
train, ship or pipeline. Pressurized pipelines are estimated to be the most cost-
efficient option considering the large volumes of CO, requiring transport
(Mahgerefteh et al., 2008; Span et al., 2020), but carry large up-front investment
costs as well as questions of land-ownership, NIMBYism, and in the context of
Europe could span Member State’ jurisdictions which increases complexity in terms
of responsibility and maintenance (Span et al., 2020).

CO: Storage

CO; storage is the last step in the CCS-chain and, perhaps, the most crucial one. The
geological storage of CO, would ensure it is kept out of the atmosphere permanently
— the requirement for CCS to contribute to emissions reductions (and removal),
aligned with a climate change mitigation agenda. The most suitable storage sites are
put forth as underground, depleted hydrocarbon reservoirs (e.g. empty oil and gas
fields) or saline aquifers (Lane et al., 2021). Especially depleted hydrocarbon
reservoirs have a number of advantages in terms of their use as CO, storage, as they
have a proven capability of sealing hydrocarbons in place over million-year time
frames and their properties, i.e. size and pressure-capacities, are well known
(Paluszny et al., 2020). In addition, support-infrastructure is most likely already
existing nearby since old hydrocarbon extraction-assets have the potential to be
repurposed, which might make these more a more cost-efficient option (Lane et al.,
2021). While most focus has been given to offshore storage sites simply because
they are further away from communities and pose less threat in the event a leak or
mishap should occur (Aminu et al., 2017), possible onshore storage locations have
been identified across Europe and beyond. Onshore storage would make CCS more
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economically accessible also to landlocked countries but carries significant political
risk especially related to NIMBYism (Allinson et al., 2014; Gidden et al., 2025).

Early History

With this broad understanding of each step of the CCS technology chain in mind, I
now turn to a brief historical overview; this is important to understand the depth of
the fossil fuel industry’s embeddedness in CCS technology. Carbon capture
technology was first put in use for enhanced oil recovery (EOR) in Texas, USA, in
1972. EOR is a practice where CO: is captured during natural gas-processing and
reinjected in the underground oil or gas reservoir to increase the pressure in an effort
to extract more oil and/or gas (Robertson & Mousavian, 2023). EOR is the most
common use of captured CO; to date as it provides a viable commercial opportunity
to overcome the large financial costs of building and operating carbon capture
technology, and has contributed important learnings including the creation of a vast
CO; pipeline-network in the US which transports some 30MtCO, annually
(Middleton et al., 2015). Whether or not EOR can be considered a climate change
mitigation technology is currently an ongoing debate e.g. under the Carbon
Management Strategy proposed for the UNFCCC, as this would depend on whether
the injected CO, is permanently stored or not. In European climate policy, the
storage of captured CO, must be permanent (EU CCS Directive, 2009), which likely
disqualifies EOR.

The expansion of carbon capture technology to carbon capture and storage
technology happened in the 1990s when interest grew based on its potential to avoid
large amounts of stranded fossil fuel assets while reducing emissions (Anker, 2018;
Narita, 2012). But more knowledge was needed to understand how this could work,
and so the IPCC was asked to author a special report on CCS to assess the “scientific,
technical, environmental, economic and social aspects of capture and storage of
CO,” (IPCC, 2005). This report placed CCS among other climate change mitigation
tools as a technology that can provide cost-efficient flexibility for reducing
emissions, and also mentions BECCS as a potential use of the technology in a way
that can allow for net negative emissions (IPCC, 2005). While the 2005 IPCC-report
aimed to lay out the state-of-knowledge on CCS to date, a plethora of knowledge
gaps were also highlighted, such as how long CO, would need to be stored, an issue
linked to stabilization pathways and intergenerational justice aspects, as well as the
financial risks involved. CCS has been at the receiving end of increasing focus in
IPCC Assessment Reports ever since (IPCC, 2014, 2018, 2022).
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The first CCS project

The learnings from EOR-utilized CO, capture enabled, directly or indirectly, 26
large-scale CCS facilities to be developed globally between 1972 and 2021 which
captured and stored (or at least injected) 300MtCO; in this timeframe (Loria &
Bright, 2021). Today, some 77 operational facilities exist (Global CCS Institute,
2025). To some scholars this “demonstrate[s] that the technology has successfully
been deployed to scale” (Loira and Bright, 2021, p.1), yet a significant share of
current operational facilities still relates to EOR (Global CCS Institute, 2025).

The first facilities dedicated solely for storage can be found in Norway (Loria &
Bright, 2021; Martin-Roberts et al., 2021). CCS emerged as a serious policy and
technological pursuit in Norway following from the 1991 introduction of a
Norwegian carbon tax (Markusson et al., 2017), which helped kick off domestic
CCS development. To avoid this carbon tax, Statoil (Norway’s state-owned oil
company, now renamed as Equinor) developed “Sleipner”, the worlds” first CO,
storage-project, in 1996 (Loira and Bright, 2022). This was the first step to show
that CCS could be a climate change mitigation technology and CCS became
Norway's most ambitious domestic climate policy as it was seen as an opportunity
to “harmonize petroleum exports with ambitious [climate] commitments”
(Rattereng, 2018, p216). Sleipner has stored approximately 1MtCO, per year
between 1996-2022 from offshore processing of natural gas (Norsk Petroleum,
2021). A second dedicated CCS project, Snohvit, which successfully stored
separated CO, from gas extraction under the North Sea, was implemented in 2008
(Norsk Petroleum, 2021). For a long time these two Norwegian projects were
“hailed as role models in international debate and in research communities” (Buhr
& Hansson, 2011, p. 3), for their operational function and the dedicated policy and
state support that these projects had received. The need to reconcile climate and
energy goals related to a large oil and gas industry have been recognized as the main
reasons for such strong policy support for CCS in Norway (Tjernshaugen, 2011).
CCS is broadly seen as part of an important, national project, heavily grounded in
national conditions (Buhr & Hansson, 2011; Ishii & Langhelle, 2011), and
highlights the important role that Norway has played in this context.

The period between the commencement of these first CCS projects in the 1990s and
today is a period full of global “first-of-a-kind” projects that have demonstrated a
host of different capture, monitoring and injection technologies (Ma et al., 2022).
Still, the post-2009 period has been largely characterised by failed projects
(Abdullah et al., 2021) mainly due to the huge costs involved for CCS deployment
combined with lack of sufficient CO, prices and incentives to deploy the technology
in a period of great financial turmoil following the global financial crisis
(Markusson et al., 2017). Interest in the technology did not die out completely,
however. The Paris Agreement marked a significant shift, with interest in CCS now
reaching an all-time high (Global CCS Institute, 2025).
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CCS in Norway today

My research started off with a focus on Norway. As discussed above, the country
has been considered a “role model” for CCS deployment in research, technical
knowledge as well as policy development, and CCS has been a politically attractive
compromise in Norway since the 1990s (Anker, 2018; Ishii & Langhelle, 2011;
Rettereng, 2018; Tjernshaugen, 2011). CCS technology allowed the state to
continue benefiting from fossil fuels while simultaneously decreasing carbon
emissions (Tennessen, 2021). For a long time, Sleipner and Snehvit were the only
operational CCS projects in Europe, and Norway the “north star” in terms of CCS
policy (Ishii & Langhelle, 2011); in Paper 2 I conduct a more detailed analysis of
the Norwegian CCS policy framework, but in brief, the legal foundation for CCS in
Norway is the EU’s 2009 CCS Directive, transposed into national law through
several regulations (Arbeids- og sosialdepartementet, 2020; Klima- og
miljedepartementet, 2004; Olje- og energidepartementet, 2014). Taken together,
these legal instruments reveal a governance model primarily concerned with
allocating property rights and managing environmental risk.

Due to growing interest in CCS post-Paris and after concluding in 2016 that it is
“technically feasible to realize a flexible CCS chain in Norway” (Meld st. 33 (2019-
2020), p.27), the Norwegian government in 2020 launched Longship, the world’s
first full-scale CCS chain to demonstrate to the world that full-chain CCS is possible
(as previous efforts have been project based, lacking the full-chain knowledge (Ma
et al., 2022)). Longship consists of three sub-projects: two first-of-a-kind capture-
projects and a transport and storage project called Northern Lights, and has largely
been successful in reaching their goals (Fortum, 2025, Tennesen, 2021; Gassnova,
n.d.). Longship in particular and CCS in general has been one of the technologies
the Norwegian government has invested in to help contribute to non-quota covered
emissions and technology transfer (Klima- og Miljedepartementet, 2021). Despite
not being an EU member, Norway is fully integrated in the EU ETS and approx.
half of its emissions are quota-covered.

Even though Norway is among the global leaders in CCS development both in
policy and physical deployment (Wetterstad et al., 2024), as well as being the owner
of the worlds’ largest sovereign wealth fund, the cost challenge in CCS development
is present even here. The current EU ETS CO, price does not provide sufficient
incentives to develop and implement CCS, “in part due to high investment costs,
low income potential in the short term and high risk”, meaning it is necessary for
“countries to contribute to the development of CCS to achieve faster dissemination
and deployment” (Ministry of Petroleum and Energy, 2020, p. 8). State funding has
hence been put forward as an important factor in making the technology cost-
effective (Abdulla et al., 2021). For Longship, the main aim is to both help develop
the technology as well as to reduce its costs to make it marketable. Longship has an
estimated price-tag of approx. NOK 28 billion, of which the Norwegian state will
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cover at least NOK 18 billion (Olje- og Energidepartementet, 2020). Licensing of
CO; storage-exploration has started and the first exploitation license granted (Det
Kongelige Olje- og Energydepartement, 2023; Ringstad, 2024). If all sites are
deemed suitable for storage, the Norwegian Continental Shelf is expected to have
an injection capacity of upwards of 37MtCO- per year by 2030 (Ringstad, 2024).

CCS in the European Union

A key turning point in my research occurred while analysing Norwegian policy
documents for Paper 2. Norway is positioning itself as a European storage hub and
has signed several MOUs which could enable e.g. Germany, Belgium, France, the
Netherlands and Sweden to store their CO, emissions in Norwegian North Sea
storage-sites. My findings revealed that Norway’s Longship project is framed
primarily as an international climate contribution and technology effort, rather than
a direct means for short-term domestic emissions cuts (Klima- og Miljedepartement,
2021; Olje- og energidepartementet, 2020). The Norwegian government aims to act
as a “market maker” (IEA, 2022, p. 46), facilitating a cost-effective solution aligned
with the Paris Agreement. This means that Norway is primarily focusing on
developing storage for European costumers, since there are not enough catchment
sites in Norway (Wettestad et al., 2024). For my research to understand just
outcomes, 1 then needed to broaden my focus beyond domestic Norway to
encompass the most likely clients of Norwegian CCS technology, namely the EU.
The EU’s regulatory framework for CCS is built upon the binding European Climate
Law (2021), which mandates 55% overall emissions reductions by 2030 and climate
neutrality by 2050.

While Norway’s CCS policy framework has been established based on the pre-
existing petroleum regulation, the EU’s framework has largely been created in the
years following the Paris Agreement. I analyse this in more depth in Paper 3, but
in brief, the foundational legal instrument is the 2009 CCS directive, which governs
the safe geological storage of CO,. This is the Directive that was also implemented
in Norway, which shows the close relationship between these two jurisdictions on
CCS-matters. This framework has since been expanded, with important additions
including the Net-Zero Industry Act (NZIA) which designates CCS as a strategic
net-zero technology and targets 50 MtCO, stored annually by 2030, expanding to
capture some 280 MtCO, by 2040 and around 450 MtCO; by 2050 (European
Commission, 2024b). The Industrial Carbon Management Strategy (2024) outlines
the EU’s plan to create an integrated cross-border CO, transport and storage
network, with the explicit goal of establishing a “single market for CO,” by 2040
(European Commission, 2024). This market-driven approach is further supported
by the Clean Industrial Deal (2025), which links CCS development to the EU’s
industrial competitiveness agenda. Together, these policies position the state as a
facilitator or “market maker” to enable CCS development in the EU. A key change
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from pre-Paris CCS discussions is that in post-Paris CCS policy frameworks in the
EU, CCS is strategically directed towards hard-to-abate industries — not fossil fuel
energy generation.

Global CCS Deployment

Globally, CCS is currently experiencing unprecedented policy momentum. All CCS
projects globally in development, construction and operation combined would scale
up to 450MtCO; captured and stored per year, a more than 50% increase in ambition
since 2022 and a ten-fold increase from current capacity (Global CCS Institute,
2025). The rapid scale-up of CCS is at least partly a result of countries” need to
increase their Nationally Determined Contributions to the Paris Agreement (Global
CCS Institute, 2024), as CCS is generally considered, by many policy and decision-
makers, an essential technology for cost-efficient climate change mitigation (Scott
et al., 2013; Sovacool et al., 2024). Today, overall global capacity is at a mere
40MtCOy/year, and this number includes enhanced oil recovery operations (Kazlou
et al., 2024). The Net Zero Emissions by 2050 Scenario by the IEA puts forth a
scale-up of CO; storage to 1GtCO»/year by 2030 and over 6Gt per year by 2050
(IEA, 2023). But if all current global CCS projects in planning and operation are
realised, they can realise half of the 2030 capacity, which highlights the immense
need for scaling to make a meaningful mitigation contribution. The ambitious,
global policy drive is advancing in parallel to an increasingly well-documented
catalogue of environmental, health and safety risks across the entire CCS chain.
Next, I turn to the central debates in the academic literature.

CCS Deployment Risks

The deployment of CCS presents a suite of environmental, health and safety risks
across its entire capture, transport and storage chain, which, if ungoverned, can
directly translate into distributive and procedural justice concerns for affected
communities. For a more thorough overview please see Paper 3, summarised here
in brief. Starting with capture, some CO, capture technologies require the use of
chemicals that can cause air pollution and generate toxic waste (Brandl et al., 2021).
A life-cycle assessment reveals that power plants equipped with CCS can have
higher environmental impacts than those without, though the global warming
potential of a plant with CCS is lower compared to without (Cuéllar-Franca &
Azapagic, 2015). A critical issue is the energy penalty (Rochelle, 2024), where the
significant energy demands of the capture process can lead to increased
consumption of the energy source of the plant — and if this is coal or gas, more coal
and gas are needed to maintain the same output.

Transport of CO, produces other distinct risks. Transport is primarily considered
with pipelines or ships, where the main safety risk related to pipeline-storage is
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leakage. High concentrations of CO, are asphyxiant and toxic, posing a hazard to
human and non-human life (Connolly & Cusco, 2007; IPCC, 2005). While
technically feasible, significant uncertainties remain in accurately predicting
leakage rates and the dispersion distance of escaped CO, gas, making it difficult to
assess the full scope of the risk (Span et al., 2020). Overall, transport risks remain
under-studied, as literature has primarily focused on cost-optimisation over
comprehensive risk assessment (Bjerketvedt et al., 2020), though it is a topic at the
receiving end of growing attention.

The last stage, the geological storage of CO,, carries its own set of systemic and
intergenerational risks. While global theoretical storage capacity is vast, estimated
up to 50,000Gt CO, (Kearns et al., 2017), the assumption that storage is a “done
deal” is challenged by technical, economic and geopolitical bottlenecks (Fuss et al.,
2014; Hansson et al., 2022; Lane et al., 2021). A primary constraint is not just the
total volume, but the industrial accessibility and injection rate capacity of storage
sites. Injecting CO; too quickly can exceed critical pressure levels which may
compromise the integrity of the geological formation (Petersen et al., 2022; Rahman
et al., 2022). This injection-bottleneck is a major limitation for the pace and scale
of CCS deployment (Lane et al., 2021). Geographically, storage is often
concentrated in regions with a historic fossil fuel industry, which creates a
distributive justice risk and a dependency on oil and gas sector knowledge and
infrastructure. Operationally, risks include leakage, induced seismicity and for
onshore storage, groundwater contamination (Celia et al., 2015; Zoback & Gorelick,
2012). These storage challenges are often marginalised in discourse, with risks
framed as manageable through technology (Hansson et al., 2022; Tadjer & Bratvold,
2021). There is now a growing recognition that CO, storage sites are a limited good,
with the main bottleneck being injection capacity rather than storage capacity
(Gidden et al., 2025).

Due to the tendency to over-promise but under-deliver at higher costs than initially
estimated (Robertson and Mousavian, 2023), many CCS projects fail to reach
operational stage (Abdullah et al., 2022). As a result of the lack of CCS up-scaling
despite industrial hype-ups and government funding, a growing body of literature
has raised a number of equity and justice concerns with the implementation of CCS
in the context of climate mitigation (Corry & Riesch, 2012; Gough & Mander, 2019;
McLaren, 2012). These concerns can generally be grouped into three main critiques;
performativity, required scale and use of resources. Firstly, critique has been raised
about the potential impacts that the overreliance of CCS in climate scenarios could
have in decision-making. The overoptimistic expectation of future CCS in general,
but BECCS in particular, in climate mitigation pathway models could reduce the
willingness to invest in and implement other measures for decarbonisation, like
renewable energy (Hansson, 2012; Weber, 2018). There are also risks that CCS
technology will be used to extend the lifetimes of fossil infrastructure (Carton, 2019;
Faber et al., 2025). From a justice perspective, this performative function raises
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questions about intergenerational equity since future generations may be burdened
with both continued emissions as well as the unproven promise of their later capture.
Secondly, the required scale of CCS raises distributive justice concerns related to
the needed infrastructure footprint if CCS would need to be deployed at massive
scale, concomitantly with the question of whether CCS can be deployed rapidly
enough to contribute to near-term mitigation targets (Kazlou et al., 2024). Finally,
concerns about the use of both financial and material resources implicate procedural
and recognitional justice. Substantial public subsidies are required for CCS
demonstration and deployment which represent opportunity costs and raises
questions about who participates in these allocation decisions. Moreover, while
CCS can reduce CO; emissions, it may simultaneously increase other air pollutants
like fine particulate matter or toxic ammonia emissions (Fendt et al., 2023) as just
explored, which would have localised health impacts. Intersecting risks, technical
uncertainties and distributional consequences form the core of the academic debate
about the viability and desirability of CCS.

Navigating the Academic Discourse

The academic discourse on CCS has evolved from early technical optimism, which
to some extent remains today, citing the above risks as “technical” and something
that can be overcome with monitoring, into a deeply contested field where critical
social science research has systematically challenged the assumptions, viability and
socio-political implications of the technology. Literature on CCS reveals a
landscape where critical scholars have identified fundamental risks that the more
optimistic, techno-economic assessments often overlook, minimise, or perhaps has
not got the epistemological bandwidth within the respective fields to engage with.

Proponents of CCS often frame the technology as a necessary and viable component
of decarbonisation portfolios. From this perspective, the technical principles of
capture and storage are considered proven, often exemplified by decades of
experience in natural gas processing and EOR (Robertson & Mousavian, 2023). The
primary barrier to deployment is diagnosed as economic, stemming from “policy
uncertainty and limited public support” (Hansson, 2011, p.84), rather than as a result
of technical flaws. This view is reinforced by analyses suggesting that EOR, which
creates a revenue stream for the captured CO», faces fewer barriers to deployment
(Robertson & Mousavian, 2023). However, even within this more optimistic
framing, warnings emerge about the financial and technical risks of using CCS to
extend the life of fossil-fuel power plants (Wang et al., 2021).

Beyond the purely technical focus and now recognising the risks associated with the
close interconnection between CCS and the fossil fuel industry, a growing body of
research has turned to investigating the public acceptance of the technology
(L'Orange Seigo et al., 2014). It is recognised that lack of public acceptance could
deter politicians’ willingness to implement policies that would support and
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encourage CCS deployment (Fridahl & Lehtveer, 2018), creating a vicious cycle
where policy inaction and policy uncertainty reinforce one another (Béckstrand et
al., 2011). Early acceptance research revealed that public perception is not primarily
driven by knowledge deficits but by deeper socio-political factors, and that the
strongest predictor of acceptance is the perception of benefits. However, for CCS,
this is intrinsically linked to the continued use of fossil fuels, which many view as
an unsustainable “end-of-pipe” solution that may displace investments in renewable
alternatives (L’Orange Seigo et al., 2014). Notably, in Paper 1, we found that a lot
of the public acceptance research in Scandinavia focused on how to increase public
acceptance rather than necessarily trying to change CCS’ deployment to align better
with public values (Lefstad et al., 2024). This connects to a core tension identified
by Béckstrand et al. (2011), in that CCS’s economic and technical appeal lies in its
compatibility with current energy (and industrial) systems, but that this connection
is also the main source of significant public concern.

A direct response to navigating this tension can be seen in the pragmatic position
applied by some policy-oriented organisations, which seek to steer deployment
towards its most effective applications. For example, as mentioned above, European
think-tanks like Bellona and E3G (2023) acknowledge CCS as a useful mitigation
tool, but also point out that deployment in the wrong sectors, especially fossil fuel
energy or sectors where alternative ways of decarbonising exist, could risk delaying
climate action. As explained at the beginning of this chapter, they argue that the
“climate value”, i.e. where CCS could contribute the most to decarbonisation, is
highest in hard-to-abate industrial sectors with significant point-source process
emissions like cement and chemicals, and lowest in the power sector where
renewable alternatives are readily available. This assessment hinges on factors like
the risk of fossil fuel lock-in, lifecycle emission reductions and technological
feasibility (E3G & Bellona, 2023). This perspective highlights that the governance
of deployment, i.e. the where and how CCS is applied, is critical to its climate value
as the wrong deployment could lead to a delay in climate change mitigation (Carton,
2019; Markusson et al., 2011).

There is a substantial body of critical social science research which argues that the
technological CCS assessments often overlook or minimize fundamental systemic
risks. The primary critique has been the risk of carbon lock-in and mitigation
deterrence. Carbon lock-in refers to the inertia in the energy system where
investments create a path dependence that prevent or delay the transition away from
fossil fuels (Unruh, 2000), and mitigation deterrence refers to the risk that the
promises of a technological climate intervention, such as CCS or negative emission
technologies, will lead to delayed or reduced efforts to reduce emissions (without
these often controversial, sometimes unproven or at least not yet scaled-up
technologies) (Markusson et al., 2018). Early critiques positioned CCS as a
“technical fix”, something that promises to solve the CO, problem without
disrupting the fossil fuel energy system. The idea of CCS created “images of an add-
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on solution, with the promise to leave existing elements of the system unchanged”
(Markusson et al., 2012; Markusson & Haszeldine, 2009, p. 4627). This promise,
critics argue, functions as a “defensive spatio-temporal fix” (Markusson et al., 2017,
2018), deferring a legitimacy crisis for fossil interests by offering a future
technological solution. “Technical fixes” imply “a use of the power of technology
to solve problems that are nontechnical in nature” (Markusson et al., 2017, p.1) and
are often referred to as cheap shortcuts (in negative terms), since they essentially try
to sidestep the difficulties of solving problems by influencing peoples motivations
and behaviours directly (Markusson et al., 2017; Weinberg, 1967). This has been
recognised as a moral hazard, where the mere prospect of large-scale CCS
deployment may deter or delay the urgent, radical and systemic change that would
be required for climate change mitigation (Anderson et al., 2020; Lenzi et al., 2023).
The high historical failure rate of CCS projects (Wang et al., 2021) deepens this
concern.

Closely linked is the political economy of CCS, which questions why, despite its
prominence in climate models, its deployment has repeatedly stalled. Research
shows that the huge costs associated with CCS deployment cannot be understood in
isolation, but is closely intertwined with the complex interplay between state and
market (Kern et al., 2016). As previously pointed out, CCS is a capital-intensive,
high-risk enterprise with limited revenue potential in the absence of strong and
stable policy incentives (Kern et al., 2016; Scott et al., 2013). This has created a
situation where progress “hinges on the political will to make it happen” (Scott et
al., 2013, p.108). But this will is often undermined by economic austerity,
competing low carbon/decarbonisation options and the lobbying power of
incumbent industries, especially the fossil fuel industry (Kerns et al., 2016). The
fossil fuel industry is not a neutral actor here, as it is the one industry with the most
entanglement with CCS: it possesses the essential knowledge, infrastructure and
regulatory experience to deploy it (Lane et al., 2023).

These macro-level critiques of lock-in, mitigation deterrence and a problematic
political economy translate into quite concrete justice and equity risks at multiple
levels. Following Schlosbergs (2012) distinctions, a range of potential harms may
stem from CCS deployment (these are developed in more depth in Paper 3). CCS
deployment risks would be unevenly distributed from increased local pollution due
to the energy penalty of capture processes (Cuéllar-Franca and Azapagic, 2015;
Sovacool et al., 2022) to the siting of pipelines and storage reservoirs that might
impact vulnerable communities — as well as concerns that CCS deployment could
lead to higher energy costs and fuel poverty (Sovacool et al., 2024). Procedural
justice entails meaningful participation in decision-making and free, prior and
informed consent for affected communities. This may be lacking in CCS processes
as the central role of corporations and technocratic governance marginalises public
voices (McLaren, 2012; Sovacool et al., 2022). The framing of CCS as an
unavoidable technical solution can fail to recognise the concerns, values and
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knowledge of local communities and others historically marginalised by the fossil
fuel economy (Socavool et al., 2022), leading to recognitional injustice. Finally, the
long-term liability for stored CO, and the risk of leakage, however large or small,
create a burden of monitoring and a potential harm for future generations (Sovacool
et al., 2022). In Europe today, the focus has shifted from fossil-fueled power plants
to “hard-to-abate” industrial sectors like cement and steel (Langhelle et al., 2024;
Sovacool et al., 2024) which could indicate a recognition of the moral hazard issue
linked with the fossil fuel industry, but some of these other justice concerns still
persist.

Bridging the Critical and the Pragmatic

In this thesis, I recognise the importance of these critical perspectives and
acknowledge that the critical literature has established that CCS is a socio-technical
system with potential political, economic and ethical perils. A key gap, however,
remains between the conceptual and discursive identification of these justice risks,
and the empirical investigation of how they are now materialising, as a new political
context has emerged in Europe. The EU’s Green New Deal, Net Zero Industrial Act
and the Climate Law now create a novel decarbonisation policy framework in the
EU (Dupont et al., 2024). My research attempts to address this gap, starting from
the critical premise of the concerns raised in the literature and moving the inquiry
forward empirically: If, as a matter of pragmatic climate policy, CCS is being
actively promoted and deployed in the European context, then the critical task
becomes to rigorously investigate what specific justice risks are emerging in
practice, and how governance frameworks are attempting to mitigate them. In doing
this, I build on the critical literature by providing empirical grounding to its central
claims and by evaluating the capacity of current governance structures to prevent
the very injustices scholars have identified. Next, I turn to the theoretical framework
that helps me on this endeavour.
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Theoretical Framework

This thesis is anchored in the field of sustainability studies. While a multitude of
different definitions of sustainability exist, I follow Spangenberg (2011, p. 275) and
define sustainability as “a normative ethically justified utopia, describing a state of
economy, society and environment considered optimal”. This definition entails a
concern for equity and distribution, as well as the need to meet both environmental
and social challenges simultaneously (Costanza et al., 1997), which aligns with this
thesis’ aim of contributing towards the achievement of climate justice principles.
This entails an explicit recognition of the limits to nature but equally the recognition
of social floor requirements (O’Neill et al., 2018), which I understand through the
equity principles of the UNFCCC. Jerneck et al. posit that the aim of sustainability
studies is to foster coherent interdisciplinary research across natural and social
sciences, by understanding the natural sciences with perspectives grounded in
justice, power, politics, and critical research (2011). Applying this perspective to
CCS is important to direct its use towards achieving just outcomes since the
technicalities of CCS is grounded in the natural sciences of geology, chemistry,
engineering and so forth — but how to govern it has so far only received limited
attention from justice concerns.

In my thesis, I use three interrelated theories which I will introduce according to the
order they are applied. First, the concept of “imaginaries” serves as the foundational
lens for my research. Imaginaries are politically charged visions of the future that
legitimize certain worlds and actions while discrediting others. This concept enables
me to understand the objective of my PhD research, what my PhD is actually trying
to solve, as imaginaries has helped me understand the dominant vision of CCS
deployment and as a result, the problem with or lack of just CCS. As the sufficiently
scaled deployment of CCS technologies to meet climate targets largely remains a
future task, imaginaries was a central concept in Paper 1 which allowed me to situate
these future goals into the present.

Imaginaries shape outcomes, and a goal of this research is to contribute to achieving
just outcomes, introducing the second concept in this thesis. Justice is the concept
which has shaped my overall research question as well as the angle I have taken in
papers 2-4. As CCS-research has yet to look at the “how” of its deployment (Buck,
2021), this lens provides an important perspective that has hitherto been missing in
literature. In this chapter I first try to introduce justice and establish the baseline for
what climate justice would entail, based on the equity principles that dominate the
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UNFCCC approach to climate change. These were also the baseline for the analysis
conducted in Paper 2 and where a more detailed account of this baseline can be
found. But justice is a contested topic. After introducing the climate justice
principles, I show why that is by broadening out and delving into the dominant
philosophies of justice that we can find in Western literature. I do this to better create
the tools to understand why the cosmopolitan justice I apply has not yet guided CCS
deployment, as there are many different connotations and understandings of what
justice entails.

The last theoretical lens guiding this PhD thesis developed in an abductive way from
the research and data collection process rather than as a pre-determined feature. I
draw from the political economy of decarbonisation, specifically looking at market-
centric climate policy, due to the centrality of the cost-efficiency paradigm in
discussions of CCS deployment. Perceptions of justice are also key here, since the
desired outcome, namely cost efficiency in climate change mitigation, will impact
the mechanisms deployed to get to the desired end. It was important to incorporate
this perspective due to the dominant role of the imaginary of cost efficiency which
drove CCS technology into the climate change mitigation-toolbox in the first place,
as well as the interlinkage of the political and economic context in CCS deployment.

In short, then, imaginaries are used to create the map and to understand where the
desired end-goal for CCS is located. Theories of (climate) justice provide the moral
and philosophical compass to (i) evaluative criteria, (ii) to assess the map created
by imaginaries and (iii) to identify factors that influence or determine which paths
are either problematic or desirable. The literature on political economy provides the
analytical tools to understand the structures of the proposed governance
frameworks, explaining the mechanisms that enable or prohibit the reaching of the
goal. I now turn to each concept, starting with imaginaries.

Imaginaries

“Sustainability” is perhaps the “grandest imaginary of our time” (Beck et al., 2021,
p. 143). The imagination can open or close doors to the perception of a future state’s
feasibility, possibility and desirability. Imaginaries are closely linked to how
institutions and economic activity is organized, structured and conceived (Levy &
Spicer, 2013). This means that while generative, imaginaries can also circumscribe
the realm of the possible.

The social imagination is often deeply embedded within, and shaped by, the
institutions and rules that govern social life (Castoriadis, 1997; Marcuse & Kellner,
2007). These rules include social norms, learned values and perceptions of justice —
a concept I will return to in the following sub-chapter. This potential for constraint
is powerfully illustrated by Marcuse’s “one-dimensional man” (1967), who loses
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the ability to conceive of alternatives as society reinforces change that aligns only
with prevailing institutions and parameters. But if the future can only be imagined
along the paths of the past, how is one to deal with unprecedented problems like
climate change? Here, I use the concept of imaginaries to interrogate the problem
space of CCS, basically to understand its parameters, foundations and broader
implications.

A brief introduction to the concept

Imagination can be understood as “a way of seeing, sensing, thinking and
dreaming”, which creates the conditions for material and political interventions
(Yusoff & Gabrys, 2011, p. 1). The capacity to “imagine” is essential because if we
are to deal with the future, we have to do so through the imagination (Kahn &
Wiener, 1967). But this is not a neutral process - it is deeply political. For instance,
the IPCC’s projection of pathways to sustainable futures serves to open up or close
down the “horizon of action”, that is the perceived expected, feasible and realistic
path(s) forward (Beck et al., 2021, p. 143). The imagination is thus stimulated to
privilege certain visions as more realistic and desirable than others, a process driven
by agenda-setting and the strategic promotion of specific imaginaries over others
(Beck et al., 2021). This ability to legitimize certain worlds while discrediting others
is what makes imagining a powerful political tool (Levy and Spicer, 2013). This
power was recognized early on, from Kant’s definition of it as “the power to make
be that which “realiter” is not” (in Castoriadis, 1994, p322). As early as in Ancient
Greece, Socrates and Plato mention power in their definitions of imagination
(Castoriadis, 1994). Ultimately, the depth, quality and complexity of our collective
imagination not only shape our perception of a problem but also actively determine
which solutions are deemed possible and which tools are made available to address
it (Yusoff and Gabrys, 2011).

While imagination begins with individuals or groups, its true social power is
realized when these visions coalesce into social imaginaries. A foundational
definition is offered by Jasanoff and Kim (2013, p. 190), who describe imaginaries
as “collectively imagined forms of social life and social order reflected in the design
and fulfilment of nation-specific scientific and/or technological projects”. This
definition implies a dialectical relationship where individual imaginations feed the
collective imaginary, which in turn shapes individual perceptions, underpinned by
the making of social life. This concept of constitutive imaginaries is further
elaborated by Lee and LiPuma (2002), who identify the three core social imaginaries
that underpin Western modernity: the public sphere (the domain of public opinion),
the citizen state (the relationship between individuals and governance), and the
market. These are not separate entities but interdependent collective agents that
mutually constitute one another (Lee and LiPuma, 2002). Built on historical
structures and past choices, these three imaginaries together generate a powerful,
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shared understanding of how social life ought to be organized (Calhoun, 2002). In
this thesis, acknowledging this triad in the context of CCS governance demonstrates
how the hegemony of the market imaginary structurally limits the potential of the
citizen state, which motivated the integration of the political economy of
decarbonisation, to which I will return later in this chapter.

The theoretical power of the concept of imaginaries lies in their ability to bridge
wide-ranging fields such as sociology, philosophy, science and technology studies,
sustainability and economics. This interdisciplinary reach underscores the
usefulness of the concept for engaging in discussions about desirable futures (Hajer
& Pelzer, 2018; Jasanoff & Kim, 2013; Mendoza et al., 2017; Wright et al., 2013).
This is especially evident in debates on climate change, where divergent visions of
the future have been conceptualized as “climate imaginaries”, defined as “shared
socio-semiotic systems that structure a field around a set of shared understandings
of the climate” (Levy and Spicer, 2013, p.1). These different, oftentimes competing
visions of what climate change entails for our societies are propelled by distinct
value regimes (Prainsack, 2022). These value regimes are the deeply embedded
political-economic and cultural arrangements that systematically (re)produce
specific values within institutions, actor groups, and governance mechanisms (Levy
and Spicer, 2013). Next, | turn to the imaginaries of CCS, where specific value
regimes are at play.

Imaginaries of CCS

Having established the theoretical contours of imaginaries as normative, value-
laden projects that structure what we think of as feasible futures, this framework can
be applied to unpack CCS. As with other climate imaginaries, visions of CCS are
not neutral but are driven by competing value regimes (Levy & Spicer, 2013;
Oomen et al., 2022). In the European context, scholarly analysis reveals a dominant
“techno-market” imaginary which frames decarbonisation tools that rely on
technology primarily through a lens of cost-efficiency and market logic (Levy and
Spicer, 2013). This imaginary, seeking the cheapest path to mitigation with minimal
systemic disruption (Rubiano Rivadeneira & Carton, 2022), effectively dominates
the “corridors” of perceived feasible climate action (Beck & Oomen, 2021). A key
consequence of this framing is that it inherently sidelines deeper political and ethical
questions concerning fossil fuel accountability, risk distribution and considerations
of equity (Beck & Oomen, 2021; Rubiano Rivadeneira & Carton, 2022; Van Beek
et al., 2022). The power and specificity of such imaginaries are best understood
when they become embedded in concrete national projects and public discourses
(Kim and Jasanoff, 2015), illustrated by the divergent social meanings CCS has
acquired across different countries.

“Last chance for carbon capture and storage” was the assessment of a Nature paper
from 2013 (Scott et al., 2013), which exemplifies the long and evolving history of
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imaginaries that have portrayed, contested and reinvented CCS through its many
highs and lows over its lifetime (Tennesen, 2011). As I write this in 2026, CCS
deployment overcame the 2013-dip and has reached an all-time high within a post-
Paris political landscape (Global CCS Institute, 2025). This is precisely the period
in which imaginaries have “become even more important as climate politics is no
longer about raising awareness but about shaping the sustainability transition itself”
(Hajer and Pelzer, 2018, p.222). The technology’s shifting social meaning, from
“last chance” to, in some contexts, a mainstream climate tool, is nationally grounded
and politically contingent, as illustrated by contrasts across Europe. In Poland, the
imaginary of coal has been “fused” with national development, with CCS framed as
part of a modern, clean technological future essential to the nation’s economy as
linked to coal (Kuchler & Bridge, 2018, p. 144). But in neighbouring Germany, by
contrast, CCS technology is discussed “with much reluctance”, often framed as a
moral hazard that distracts from present reductions or as a high-risk “waste disposal”
technology due to fears of leakage and seismic activity (Otto et al., 2021, p. 7). This
negative narrative is however changing quite rapidly, illustrated by a CO, transport
and storage law being implemented in late 2025 and the exploration of CCS as
common interest projects between Norway and Germany (Faber et al., 2025). A
comparative study of media framing in Norway and Sweden further illustrates how
the nationally specific imaginaries shape CCS’s social interpretation (Buhr &
Hansson, 2011). In Norway, CCS is embedded in a national project narrative, with
the state assuming responsibility and the media conveying pride and legitimacy
which frames benefits as CO,-free domestic power, technology exports and an
enhanced international reputation. In Sweden, where no such hegemonic national
project exists, media discourse rather question “whether CCS should be considered
a sustainable pathway at all” (Buhr & Hansson, 2011, p. 344).

Marzban and Karimi’s more recent work has provided a structured, scenario-based
methodology for analysing competing CCS imaginaries (2026). Their work
demonstrates how thinking about the future can systematically unpack the value
regimes (Levy & Spicer, 2013) embedded in different pathways, showing that the
debate over CCS is fundamentally a debate over desired social futures. Their work
confirms that CCS futures are not uniform, and propose four scenarios presented as
political tools to raise awareness of diverse, plausible pathways of CCS
development: the first is seamless deployment aligned with techno-optimism with
steady innovation, helped by political support and public acceptance which allows
CCS to develop as a mainstream mitigation tool within existing economic and
governance frameworks. The second is obstacle-ridden implementation where CCS
advances slowly due to public scepticism, political caution and economic hurdles.
The third is stagnation, where CCS is socially delegitimized, seen as a harmful
distraction or a form of greenwashing, ultimately abandoned in favour of renewable
energy and efficiency. The fourth and final pathway is the negative emissions boom,
an imaginary of transformative integration where CCS, BECCS and DACCS are
propelled by bottom-up support, strong policy and funding into a new carbon
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management regime (Marzban & Karimi, 2026). Each of these imaginaries encodes
different values, such as economic continuity versus more community-led
transformation, which underscores the political struggle over which values
dominate in the decarbonisation agenda (Beck et al., 2021; Levy & Spicer, 2013).

This body of work underscores that imaginaries are performative. They are
“techniques of futuring” that make specific pathways appear feasible and desirable,
as “the public imagination is infused with visions of future environmental
catastrophe and social inequality — as well as visions advocating for and assessing
specific technologies” (Oomen et al., 2022, p. 254). In this view, “the future is real
in so far as social actors produce representations of the future which have an effect
on others’ actions in the present” (Tutton, 2017, p.483). The absence of powerful,
desirable counter-visions, as Prainsack (2022) argues, can itself explain the
persistence of contested socio-technical regimes. This stresses the central role that
values and social understandings play in imaginaries, as what one imaginary might
put forth as “efficient” another might call “unjust”. Thus, to critically evaluate an
imaginary like the cost-efficient deployment of CCS, it is important to explicitly
engage with theories of justice. It is to these frameworks, which provide the
principles to assess outcomes, identify harms and articulate alternatives in my work,
that I turn in the following sub-chapter. I will start by introducing the justice
compass that directs this research, namely climate justice.

Justice Conceptualizations

Climate justice fundamentally seeks to address the core inequity of climate change:
that contributions to its onset are profoundly unequal and that the capacity to deal
with its impacts is unequally distributed, culminating in a situation where those who
have done the least to cause the problem are often the most vulnerable to its
consequences (Adger et al., 2001; Islam & Winkel, 2017). This posits climate
change as a preeminent justice issue that can be defined as “fundamentally about
paying attention to how climate change impacts people differently, unevenly and
disproportionately, as well as redressing the resultant injustices in fair and equitable
ways” (Sultana, 2022, p. 118). Climate justice is made particularly complicated
since the activities that constitute the wrong, such as the burning of fossil fuels, “are
not wrong per se, such as genocide or slavery, but are only wrongful when done
excessively” (Meyer & Roser, 2010, p. 230).

In global climate governance, calls for greater equality, equity, access and allocation
of rights and responsibilities under the UNFCCC have a long and contested history
(Caney, 2014; Pickering et al., 2012; Shue, 1999, 2018). The formal codification of
these key equity principles for just climate change mitigation (and adaptation)
comes from the cosmopolitan-aspirational framework of the UNFCCC and the Paris
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Agreement, instruments shaped by Northern diplomatic and legal traditions
(Okereke, 2008; Ciplet & Roberts, 2017). However, their substantive ethical force,
particularly the demands for equity, historical responsibility and the right to
development, stems from decades of advocacy, scholarship and protest from the
Global South and global climate justice activist movements, supported by some key
Northern countries and diplomats (Okereke, 2008). These justice principles are
therefore a hybrid, contested consensus, providing a yardstick against which to
measure climate policy.

The cosmopolitan principles are aiming for a “globally fair distribution of benefits
and burdens” (Biermann & Kalfagianni, 2020, p. 3), notably, in a way that “ensure
global benefits at the lowest possible cost” (UNFCCC, 1992). While the notion of
cost-efficiency is central in UNFCCC principles, it is enshrined alongside
foundational concepts like equity, the right to sustainable development, common
but differentiated responsibilities (CBDR) and respective capabilities, and
protecting the most vulnerable (IPCC, 2014; Kantikar et al., 2018; UNFCCC, 1992).
CBDR is a cornerstone of the UNFCCC. It acknowledges a shared global duty while
insisting that responsibilities need to be differentiated based on historical
contributions and current capacity, essentially placing the weight of leadership on
developed nations (Klinsky et al., 2017). Scholars also highlight the importance of
protecting the worlds’ vulnerable (Klinsky et al., 2017; Okereke & Coventry, 2016).
These foundational principles were later reaffirmed by the Paris Agreement’s call
to achieve climate goals “on the basis of equity” and in “the context of sustainable
development and efforts to eradicate poverty” (2015). Notably, the [IPCC’s Fifth
Assessment Report (Synthesis Report) (2014) also formalized a combination of
equity principles in a dedicated chapter on “Foundations of decision-making about
climate change”, to serve the basis for discussions on “equitable burden sharing in
a climate regime” (p.76). Essentially, this means that principles of climate equity
have been formalised in the global climate governance structure (Lefstad & Paavola,
2023).

The perhaps most contested equity principle is the one referring to the right to
sustainable development. For this analysis, sustainable development is understood
as a process that meets human needs within planetary boundaries, as emphasized by
ecological economists, while actively pursuing intra- and inter-generational equity
(Costanza et al., 1997; Daly, 1992). The definition I use is the one put forth by the
Brundtland report, where “(s)ustainable development seeks to meet the needs and
aspirations of the present without compromising the ability to meet those of the
future” (WCED, 1987, p. 39). This is a contested political project, since the meaning
of sustainable development is shaped by core tensions between growth and limits,
competing interpretations of equity, as well as between instrumental and intrinsic
valuations of nature (Daly & Farley, 2011). Asara et al. situate sustainable
development as the dominant paradigm that emerged in the late 1980s with the goal
of harmonising economic growth, social welfare and environmental protection
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(Asara et al., 2015). In their analysis, sustainable development, in its mainstream
interpretation, is problematised as a depoliticised framework that leaves the
imperative for economic growth unchallenged. Critics renders it a form of weak
sustainability, a technocratic concept that facilitates consensus but fails to integrate
the deep and deliberate transformation required to address the intertwined crises of
ecology (in my context, climate change) and inequality (Asara et al., 2015). In the
Brundtland-report itself, it is stated that “[a]t a minimum, sustainable development
must not endanger the natural systems that support life on Earth: the atmosphere,
the waters, the soils and the living beings” (WCED, 1987, p. 43). But while the
meaning of sustainable development is deeply contested, oscillating between a
transformative project for equity and a depoliticized frame for continued growth
(Anker, 2018; Asara et al., 2015), its status as a foundational, consensual objective
of international climate governance is unambiguous. It is among the principles to
which states have committed to in the Paris Agreement and, consequently, the
benchmark against which the fairness of any mitigation tool, including CCS, can be
evaluated.

This cosmopolitan conception of climate justice, grounded in the global equity
principles of the UNFCCC, provides the moral compass for my analysis of CCS.
Equity concerns the fair allocation of resources and opportunities, recognizing that
individuals and groups start from different circumstances and may require
differentiated support to achieve comparable outcomes (Cook & Hegtvedt, 1983).
It is fundamentally about meeting people where they are. Justice, however, operates
at a deeper, structural level; it addresses the systemic and root causes of inequality,
including institutionalised power imbalances and discriminatory practices, seeking
to create a fair society (Dooley et al., 2021; Klinsky et al., 2017). In essence, equity
aims to provide the necessary tools for people to thrive within a given
system/situation, while justice questions and works to reform the system/situation
itself (Cook and Hegtvedt, 1983). The above understanding of climate equity may
be the norm in global climate policy, but it does not stem from a unison global
conception of justice. The very emergence of CCS as a prominent mitigation tool
was predicated on a rather different ethical foundation, rooted in competing
philosophical traditions of justice that prioritize economic efficiency over equitable
distribution.

From Map to Compass and the Necessity of Choice

If imaginaries provide the map for possible futures, justice acts as the compass to
evaluate their moral direction. Once established, imaginaries embed specific values
and are thus inherently normative. Yet as Sandel (1982, p. 176) observes, “the
values and relations we have are a product of choice”. There is no universal,
objective moral order to distinguish right from wrong. Instead, we must navigate a
landscape of competing conceptions of justice. This section introduces major
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Western philosophical traditions that underpin these conceptions, providing the
theoretical tools to critically assess the values encoded in imaginaries like those
driving CCS.

In the next sections I will shortly introduce the main Western theories of justice, to
provide a background into definitions and understandings of justice and how these
translate into political arrangements. Where above I introduced the climate equity
principles that direct global climate change governance, those equity principles are
interpreted according to various justice conceptions. This breaking-down of what
justice is has been helpful for me to understand where and how CCS plays into
climate justice and how questions of justice are currently being governed. As my
research is situated in the Global North, I place my focus on Western conceptions.
I want to note that there are a plethora of justice conceptions out there, and that this
simplified list is by no means exhaustive and should not be seen to diminish the
reality of the plurality of justice understandings across the world, but they do
broadly cover the justice conceptions that can be found in global climate change
governance policies and treaties (Biermann & Kalfagianni, 2020; Lefstad &
Paavola, 2023; Sterba, 1980), which are relevant to this research.

Recognizing that Climate Justice is One of Several Understandings

The integration of CCS into the climate change mitigation toolbox exemplifies how
a specific conception of justice becomes embedded in policy. CCS gained
prominence through the Integrated Assessment Models (IAMs) used by the IPCC,
amethodology designed to identify cost-optimized pathways to mitigation (Rubiano
Rivadeneira & Carton, 2022). This choice, to search for the most cost-optimized
approach to climate action, is itself a value judgement which indicates that economic
efficiency is prioritized over other parameters, such as equity or restorative justice.
This choice can be traced to deeper philosophical traditions that have shaped
Western thought since the Enlightenment. To understand the conflict between the
cosmopolitan climate justice compass I adopt and the logic driving CCS, it is
important to understand these root traditions.

Justice is a multi-dimensional concept, debated across several intersecting planes.
Scholars often distinguish between its key dimensions, such as distributive justice,
which concerns the fair allocation of benefits and burdens; procedural justice, which
concerns the fairness of decision-making processes; and recognitional justice,
concerning the respect for diverse identities, cultures and experiences of different
(groups of) people (Schlosberg, 2012, 2004; Fraser, 2012). The implications of these
in CCS applications have already been shortly introduced in the previous chapter,

! I'want to make it clear that the IPCC put forth in e.g. their 5" Assessment Report that also social
and ethical valuation-methods are available, in addition to economic ones, to assist decision-
making (IPCC, 2014), but indeed economic optimization is the primary method in IAMs.
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but the important thing to note is that different principles and understandings of
justice can be applied within these dimensions.

The overview that follows focuses on the underlying philosophical foundations of
justice - the core ethical premises about what makes a society fair (Sen, 2002). These
three dominant traditions provide the normative foundations that generate and
justify specific positions on distribution, procedure and recognition, and rationalise
the prioritisation of certain principles over others. Broadly, the choices that direct
our actions and thoughts on justice are deduced from three main traditions:
maximising welfare (utilitarianism), respecting freedom (libertarianism), and
promoting virtue (virtue ethics). Each offers a different answer to the fundamental
question of what do we owe each other in a just society (Sandel, 2010). The
following overview of justice conceptions navigates a complex philosophical
landscape. I distinguish between the underlying ethical traditions that inform
theories of justice, and the more political theories that apply them to governance.
The climate justice framework outlined above is an example of a political theory
built upon a virtue-ethical foundation. For instance, the philosophical commitment
to treating individuals as ends-in-themselves, a virtue-based ethic, provides the
foundation for political theories like cosmopolitanism which dominate the discourse
in the UNFCCC (Lefstad & Paavola, 2023). Similarly, liberal egalitarianism
through e.g. Rawls can be seen as a political application of these virtue-based ethics
within the context of a nation-state. The following synthesis will first outline the
three core philosophical traditions of utilitarianism, libertarianism and virtue ethics,
before also briefly noting their key manifestations in political and climate
governance discourse. The following table synthesises the key features of these
traditions.

Table 2: Core principles of key philosophical traditions

Philosophical Core Principle Role of the View on Subjects of
Tradition State Redistribution Justice
Utilitarianism Maximize overall To maximize the  Justifiable if it The collective
welfare/ total utility of its leads to a net population
happiness citizens increase in whose
overall welfare happiness is
being
aggregated
Libertarianism Maximize A minimal state A violation of The individual, a
individual liberty  to enforce individual rights, self-owning
and respect for contracts & unjust by default  agent
private property protect against
rights force, theft, fraud
Virtue Ethics: Cultivate moral To create Justified if it All individual
character and conditions that upholds the duty  human beings
treat individuals respect human to respect worthy of
as ends-in- dignity and persons and respect
themselves autonomy ensure fairness
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Utilitarianism: Justice as maximizing welfare

Maximising welfare, or utilitarianism, works according to the greatest happiness
principle where just outcomes is about weighing costs and benefits. Essentially,
consequences are calculated and the right thing to do is whatever will produce the
best outcome overall, all things considered (Sandel, 2013). Utilitarianism was an
idea initially developed by Jeremy Bentham in the 1780s. Bentham was an
established Enlightenment thinker, and his main contribution was bringing
rationality to politics and ethics - the idea that preferences can be weighed and
calculated (Okereke, 2008). This weighing can be executed through cost-benefit
analysis, where costs and benefits are compared in monetary terms, and can be
executed by the state, as the role of the state from a utilitarian perspective is typically
to maximize the utility (happiness) of its citizens (Okereke, 2008; Sandel, 1982,
2013).

Weighing preferences against each other with the goal of maximizing overall
happiness created an idea that justice and morals can be calculated without
normative judgement: calculations can be based on more “reasonable” “scientific
means” for optimising overall happiness (Sandel, 1982; Sterba, 1980). The omission
of normative or subjective elements from moral questions about right and wrong
formed the basis of contemporary science and may have trickled down into
contemporary ideas of justice and equity being normative issues that should not be
discussed in scientific climate change fora (Pickering et al., 2012). This idea of
maximising individual happiness was the initial idea leading to our modern market
societies and welfare states, but it comes with one major limitation: lack of
consideration of individual rights, since the goal is to maximise overall levels of
happiness (Sandel, 2013). To understand it simply, the question directing thinking
in this tradition would be “what action will create the best overall outcome for most,
all things considered”.

Libertarianism: Justice as respecting freedom

In almost direct opposition to utilitarianism, individual rights are the main tenet of
a libertarian perspective of justice. This is a popular conception broadly developed
by philosophers, political theorists and economists like John Locke, Friedrich
Hayek and Robert Nozick, where liberty is considered the ultimate moral ideal
(Sterba, 1980). Here, human freedom is the objective of highest value. Libertarians
believe that everyone has a fundamental right to do whatever they want with the
things they own, including themselves, as long as they also respect other people’s
rights to do the same(Sandel, 1982, 2013). Justice for libertarians means people are
free to pursue their own interests without coercion, which makes its proponents
more concerned with processes than outcomes. As long as the processes are just, the
outcomes are by default also just (Sandel, 2013). Here, all people are equal before
the law with inherent rights to life, liberty and property, so any individual person is
a legitimate subject of justice (Boettke et al., 2017).
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In its most extreme application, justice from a libertarian perspective depends on
two requirements: did an individual legally and legitimately obtain the resources he
or she used to gain their property? And did the distribution happen in a free market
exchange? This means that if a person became a billionaire from selling stolen
goods, this would be unjust and thus require remedy (Sandel, 2008). However, as
long as the processes were lawful, the outcomes are perceived as just and thus not
to be disrupted (Sterba, 1980). “Social justice is blind because it remains forever cut
off from the wisdom of the market” (Mirowski, 2013, p.63), in other words, the state
should not interfere in trying to create “just outcomes” since the market will know
best. This focus on processes leads to a very specific view of the role of the state.
Only a minimal state would be morally right here, whose only legitimate role is to
protect against force, theft and fraud, and to enforce contracts (Nozick, 1980).
Redistributive policies are considered a violation of human rights and are as such
considered unjust by default, since each individual is entitled to whatever they own
as long as the ownership came about voluntarily and through transfer from another
legitimate owner (Nozick, 1980). Redistribution through e.g. taxation is argued to
lead to inefficiencies that would harm economic growth, which would harm overall
welfare. Here, policies for justice are policies that create economic opportunities for
all, such as lowering taxes and reducing barriers to free markets (Friedman, 1980;
Hayek, 1980). As a result, the only legitimate mechanisms for justice are economic
free-market-based ones that create new or enhanced economic opportunities
(Okereke, 2008). Libertarian mechanisms have become a common approach in
global climate change negotiations, meaning climate action is often marketised
(Ciplet & Roberts, 2017; Lefstad & Paavola, 2023; Okereke, 2008). I will return to
this in the section on political economy.

Egalitarianism: Justice as promoting virtue and fairness

The third and last major philosophy, virtue-based justice, focuses on the moral
character of the actor and offers a fundamental alternative to utilitarian and
libertarian views. As the oldest theory of justice in Western literature, originating in
ancient Greek philosophy, it posits justice as a human virtue grounded in our
intrinsic ability to reason and distinguish right from wrong (Fraser, 2010a; Sterba,
1980). Immanuel Kant modernized this perspective by arguing that morality is not
about maximising happiness or respecting liberty alone, but about respecting people
as an end itself. He developed virtue-based ethics in direct response to utilitarianism,
contesting that rights become vulnerable when rested on calculations of what
produces the greatest happiness. For Kant, desired outcomes — for example an
overall increase of happiness, is an insufficient condition for justice (Sandel, 2010).
Instead, what is morally just depends on the motive, not the outcome. Justice
requires us to uphold human rights of all people simply because they are “humans
capable of reason and therefore worthy of respect” (Sandel, 2010, p. 91). This justice
based on duty and moral law forms the philosophical foundation for modern human
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rights (Humphreys, 2009), and informs two contemporary important political
theories of justice: liberal egalitarianism and cosmopolitanism.

Liberal egalitarianism

Liberal egalitarianism is a conception of justice developed in contrast to
libertarianism, broadly stemming from John Rawls” attempt to combine freedom
with social equality (Sterba, 1980). It applies a Kantian respect for persons within
the context of the nation-state. Here, justice is viewed as fairness, realized through
just political and social institutions that ensure equal political, economic and cultural
opportunity (Rawls, 1971, 1980). Unlike libertarianism, liberal egalitarianism is
concerned with both just processes and equitable outcomes. Rawls’ famous two
principles of justice state that each person is to have “equal right to the most
extensive basic liberty compatible with a similar liberty for others”, and that “social
and economic inequalities are to be arranged so that they are both a) reasonably
expected to be to everyone’s advantage and b) attached to positions and offices open
to all under conditions of fair equality of opportunity” (Rawls, 1980, p. 52). Subjects
of justice are members of a society with a shared public culture and political system,
usually a nation state (Biermann & Kalfagianni, 2020). The role of the state and the
mechanisms for achieving justice rests on social contract theory and the design of
social and economic policy to benefit the least well off to achieve good lives, but it
is not the role of the state to dictate what such a good life entails (Okereke, 2008;
Rawls, 1971).

Cosmopolitanism

As previously established, cosmopolitanism globalizes the core tenets of liberal
egalitarianism, applying the Kantian principle that all individuals are ends in
themselves to the entire global populace. A conception commonly found in
international climate governance (Lefstad & Paavola, 2023), cosmopolitanism
argues that justice requires that “persons of equal ability and motivation have equal
opportunities to attain an equal number of positions of a commensurate standard of
living” (Biermann & Kalfagianni, 2020, p.5; Caney, 2001). Subjects of justice are
not just individuals within a nation-state, but subjects in a global society based on
interdependence through e.g. trade. This view holds that distribution of national
resources is entirely arbitrary, e.g. that Norway or Saudi Arabia have oil while
Sweden does not, which is a matter of chance, and as such not based on merit.
Therefore, the mechanisms for justice for cosmopolitans are based on global
redistribution to benefit the poorest people, to equalize opportunities across the
globe.
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Revisiting the tensions in CCS deployment

Under the climate regime of the UNFCCC, a gap emerges between these agreed
cosmopolitan principles of what justice is understood to be and the mechanisms
deployed to enact them. Here, subjects of justice are global citizens and principles
of justice are based on fair distribution and human rights, stemming from virtue-
based ethics and cosmopolitan justice traditions (Biermann and Kalfagianni, 2021).
But in the mechanisms deployed to enact justice a divergence in these ethical
traditions becomes clear, as utilitarian and libertarian imaginaries of justice
dominate. Market-based mechanisms prioritising cost-efficiency, aligning with a
libertarian worldview, often override distributive justice concerns in final
agreements, including in the Paris Agreement (Lefstad & Paavola, 2023). Of course,
the UNFCCC should not be viewed as holding a global coherent justice view, as
some nations e.g. frequently advocate for liberal-egalitarian mechanisms that
prioritise benefitting their own citizens over for example a more cosmopolitan
interpretation that would benefit all global citizens (Fraser, 2010b; Lefstad &
Paavola, 2023; Shue, 2018). Cost-efficiency and dealing with climate change in a
way that “ensure global benefits at the lowest possible cost” are clearly embedded
in the UNFCCC principles too (UNFCCC, 1992). But what is important to note here
is that by being signatories to the UNFCCC and Paris Agreement, it is not only cost-
efficiency that is supposed to drive mitigation. Cost-efficiency can be one of the
principles that guide action, side by side with the others identified here. Problems
arise when cost-efficiency is the only or the dominating principle taken into account.

This tension between principle, what we understand justice to be, and mechanism,
what we do to correct injustices or make equity happen, is reflected within climate
governance. Some have suggested to sideline equity overall for fear that it will
complicate negotiations and undermine collective action (Keohane, 2016; Pickering
etal., 2012). This view posits equity as a dangerous distraction in a post-Paris world.
However, as Pickering et al. (2012) argue, research on equity is not a distraction but
an essential precondition for effective, legitimate and durable climate action.
Klinsky et al. (2017) put forth four key reasons for this: First, an obligation to human
wellbeing demands that we account for the differential impacts of policies on the
most vulnerable. Second, understandings of justice and equity are essential to
rigorous political analysis, as equity claims are central to the formation of coalitions
and negotiation dynamics. Third, equity is not inherently in tension with climate
action - perceptions of fairness are important for building the reciprocity and
legitimacy needed for long-term cooperation. Fourth and finally, and perhaps most
importantly, we cannot meaningfully understand the trade-offs of different policy
pathways without an equity lens that reveals who wins and who loses within this
particular system.

From this, it is possible to derive several conclusions for the objectives of this PhD
thesis. I draw an understanding that a just outcome for CCS deployment cannot be
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evaluated through a techno-market imaginary alone, since this imaginary does not
have the capacity to consider just outcomes in the cosmopolitan sense. The
cosmopolitan sense is important in this thesis because it is the one mainly directing
the UNFCCC (Lefstad & Paavola, 2023) and the one I personally find to be the most
appropriate due to its focus on outcomes, not in the utilitarian cost-benefit sense but
in the sense that all humans are inherently worthy. That means that I must assess
just CCS deployment against the established equity principles of the climate regime
that focuses on outcomes, namely responsibility, capacity to act, the right to
sustainable development and to protect the most vulnerable without perpetuating
existing inequalities (IPCC, 2014; Kanbur & Shue, 2018; Klinsky et al., 2017; Shue,
2014; Sultana, 2022), because my goal is to contribute to climate change mitigation.

A core concern | explore in my work is whether the market-based mechanisms
might sideline deeper questions of equity, accountability and even possibilities for
transformative change, in favour of mitigating climate change to the extent possible
without disrupting the socio-economic status quo. The theoretical framework is
missing one last part to be able to look at this more comprehensively. I now turn
from the ends of justice, having established the principles we need to achieve for
CCS deployment to be just, to the means of governance, to examine the role of the
state and of the market in deployment of CCS as climate policy.

A Political Economy of Decarbonisation

The Paris Agreement, by comparison of what it could have been, is a miracle.
By comparison of what it should have been, is a disaster.
(Ciplet & Roberts, 2017)

In this section I outline the neoliberal ideology that is shaping contemporary climate
governance. My aim is to explain its core tenets, implications and logic, as this
ideology provides the essential context for understanding the current governance
approach to CCS in the post-Paris era. A important development is how a neoliberal
turn was taken in the mechanisms proposed to achieve the Paris Agreement (Ciplet
& Roberts, 2017; Lefstad & Paavola, 2023). In practice, this means that the Paris
Agreement “is largely indicative of a process of marketization” (Ciplet and Roberts,
p-153), where the focus for climate change mitigation has become one on how to
effectively leverage the private sector to act. In short, “the private sector has
emerged as the primary mechanism for spurring mitigation (...) action” (ibid).

To analyse CCS governance is to analyse the interaction of states and markets, a
core concern of political economy, literally defined as the interaction of “states” and
“markets* (Kaczmarczyk, 2021; Kern et al., 2016; Paul & Amawi, 2013). Where
economics is understood as “the laws of the marketplace” and politics as “the
processes that generate government policy” (Paul and Amawi, 2013, p2). This
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acknowledgement of the centrality of politics makes the study of the interaction of
states and markets inherently a study of justice: “From abstract philosophy down to
the most mundane of public policies, one way of life is chosen over another, and
one set of values placed above its rivals” (Paul and Amawi, 2013, p8). This
interaction is critical for CCS, as its development and deployment are wholly
contingent on policy support to create a viable business case (Kern et al., 2016).
Therefore, CCS cannot be separated from its political-economic context. This
context is dominantly shaped by neoliberal, market-centric ideology (Lohmann,
2012), briefly explained below.

Neoliberal Ideology in Climate Governance

The key ideology characterizing global environmental governance and climate
change policy in general is neoliberalism (Ciplet & Roberts, 2017; Clapp &
Dauvergne, 2011; Okereke, 2008). Neoliberalism can be described as “a politically
guided intensification of market rule” (Brenner et al., 2010, p.184). Ciplet and
Roberts characterise neoliberal environmentalism by four main processes; “1) the
prominence of libertarian ideals of justice, 2) marketisation (where market
mechanisms and private sector engagement are viewed as the most effective and
efficient forms of governance), 3) governance by disclosure (where the primary
obstacle to sustainability are “imperfect information” and regulatory structures that
inhibit innovation), and 4) exclusivity (where multilateral decision-making is
shifted from consensus to minilateralism)” (2017, p.150). As the first process was
already unpacked in the previous sub-section, and the fourth is more applicable on
global governance level in e.g. the UNFCCC and in COP processes (Okereke, 2008;
Lefstad and Paavola, 2023) rather than on Norwegian/European level, I will unpack
and explain the second and third process of neoliberalism in this sub-section.

As “neoliberalism” is a contested term with diverse interpretations (Mirowski,
2013), I will focus on the “umbrella context” relevant to CCS policy. Neoliberalism,
in essence, is a political-economic ideology that asserts the superiority of market
mechanisms and private enterprise in organizing society and solving public
problems. In brief, it promotes “an approach to solving environmental problems
through privatization, commercialization and commodification of natural
resources” (Bakker, 2005). A common understanding is that economic growth and
high per capita incomes are key to welfare and sustainable development (Clapp &
Dauvergne, 2011), which are pursued through widespread markets and private
property rights secured by the state (Hodgson, 2015). A commonality among
growth-based ideologies, including neoliberalism, is the idea that with economic
growth, “all boats will rise”, thanks in large part to entrepreneurship and innovation
through modern science and new technology. Important to note is that neoliberalism
has “never been implemented uniformly”, and it faces resistance and critique (Ciplet
& Roberts, 2017, p. 149).
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Philosophical and Historical Foundations

The neoliberal ideology is underpinned by the libertarian and utilitarian
philosophical traditions dominant in the global North, which support a political-
economic order based on profit-oriented private property (Jessop, 2012) and which
established the foundations for neoliberal climate governance (Okereke, 2008).
“Ideology” is defined in the Cambridge dictionary as a “set of beliefs or principles,
especially one on which a political system, party, or organization is based”. As a
formal political project, neoliberalism was advanced after the Second World War
by thinkers like Friedrich Hayek and Milton Friedman (Mirowski, 2013). The
neoliberal project started from the point that the good society they are seeking must
be constructed. Its public discourse champions a “weak™ state to enable a “free”
market, however, a central paradox key to this analysis is that neoliberalism in
practice requires a strong state to construct and guarantee the conditions for that
market (Bonefeld, 2015; Jessop, 2012; Mirowski, 2013).

The argument is that only a strong state can set the rules and regulations needed to
ensure fair and orderly market competition, thereby producing a stable market
society. A weak state is “the Achilles heel of a free economy [read: a free market):
unable to defend itself from the preying social interests”, “succumbing to the attacks
of pressure groups, monopolies and unionized workers” (Bonefeld, 2015, p. 20).
The weak state allows these interests to govern through it, unable to set limits and
rules. A strong state is required to protect and restrain competition and establish and
police rules and regulations, so freedom is not misused (Bonefeld, 2015). The state
then is essential to decide the rules of the game and to enforce these rules, to then
facilitate the operation of the invisible, all-seeing and all-knowing hand of the
market: The market, through price, knows everything worth knowing (Hayek,
1980), so the state should actively create the conditions for the market to function
to its full capacity (Bonefeld, 2015; Hodgson, 2015; Mirowski, 2013). This market
“can seemingly always provide solutions to problems caused by the market in the
first place” (Mirowksi, 2013, p.64). In response to the climate crisis, it is therefore
best, in the neoliberal view, “to enlist the strong state to allow the market to find its
own way to the ultimate solution” since “the final arbiter of truth is the market”
(ibid, p.338). The state’s core role is to actively create the framework from within
which the market can function to its full capacity (Bonefeld, 2015; Mirowski, 2013).

Success, here, is determined by having a functioning market system where
economic agents respond to price signals in a “civilized and self-responsible
manner” (Bonefeld, 2015, p.19). This places a lot of responsibility on governments,
as failures in the market can be considered political failures where the governments
failed either in creating the necessary conditions to market freedom or in restraining
competition, restraining greed, implementing the right rules or regulations or laws,
etc. In other words, it is commonly accepted (even if not always publicly
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acknowledged) that “markets require rules” and active governing (Mirowski, 2013;
S. K. Vogel, 2023, p. 320).

“State” and “Market”

Given the centrality of the state-market relationship, it is necessary to define these
terms. This is no easy task, as “the state is undeniably a messy concept” (Mann,
1984, p. 187). According to Mann, the state contains four main elements: 1) “a
differentiated set of institutions and personnel, embodying 2) centrality in the sense
that political relations radiate outwards from a centre to conver c) a territorially
demarcated area over which it exercises d) a monopoly of authorative binding rule-
making” (ibid, p.188). As such, I understand the state as a functional authority able
to implement rules, laws and regulations, driven by a political agenda, and as for the
case of Europe, headed by democratically elected parties and leaders.

A market, meanwhile, is understood as an arena where buyers and sellers engage in
“voluntary exchange where both parties to an exchange expect benefits” (Hodgson,
2015, p. 10). This builds on libertarian philosophy placing heavy ideological weight
on “free markets”, though we know that this freedom is necessarily governed by a
strong state framework (Mazzucato, 2013; Mirowski, 2013). The neoliberal ideal is
a “perfect” market characterized by many buyers and sellers, comparable products,
complete information, no entry costs, and where supply and demand determine
prices (Vogel, Steven K., 2018). A critical piece for a perfect market is competition,
which can help limit unearned “rents”; the income or returns above market value
which could otherwise distort the market functioning. Extending these definitions,
one could understand the “state” as representing the public sphere and the “market”
as representing the private sphere, a distinction I maintain throughout this thesis. Of
course, this is a simplified understanding. The market and the state cannot be
entirely separated (Hanieh, 2024) as they weave into each other in various ways, for
example through (part- or majority-) state-owned companies. Equinor is a perfect
example as the Norwegian state owns 67 per cent. Nevertheless, I see the state and
market still valid as separate categories as they perform different functions and as
such are separable. And, alas, for this market to function perfectly, rules must be in
place, ultimately defined and enforced by the state.

A debate on “Marketcraft” and the Purpose of Governance

As established in the preceding sections, the neoliberal view paradoxically requires
a strong state to construct, regulate and police the “free” market framework within
which private actors can operate and compete. This prescribed role is predominantly
that of a “market fixer”, where the state’s task is to correct for “market failures”
(Mirowski, 2013). These would be situations where the idealized conditions of a
perfect market, with perfect competition, information and no externalities, breaks
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down, in turn leading to inefficient outcomes (Vogel, 2018). Examples of failures
include the lack of competition in natural monopolies, the undersupply of public
goods, and the negative externalities of pollution, where the social cost of an activity
is not reflected in its market price. The state’s intervention is thus legitimised as a
necessary correction to restore efficient market function (Mazzucato, 2013). This
corrective, minimalist role is the endpoint of the neoliberal logic, where the (strong)
state enables and fixes the market but does not steer it, for example towards specific
public goals, since the market knows best what needs to be done.

Aligned with this minimalist view of the state is a role chiselled out by the demands
of private capital, where the state, as required, takes on the role as a “de-risking”
agent (Collington, 2025; Scholvin et al., 2025; Vezzoni, 2024). In de-risking, the
state plays a role in absorbing financial risk in high-risk, capital-intensive projects
with uncertain futures (Mazzucato, 2013; Collington, 2025) — characteristics that fit
the description of CCS technology. The goal is essentially to summon the state to
assume the risk of failure through various alternative means, including subsidies,
loan guarantees and financial buffers, in order to transfer potential losses onto the
public budget to essentially encourage private capital to invest (Hunt & Tilsted,
2024; Vezzoni, 2024). This creates a form of private-public partnership where the
state facilitates, regulates and de-risks development, while private actors finance,
manage and profit from them (Mazzucato, 2013; Vezzoni, 2024). Critics argue that
this “de-risking state” risks lacking an independent, strategic vision, potentially
prioritizing profitable asset creation over equitable public outcomes, and making
deployment contingent on return (Grubert & Talati, 2024; Vezzoni, 2024).
Furthermore, this form of de-risking where the state only finances without reaping
any (financial) rewards from their risk-taking is not sustainable long-term
(Mazzucato, 2013).

This traditional view of the state invites a critical question. If the state is already so
deeply involved in crafting the rules of the market, what should those rules aim to
achieve, and in whose interests (S. K. Vogel, 2023, p. 321)? A growing body of
scholarship is challenging the narrow “market fixer”, which extends into the “de-
risker” conception, and argues for a more purposive and strategic role for the state.
Scholars like Steven Vogel and Mariana Mazzucato do not dispute that markets
require rules, but they do dispute the passive and corrective purpose assigned to the
state in traditional (neoliberal) economic theory. It is their belief that markets can
be directed, designed to achieve equitable outcomes and to deliver critical public
goods. A public good would be a commodity or a service that is provided without
profit to all members of a society. According to Vogel, “we can craft governance to
empower markets, and to direct them towards the public good” (2018, p. 150).

Similarly, Mazzucato’s concept of the “entrepreneurial state” challenges the view
of the state as merely that of a “market fixer”. In this orthodox view, state
intervention is justified only in the case of market failure, as identified above. These
failures can take two forms: 1) to correct structural inefficiencies like monopolies
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or oligopolies that distort competition and reduce public welfare, and 2) to address
situations where the social return on investment exceeds the private return on
investment. This second rationale is critical for technologies with public-good
characteristics or high initial risks and refers to when the broad societal benefits of
an innovation are large, but the financial profits are uncertain, distant or difficult for
a private firm to capture, and as a result the market will systematically underinvest.
The state steps in to fill this “investment gap”, by e.g. subsidising or funding the
activity to align private incentives with the public good, after which it ideally
retreats (Mazzucato, 2013; Mirowski, 2013).

Mazzucato’s work moves beyond this corrective, gap-filling paradigm, making the
case for the “entrepreneurial state”: a state which can and must realize big, visionary
projects, where the state is a proactive visionary, investor and market-shaper (2013).
Entrepreneurship can be understood as a person/group who is willing and able to
convert a new idea or invention into a successful innovation — and that this
innovation goes beyond being just a new business and instead creates a new product,
process, or even a whole new market (Schumpeter, 1947; Mazzucato, 2013). She
demonstrates that in past missions and technological breakthroughs, from NASA’s
“man on the moon” to the internet, the state acted not just as a market fixer but took
on the active role of providing visionary, long-term and high-risk investment. The
state actively created and shaped entirely new technological landscapes and
markets, providing the strategic direction and more patient capital that the risk-
averse private sector lacked (Mazzucato, 2013; Schumpeter, 1947). This was
necessary because firms are structurally incentivised to prioritize financial gain, and
to only invest if short- or at least medium-term returns can be guaranteed (J. Hinton,
2020). The state, on the other hand, has more funds than most firms, is not legally
required to have a fast return on profit, and does not have investors chasing them
demanding high returns (Mazzucato, 2013).

My research engages with these perspectives to highlight a central tension: while
neoliberal governance prefers market-centric tools, effective and just deployment of
complex technologies like CCS, for the goal of mitigating climate change, might
demand a more directive, entrepreneurial and strategically crafted state role, as
exemplified by the lack of scaling up of CCS infrastructure (Abdulla et al., 2021;
Martin-Roberts et al., 2021). I will explore this point further in the synthesis of
findings section. First, let’s turn to how market-centric climate policy is actually
applied.

From Ideology to Political Economy: Market-Centric Climate Policy

In the context of climate change governance, mitigation responses have been
dominantly shaped by market-centric climate policy (Ciplet & Roberts, 2017,
Okereke, 2008). In this context, the state’s primary role is to create and regulate
markets that incentivize decarbonization (Lohmann, 2012). This approach uses
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economic mechanisms to incorporate the cost of emitting CO2 into market decisions
(Calel et al., 2025; Lohmann, 2008; Stavins, 2003), theoretically allowing “any
desired level of pollution cleanup to be realized at the lowest overall cost to society”
(Stavins, 2003, p.259).

For clarity, it is useful to contrast market-based instruments with the alternative of
command-and-control regulations. This approach, dominant in environmental
policy until the 1990s/early 2000s, relies on direct governmental mandates to
achieve environmental goals, such as setting emission limits, mandating specific
pollution control technologies, or banning certain substances. While effective in
many cases, such regulations are critiqued within mainstream economics for being
inflexible and economically inefficient (Stavins, 2003). By imposing the same
reduction requirements on all firms regardless of their abatement costs, command-
and-control approaches fail to harness the cost-revealing mechanism of the market
— goes the argument. They force companies to comply irrespective of expense,
potentially imposing higher total costs on society than a market-based system where
firms can trade permits or choose the cheapest way to meet an overall cap (Bretter
& Schulz, 2024, Stavins, 2003).

Neoliberal proponents argue that command-and-control regulations rely on a state
with incomplete information instead of the all-knowing market (Hayek, 1980) in
where and how decarbonisation can be done in the most cost-efficient manner.
Market-based instruments, instead of force, use financial incentives (or penalties) to
incentivise (or disincentivise) a targeted action (Stavins, 2003). The basic idea is to
incorporate a price-signal into specific actions, goods and/or services to make
cleaner alternatives more economically competitive or to make it more
economically competitive to reduce emissions compared to emitting them, and by
design leave it up to private companies, through the market, to decide the cheapest
way to do it. Market-based instruments rely on the profit motive, the imperative for
businesses to prioritize financial gain (J. Hinton, 2020; J. B. Hinton & Cornell,
2022), and the aim is to align the corporate profit-making motive with
decarbonisation targets to create “win-win” situations for both shareholders and the
climate (Lohmann, 2012).

A key strategy is marketisation: “the presence of market rationalities and practices”
(Anttonen & Meagher, 2013, p. 18), often by creating new markets. The EU
Emissions Trading Scheme (EU ETS) is a prime example, as it essentially created
a market in the rights to pollute (Calel et al., 2025). In short, the EU ETS sets an
overall limit on the total amount of GHG emissions allowed to be emitted by the
covered sectors (a limit that is lowered annually) and then lets companies trade
emission allowances, creating a carbon price to incentivize decarbonization. The
idea, in theory, is that the carbon price internalises the externality of emissions by
making every ton of CO; emitted have a cost equal to the market price of an
allowance. The effectiveness of these instruments, however, is contingent on design
and enforcement. Prices must be high enough to change behaviour. The EU ETS
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price has historically been too low to incentivize costly options like CCS, though
recent price increases (reaching €84/tCO2 in December 2025) are beginning to
narrow the gap to CCS cost estimates (€75 to €250/tCO2)(Lockwood, 2024).

Thus, even though market-based instruments dominate as the most cost-efficient
approach to decarbonization (arguably) (Bretter & Schulz, 2025), their effectiveness
is repeatedly challenged due to often inefficient tax and price-levels (Calel et al.,
2025). Profit-seeking firms are structurally incentivized to avoid investments
without short- or medium-term returns (Hinton, 2020), particularly where
alternatives, such as continued pollution in the absence of a sufficiently high CO2
price, remain cheaper. Furthermore, these approaches remain vulnerable to
fundamental market failures such as lack of perfect competition or information
(Shahar, 2017; Mosca, 2008; Perman et al., 2003).

A critical market failure relevant to CCS is the natural monopoly characteristics
present in parts of its value chain. Natural monopolies arise in sectors like railroads
and electricity grids, where characteristics of high fixed costs and economies of
scale prevail, making it economically inefficient to have multiple competitors
(Mosca, 2008; Roessler, 2019). Such conditions historically prompt direct state
intervention through e.g. state ownership or regulated private monopolies, because
standard market competition and neoliberal preferences for competitive tendering
are ill-suited since competition for the market cannot overcome the core
inefficiencies of operations in a natural monopoly (Roessler, 2019; Stilwell,
2011)(Gomez-Ibanez, 2016). The characteristics of natural monopolies that apply
to CCS are the vast, privately owned and/or operated high-cost infrastructure
networks, geographically specific storage sites, combined with how transport and
storage infrastructure can only transport and store a certain amount of CO2 at any
one time due to limited capacity of pipelines/other transport methods, but also for
maintaining storage integrity (Lane et al., 2021). These suggest the presence of
market failures from natural monopolistic characteristics, at least for parts of the
CCS value chain.

CCS Governance: A critical Juncture of State and Market

The dominant imagined deployment strategy for CCS technology has, to date, been
a market-centric one, reliant on private actors and supported by significant state
funding (Abdulla et al., 2021; Kern et al., 2016; Subraveti et al., 2023). Yet, the
market-centric attempt at deployment has so far failed to deliver CCS technology at
any meaningful scale, as exemplified by the 4% capacity-rate, globally, of what
would put us on-track with [EA’s Net Zero by 2050-goal for 2030 (IEA, 2024). This
might be explained by how CCS technology-deployment presents a compound
challenge for governance since it not only involves infrastructure with natural
monopoly characteristics due to being a high-risk, capital-intensive and
geographically bound technology, but it also lacks a clear market since, simply, the
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EU ETS price is too low (Aune et al., 2022; Calel et al., 2025; Kern et al., 2016; Oei
& Mendelevitch, 2016). This dual nature could trigger two distinct rationales for
state involvement within the paradigm of current market-centric deployment. First
there is the classic regulatory role to manage natural monopoly inefficiencies as
mentioned above (Roessler, 2019; Mosca, 2008). Second is the role chiselled out by
the demands of private capital, where the state takes on the role as the “de-risking”
agent (Collington, 2025; Scholvin et al., 2025; Vezzoni, 2024). Later chapters will
subject this context to critique grounded in climate justice principles, arguing that a
framework merely aimed at cost-efficient decarbonisation is insufficient if it fails to
address fundamental questions of equity and justice in the governance of climate
solutions, and especially so if it fails to deploy the technology at the needed scale.

Synthesis of Theoretical Framework

The approach I have developed here provides the lens through which I analyse CCS
technology by exploring the gap between its cost-efficient imaginary and the
demands of climate justice.

To sum up, I first employ the concept of imaginaries to reveal how the dominant
imaginary legitimises CCS by providing a techno-economic roadmap for its
deployment. The problem is that this “techno-economic” imaginary sidelines ethical
considerations. To overcome this, I introduce a critical climate justice lens, to be
able to evaluate this roadmap against the moral compass directed by equity,
responsibility and protecting the vulnerable. Here, I highlight the contradictions
between the critical climate justice discourse and utilitarian and libertarian
principles of market-centric climate policy. Lastly, I bring in a political economy
approach to analyse the current CCS governance framework. The ideal, to align with
the ethically justified “utopia” that is sustainability, is to link effectiveness and
justice in CCS deployment to achieve just climate change mitigation.

What emerges is a framework that ask, as mentioned on page 19: how is CCS
currently imagined and governed, and what are the justice implications of this? Why
are there tensions between the current deployment model and achievement of
climate justice goals, and how can CCS deployment feasibly be aligned with climate
justice objectives? Next, I turn to the research design to explain how I went about
answering these questions.
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Research Design

This chapter outlines the philosophical and methodological approach developed and
applied to address the research gap and answer my research questions. My research
is grounded in critical realism, a philosophy that acknowledges an objective reality
(including e.g. the physical constraints of CCS as well as the real-world impacts of
(in)justice) while understanding that our knowledge is always socially mediated.
This sets a foundation that justifies an approach which takes technical and economic
analyses seriously, though not as neutral truths. Rather, as socially situated claims
that I can then integrate with a political and ethical inquiry. This leads to my
methodological choices, characterised by a qualitative synthesis of existing
interdisciplinary research, expert interviews, participant observation and policy
analysis through thematic analysis.

Where I differ from previous critical social science literature is in my aim to move
beyond and between the separate assessments, the critical and the more techno-
economic, in the new post-Paris political context, to generate an empirically
grounded understanding of how CCS can be governed to achieve just outcomes. I
do this by deliberately centring justice to challenge the more dominant economic
narratives. My goal is not to produce another paper that says, “forget CCS” and also
not another one arguing for why it is needed, but rather, to recognise the
implementation pressures from many different angles and work towards just
outcomes. The following sections of this chapter detail the critical realist
philosophical foundation and the thematic analysis methodology, followed by an
overview of the research evolvement, including a brief explanation of my “case”,
before turning to the data collection methods and finally my positionality, ethical
considerations and limitations.

Critical Realism

The multi-dimensional and interdisciplinary nature of CCS deployment, which
spans technical, geological, chemical, social, economic and political spheres,
necessitates a philosophical framework that can accommodate this complexity.
Critical realism recognizes that, ontologically, there exists an objective reality
independent of humans (Benton & Craib, 2001) and epistemologically, sees facts as
embedded and context-dependent (Buch-Hansen & Nesterova, 2021). This
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embeddedness is analysed through a stratified view of reality, often described as
three overlapping domains (Bhaskar, 1978). These are 1) the “real”: the domain of
underlying structures, mechanisms and potentials - it includes everything and
whatever exists, whether it is natural, social, empirical or not, including worldviews;
2) the “actual”: the domain where these mechanisms are activated, generating events
that occur whether observed or not, including systems and structures; and 3) the
“empirical”: the subset of the actual that we directly observe and/or experience.

The development of CCS technology and the concomitant imaginaries can be
mapped onto these domains. In the real one, the potential for CCS is found: the laws
of thermodynamics, the geological structures, the IPCC pathways and government
plans — and of particular relevance to my research, the imaginaries, values and
justice perceptions that create the CCS context. In the actual domain, these
potentials are activated: pilot projects are built, policy frameworks are discussed and
designed, political and economic structures have influence. Finally, in the empirical
domain, observations and experiences about this can be made, e.g. through industry
actors’ deployment of CO; capture technology and dealings with CCS policy.

The critical realist ontology brings into focus the interconnection between nature
and humans (Benton & Craib, 2001; Buch-Hansen & Nesterova, 2021; Spash, 2012,
2020). This understanding entails an embeddedness that recognizes the laws of
physics, viewing the economy as embedded within society, which itself is embedded
within the biophysical environment (Benton & Craib, 2001; Spash, 2012). This
understanding of knowledge provides the room for me to draw from many diverse
fields in my research, which crosses natural and social science as well as economics,
into a coherent, yet context-dependent, “whole” to understand justice implications
along the value chain of CCS technology deployment.

A core task of this research is to use empirical data, including policy documents,
expert accounts or other, to uncover the structures and mechanisms that determine
the trajectory of CCS. Epistemologically, critical realism is committed to science
oriented towards the common good and emancipatory social change (Benton and
Craib, 2001). It is “a core task of the social sciences to deliver social critique while
envisioning a better world” (Buch-Hansen and Nesterova, 2021, p2). This involves
uncovering the causal mechanisms that explain why things are the way they are,
with the goal of informing praxis to improve them (Spash, 2012). Because
knowledge is understood as context-dependent, abductive inquiry is a central
methodological approach here (Vincent & O’Mahoney, 2018). Abduction involves
iteratively moving between empirical observation, theory and literature to build
plausible explanations for observed phenomena. Throughout my research papers
and this Kappa, I have engaged in this iterative process to develop and refine my
understanding of the mechanisms that shape CCS deployment.
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Research Evolvement

I have not adhered to a rigid, pre-defined plan in my thesis. Instead, my research has
evolved through a focus on diagnosing the problem, mirroring the critical realist
task of moving from the empirical to the actual and ultimately to the real. This
flexibility was necessary to properly diagnose the complex and often polarized
problem space of CCS and to allow my research to be responsive to the emerging
findings. The evolution of my research approach shows how each paper’s findings
generated new questions that compelled me to re-engage with theory and seek new
empirical data, to progressively refine my understanding of the underlying
structures shaping CCS deployment from national to supra-national imaginaries of
the political economy of decarbonisation.

It started with a systematic literature review for paper 1. This review identified the
dominant socio-technical imaginaries of CCS in Scandinavia since the Paris
Agreement and provided the foundational understanding of the imaginaries driving
the technology development that grounds my research. A key finding was the
prominence of Norway, not just as a technical first-mover but concomitantly as the
discursive/political and policy driver of the technology. Furthermore, considering
the fossil fuel context of the technology’s history and Norway’s role as a fossil fuel
benefactor, this made Norway an interesting exploratory case to understand the
foundational imaginaries at play.

Drilling deeper, Paper 2 took on an explanatory approach by analysing Norwegian
policy to understand how these imaginaries translate into governance. A key
discovery was Norway’s explicit framing of CCS as a technology for international
transfer, not just or even primarily for domestic decarbonisation, in “Klimaloven”,
the Norwegian Climate Law (2021). This made me question the case of my research,
as initially I thought the core focus would be on Norway - as I introduced in the
background section, Norway has long been the “model” other countries look to for
CCS development and an influential actor both for technological development as
well as politically and in the policy sphere. But seeing the focus grounded in
technological transfer creates a context where Norway is seen as the example for
other petrostates while their CCS strategy essentially exports both the technology
and its associated justice dilemmas to some extent. This led to Paper 2 becoming a
two-case comparative study: comparing Brazilian and Norwegian policy documents
and legislation on CCS in the context of the countries’ climate and energy plans and
how this relates to the equity principles guiding the UNFCCC. Note that in this
kappa, I only draw on the findings from the Norwegian case.

As I am interested in contributing towards just outcomes, learning that Norway
might not be the primary user of the technology inspired me to look at who then this
could be, which shifted my focus from Norway as a self-contained case to Norway
as more of a linchpin in a wider European system. Here, the European Union became
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an important focus due to e.g. how EU countries are the ones who have signed
memorandums of understandings for the Norwegian CO; storage space and in turn
became the main actor to deploy the technology. Importantly, Norway
concomitantly develops capture projects in the Longship project, but the point is
that the policy innovation and integration has moved to the EU level - and so my
focus moved with it, since I am interested in understanding parameters for just
deployment. Thus, Paper 3 aimed to understand two different things: first, does the
EU policy framework understand and manage the risks associated with CCS
deployment? And secondly, what exactly are these risks? For this paper I decided
to do a cross-disciplinary systematic literature review to understand the
environmental and social impacts across the entire CCS chain, to then be able to
better understand whether the technology can contribute towards just outcomes in
the current way it is being imagined and implemented in the EU’s policy framework
for CCS.

Lastly, Paper 4 then aimed to identify the constraints placed on the current
imaginary of CCS deployment and look for ways that just outcomes can be reached
by learning from CCS policy experts, policy makers, policy advisors and industry
actors. Here, I wanted to understand the bottlenecks to deployment as experienced
by the actors tasked with CCS deployment and draw out implied solutions to these
bottlenecks from the answers they provide. I attended industry and policy-oriented
workshops, seminars and conferences, and sought out the more “critical” voices in
Brussels as interview participants to fill in the gaps. With this paper I aimed to delve
deeper into the mechanisms at play in the real domain.

Consequently, the relevance and applicability of the findings generated in this thesis
are contextual. Papers 1 and 2 are analyses of and for the Norwegian context,
examining its domestic imaginaries, policy frameworks and its envisioned role as a
technology exporter. The findings and justice implications discussed in these papers
are primarily relevant for understanding and critiquing the trajectory of CCS in
Norway and similar fossil-fuel based economies. In contrast, Papers 3 and 4 shift
the analytical lens to the EU level. Their findings speak to supra-national policy
architecture, governance challenges and strategic imaginaries shaping CCS
deployment across EU member states. This is an important delineation since while
Norway acts as a pioneering node within the broader European system, the political,
regulatory and justice frameworks analysed in the latter half of the thesis are specific
to the EU’s unique multi-level governance structure but still relevant in other
market-based climate policy jurisdictions.
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Data Collection

Grounded in a critical realist philosophy and an abductive approach, the data
collection for this thesis has been an iterative process of engaging with empirical
data to uncover the underlying structures and mechanisms shaping CCS
deployment. This abductive process involved gathering data from multiple sources
to develop a nuanced understanding of the problem of CCS deployment. Each paper
draws on distinct methods and data, with an overview provided in Table 3 for the
approach taken per paper. A more detailed methodology can be found in each paper.

Paper 1

I started with a systematic literature review for Paper 1. This study covered 58 peer-
reviewed research articles. Here, the aim was to map the empirical domain of
expressed beliefs and assumptions, i.e. imaginaries, through a systematic literature
search in Web of Science.

Paper 2

Paper 2 is a two-case comparative study, comparing Brazilian and Norwegian policy
documents and legislation on CCS in the context of the countries’ climate and
energy plans. For Norway, I analysed 24 policy documents, legislations and
regulations, several which were more than 200 pages long, to cover the full
Norwegian policy landscape on CCS in the context of climate change mitigation,
energy and industrial decarbonisation.

Paper 3

Paper 3 is a mixed-methods study, combining a cross-disciplinary systematic
literature review on environmental and social impacts from CCS deployment with
a comprehensive policy analysis, analysing the whole EU CCS framework. A
deductive thematic analysis was used here, drawing out the main themes or
categories of potential impacts from the data. This included 54 peer-reviewed
research articles, as well as the most up-to-date IEAGHG R&D program reports to
present the industry best standard of knowledge, and the five policy documents and
legislations that currently make up the EU CCS policy framework (These are the
CCS Directive, the TEN-E Regulation, the Industrial Carbon Management Strategy,
the Net Zero Industrial Deal Act and the Clean Industrial Deal) against the backdrop
of the European Green Deal.
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Paper 4

Paper 4 entailed 13 semi-structured expert interviews (the interview guide can be
found in Appendix I) and participant observations at 18 industry-related workshops
and conferences, both in-person and online. The workshops and conferences ranged
in length from one hour to two days and formed the majority of the data, where the
interviews were mainly used to ask clarifying or deeper questions, sometimes with
individuals who had presented or been a panellist at the conferences or workshops.

This multi-method approach ensures that my research does not rely on one single
“slice” of data, but rather combines the analysis of texts, expert interviews and
observation. By relying on different data for each paper I have attempted to provide
a triangulation of findings to establish credibility and reduce potential biases that
could come forth if I relied on fewer data sources (Bowen, 2009; Gorup, 2019).
Furthermore, three out of four papers rely on document analysis, where I, the
researcher, have no manner of influence on the raw data; these documents were
readily available, and anyone could have read them. Only in the final paper did my
presence in the field, through attending the workshops/conferences and conducting
interviews, start to potentially impact the behaviours of the participants. By
triangulating these findings and data sources I have aimed to develop a more
complete picture to counter threats to trustworthiness based on researcher or
respondent bias (Bowen, 2009; Gorup, 2019).

Table 3: Overview of data and method per paper, noting the primary jurisdictional focus of analysis (NO
for Norway, EU for European Union).

Paper Data Method
Burying Problems? A Peer-reviewed, academic Systematic literature review
systematic literature review of literature (n=58)

carbon capture and storage
imaginaries in Scandinavia

From the Rainforest to the Policy documents, legislations Comparative two-country case
Fjords: Examining equity in and regulations (n=24/Norway,  study
carbon capture and storage n=22/Brazil). NO
policy
Between Speed and Peer-reviewed, academic Systematic literature review
Safeguards: Evaluating equity literature (n=54) Thematic document analysis
in the EU’s Carbon Capture Policy documents (n=5). EU
and Storage Policy Landscape
Beyond Market Fixing: The Expert interviews (n=13) Thematic Analysis
role of the state in efficient and  Participant observation at
effective CCS Deployment industry and policy events
(n=18). EU
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Thematic Analysis

A common methodology across my articles has been thematic analysis. Ahmed et
al. explain the main goal of thematic analysis as one that identifies and interprets
patterns and themes in data (2025), making it a theoretically flexible method that
focuses on meaning, context and interpretation drawn from data (Byrne, 2022;
Nowell et al., 2017). Within a critical realist framework, thematic analysis serves as
a tool for abductive inquiry as the flexibility in the method enables the back-and-
forth inference required. The knowledge produced from thematic analysis is not a
positivist discovery of neutral facts waiting in the data, but a context-dependent,
interpretive explanation of the social phenomena observed (T. Clark et al., 2021).
The ‘themes’ are my own conceptualization of the salient patterns and mechanisms
(in the critical realist sense) that explain the data. Replicability is not the goal here,
since the focus lies on credibility and explanatory power: my aim is to understand
better the current processes that determine just application of CCS technology, and
to do that I need to understand the contents of the policy documents that are
implementing the technology. My justice-centric focus acted as a guide in this
process, where it oriented my attention towards patterns related to equity and justice.
These patterns would naturally be less visible, if at all, to a researcher with another
guide, for instance technical feasibility. The resulting findings are thus a
theoretically informed interpretation that seeks to explain how and why certain
narratives, omissions or contradictions exist in the CCS policy landscape, moving
from the empirical in the documents and participant observations towards the actual
and real in the underlying structures, i.e. imaginaries and political structures.

But what is a theme? Braun and Clarke put forth that a theme is a category of interest
identified by the individual(s) doing the analysis. The theme relates to the research
focus, builds on codes identified in transcripts and/or field notes, and essentially
provides the researcher the basis for a theoretical understanding of their data (Braun
& Clarke, 2006; Byrne, 2022). Themes are identified in the data by looking for
repetitions, through typologies relevant to e.g. that particular field (which is how I
learned that “leakage” from a geologists’ perspective means that the CO; travelled
outside the identified storage space — not that it leaked out and up into the
atmosphere, as is commonly interpreted outside that field), metaphors and analogies
(here a very good example is the “chicken-and-egg problem” which has come to
gain a common understanding among most CCS actors), similarities and differences
(Ryan & Bernard, 2003). “Repetition” is probably one of the most common ways,
both within and across data sources, for identifying themes (T. Clark et al., 2021),
but Bazeley (2013) argues that just because a code is repeated so many times that it
becomes a theme is not enough. The themes that are identified need to also be
relevant to the research being conducted, and it is up to the researcher to explain
how and why the themes are significant, whether they relate to other literature and
what their implications are (Bazeley, 2013).
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Hence, I followed the below approach to thematic analysis, based mainly on Braun
and Clarke (2006) and Byrne et al. (2022). The steps were not strictly followed in a
linear sequence as an iterative process proved to be more helpful to ensure that
important insights were not missed or drowned in overwhelm. Importantly, this also
includes the writing step, which I attempted to do throughout. In any case, the steps
to thematic analysis are as follows:

1. Familiarization with the Data: I started by reading parts of the material to
become familiar with the content. This initial review helped identify
preliminary ideas, patterns and meanings, and allowed for the recognition
of any potential biases and assumptions within the data.

2. Generating initial codes: I then coded all the material to develop an
understanding of the data. While systematic identification of codes was
important, care was taken to avoid overcoding and inconsistency. For co-
authored papers, codes were checked and discussed collaboratively to
ensure consistency (Papers 1 and 2).

3. Searching for themes: Codes were elaborated into themes by looking for
common elements and broader patterns to move beyond mere coding. It was
important for me to reflect on how the theoretical framework influenced
theme identification. For example, in Paper 4, some recurring themes were
later dropped as they were not relevant to the specific research question
(Bazeley, 2013).

4. Reviewing themes: Themes were reviewed to ensure each was coherent and
consistent across the dataset (Ahmed et al., 2025). This involved revisiting
the coded data and reflecting on the thematic structure to balance detail with
over-refinement. Higher-order themes were evaluated and named, and sub-
themes were identified where necessary, especially for instance for in Paper
2 where the higher-order themes were predetermined.

5. Defining and naming themes: Each theme was clearly defined and named.
Possible links and connections between the themes were examined to
finalize the thematic structure.

6. Producing the paper: The insights were written up, weaving the analytical
process and findings into a coherent narrative.

All papers followed these steps to some extent, but differed most significantly in
whether the themes were pre-determined or emergent. For paper 2, for example, the
goal was to compare CCS policy to the equity principles in the UNFCCC.
Consequently, those equity principles served as the pre-determined higher-order
themes under which the data was coded. The analysis involved applying codes to
these themes, identifying sub-themes and comparing similarities and differences
across the two cases.
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For Paper 3s and 4, however, the themes emerged from the data, guided by the
justice-centric focus. In Paper 3, the research question concerned understanding
negative impacts across the CCS technology chain. The communicated concerns
from the literature for each technological step were coded; these codes were then
grouped to form sub-themes. These sub-themes were subsequently organised into
higher-order themes, namely health, storage and socio-economic equity, based on
where the concerns were most relevant. The second methodological step was a
policy analysis to examine whether these identified concerns were reflected in EU
policy documents.

Lastly, for Paper 4, data from interviews and participant observation were treated
equally, coded without assigning greater weight to one source over another, and
used to develop emergent themes. In reporting the findings, however, the data
sources were presented separately to highlight differences. This approach was taken
largely to contrast the more critical perspectives of interview participants compared
to those of the industry and policy actors that were observed. Here, too, the themes
emerged from the data, focused on bottlenecks and opportunities to CCS
deployment.

Positionality

My research is guided by a personal position that aligns with the action-oriented
drive of sustainability studies, namely the goal of contributing to a “normative
ethically justified utopia” (Spangenberg, 2011, p.275). Here, the “normative”
prescribes how society ought to be; the ethical justification refers to how the
proposed society is grounded in a specific theory of justice; and the utopia involves
conceiving what this “good life” is. I have chosen this approach and this field of
studies because it aligns with my own drive to contribute to just climate change
mitigation because I believe this is the right thing to do.

It was important to me to integrate a justice lens in my research. Having a
background in International Business Management [ know how easy it is to simplify
(complex) decisions to a number at the bottom of an Excel-document. I wanted to
counter this by asserting that mitigating climate change is more than an economic
problem; to be truly sustainable, climate action must also maintain critical social
and environmental features (Gowdy, 2000, p. 28). Sometimes, that means that
monetary returns may need to come secondary to social and environmental ones, to
secure societal well-being and reduce inequality (Dietz and O Neill, 2013). My goal
is to unveil exploitative and unfair outcomes in a solutions-seeking manner. [ have
adopted a theoretical stance that enables me to act as a “critical friend” to CCS
deployment, which is neither an uncritical advocate nor a blanket opponent, to
promote constructive engagement across disciplines. This was motivated during a
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formative experience early in my research: At an “interdisciplinary” workshop on
Iceland, where I was the only social scientist, a geologist asked me whether I was
“for or against CCS”. This question expressed a common assumption of dualism,
and to some extent polarization, between the natural scientists who tend to lean “for”
versus the social scientists who tend to lean “against”. My answer - “it depends”,
has defined my approach. But this position also requires constant reflexivity; the
balancing of an “insider’s understanding” versus the outsider’s critical distance and
being careful that my analysis would not unconsciously adopt the dominant
framings of the field. The justice and sustainability of CCS depend on the how, but
to understand the how, interdisciplinary collaboration is important.

My Norwegian citizenship, language skills and cultural understanding perhaps
enabled a more nuanced interpretation of the political debates and tacit assumptions
within Norwegian CCS discourse, beyond the practicalities of being able to read
policy documents and legal bills in Norwegian. I have also personally benefitted
from, but also paid the price for a close connection with the fossil fuel industry, in
that my late father worked in offshore oil both in Norway and abroad. This probably
makes me more sympathetic to fossil fuel workers’ fate, and resistant to pulling
them all under one comb to complain about “the” fossil fuel industry’s opposition
to climate change mitigation, since I know that there are individuals there, too, that
are positive to climate action, as is naturally also shown in literature (Halttunen et
al., 2022). Lastly, I think it is important to state that I do wish CCS technology was
not necessary at all — in the sense that I wish we were way ahead on our global
course of climate action than where we are. I am wary of advocating for a
technology that, if safeguards and limitations to its use are not implemented, could
be used to expand the life of the fossil fuel industry, which needs to be transitioned
away from as soon as possible as a key step to stop worsening the climate crisis
(Narita, 2012; Ripple et al., 2024). I want it to be clear that my support of CCS
technology hinges unquestionably on the nuance of how it is used. This multi-
faceted positionality requires an ontological and epistemological framework that
can handle nuance, complexity and context-dependent knowledge, which I have
explained in this chapter on research design.

Ethical considerations

I declare no conflict of interest. I followed the good research practice guidelines of
the Swedish Research Council (2024), which means that the research design was
developed to ensure methodological rigour and ethical integrity. Paper 4 was subject
to ethical review due to the possibility for revealing sensitive personal information
in the interviews in relation to political opinions (as climate change could be argued
to be considered a political issue), and the research plan developed to ensure ethical
conduct was followed. This included a data management plan and ensuring prior
informed consent to both conduct the respective interviews as well as to record
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them. All research data are stored in compliance with data protection regulations.
The analysis and reporting of findings have been conducted with a commitment to
honesty, transparency and accountability. Lastly, I have done my best to ensure
proper citation of all sources and be clear about the research’s boundaries and
limitations.

Tools and Technologies

Iacknowledge the use of Al large language models, specifically OpenAl’s ChatGPT
and DeepSeck’s DeepSeek Chat, for proof reading and copy-editing parts of this
thesis. I wrote my own text and used Al to improve the clarity of my writing, i.e. to
edit and polish my language and as a conversational partner to brainstorm the logical
flow of my arguments (For example, I would paste an excerpt of text I wrote and
ask the Al what it understood the main argument of said text to be. This was done
to ensure I communicate clearly what [ wanted to communicate). It is important to
underline that all ideas, theoretical frameworks, analytical conclusions and final
interpretations are my own and all content used in this research were sourced and
verified by me. Every piece of text the Al edited was critically reviewed and
rewritten by me to ensure it reflected my intended meaning. In line with principles
of academic integrity, I consider the Al a tool that helped me as a language editor
and thinking aid, but the intellectual substance and accountability for this work are
my own.

Limitations

My research has taken a particular look at CCS deployment through social science
literature covering imaginaries, cosmopolitan climate justice and a critical approach
to decarbonisation based on neoliberal market mechanisms, and is, as a natural
result, limited to this perspective. A key limitation of this research concerns the
scope of its empirical engagement with justice. While the thesis has rigorously
analysed policy frameworks, expert interviews, industry perspectives and
imaginaries, I have not done direct ethnographic fieldwork or participatory methods
with communities that might in the future be directly affected by CCS infrastructure.
As a consequence of this, my findings speak of the principles of justice and equity
as they are encoded in governance systems rather than the lived experiences of
injustice or inequity at the local level. This means I can identify the risk of
distributive injustice near a capture plant or in the context of access to storage sites,
but I am not able to document the nuanced, on-the-ground perception of that risk.
Therefore, the “how” that is implicitly implied in my research question is addressed
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by critically analysing and proposing a reconfiguration of current governance
frameworks to pre-empt and mitigate these risks based on cosmopolitan justice
principles. This constitutes a critical and necessary step towards just outcomes, but
future research should include to centre community voices to test and refine the
principles proposed here.
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Synthesis of Findings

The preceding chapters have presented the context, theoretical framework and
research design of my thesis. In this chapter, I synthesize the findings from my
papers to build the argument that CCS deployment is faltering on both effectiveness
and justice grounds because it is trapped within a dominant techno-economic
imaginary. This imaginary frames CCS as an inevitable, cost-optimising market
solution despite lacking the required profit margin to make it appealing for private
industry, while it systematically depoliticises decision-making and sets up fossil fuel
incumbents as gatekeepers to CCS deployment.

I define this techno-economic imaginary by its collectively held vision that frames
complex socio-political challenges in CCS policy and implementation as primarily
technical and economic problems, presenting a specific and value-laden pathway as
an objective and inevitable necessity (Paper 1). It operates by depoliticising and
technifying decision-making, which shuts down debate about alternative futures that
do not involve CCS (Papers 1 and 2). Concomitantly, the imaginary reduces moral
questions of responsibility and equity to technical calculations of cost-efficiency.
Framing CCS as a cost-effective mitigation tool masks the distributive justice
question of who should pay for decarbonisation and who gets to use the
infrastructure, substituting the “polluter pays” principle with a “polluter who can
pay” approach, putting forth instead an inevitability of profit and cost-efficiency as
the dominant criteria. This imaginary in essence depoliticises normative choices to
make them seem like they are not choices at all, but rather rational, science-based
and market-driven inevitabilities, entirely in line with a utilitarian approach.

It is perhaps unsurprising that this governance model is faltering, since there are
several inconsistencies inherent to its imaginary. My work makes a contribution by
identifying three inherent tensions within this imaginary to explain its failing
trajectory. To present this argument, the structure of this chapter is aligned with the
progression of my research questions. Each core tension I analyse corresponds to a
step in building the overall argument, moving from diagnosing the problem to
proposing a path forward. The first section, Depoliticisation, establishes the
foundational problem identified. Here, I show how CCS is currently imagined and
governed, answering SQ1: “How is CCS currently imagined and governed, and
what are the justice implications of this dominant pathway?”, detailing how justice
and ethical considerations key to the Paris Agreement are marginalised in the
current, dominant CCS imaginary.
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The two following sections delve into the primary tensions that make the current
pathway unsustainable. The section The Gatekeeper Problem outlines the tension
created when entrusting the fossil fuel industry with building a transition
technology, followed by the section on Why CCS Markets Fail on Scale and Justice
which directly analyses the mismatch between the dominating neoliberal market
logic and the public-good characteristics of CCS. Together, these sections answer
the 2" research question, why primary tensions between the current deployment and
the achievement of climate justice goals are so persistent, and explain why the
current deployment approach is faltering. Finally, the following chapter culminates
in a synthesis of governance principles and state roles to answer my final question:
“How can CCS deployment feasibly be aligned with climate justice objectives?”,
proposing a first suggestion for how to overcome the identified challenges.

Depoliticisation

“Cut emissions, not development”
Norwegian Climate Plan, 2022

The dominant vision of CCS is captured in statements framing it as an inevitable
necessity, something we show in Paper 1. But this imaginary has hidden the politics
of CCS deployment behind a techno-economic veil, which has turned ethical and
political questions into technical and economic ones instead.

Mechanisms of Depoliticisation

My analysis across Papers 1 and 2 maps the mechanisms of depoliticisation,
showing how scientific authority and economic framing work in tandem to obscure
political choice. Depoliticisation, as defined by Flinders and Buller, refers to a
governing strategy where political actors move decision-making away from the
direct, visible sphere of elected politics and traditional accountability mechanisms
(2006). It is not about the removal of politics, but about the concealment or
displacement of decision-making. This is done by framing choices as technical,
neutral or inevitable, often by moving them to the private sphere through
marketisation (Flinders & Buller, 2006), as CCS exemplifies.

The depoliticisation of CCS deployment is operationalised through several key
mechanisms, but first and foremost through “scientific authority”, as demonstrated
in Paper 1. Here, we found that the dominant imaginary relies on appeals to
scientific bodies and authorities like the IPCC, the scientific body advising the
UNFCCC, and the International Energy Agency to frame CCS as an indisputable
and necessary climate solution. This appeal is used by governments in e.g. national
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climate plans as well as by industry actors and in public-private partnership
communications (see e.g. (Klima- og Miljedepartement, 2021; Nordic Energy
Research, 2021; OED, 2020). Paper 1 focused on the scientific literature through a
systematic literature review. The technocratic language found in this context
depoliticises the choice to pursue CCS by presenting it not as the value-laden
political decision it is, but rather as a rational and science-based inevitability. This
rational and science-based inevitability concomitantly sidelines debates about
alternative futures.

Notably, this appeal to scientific authority for CCS is sometimes taken out of
context. The IPCC WGIII’s 6th assessment report found that deployment of
bioenergy with carbon capture and storage (BECCS) and carbon dioxide removal
(CDR) technologies “to counterbalance hard-to-abate residual emissions is
unavoidable if net zero CO, or GHG emissions are to be achieved” (IPCC, 2022),
which refers to removals, not necessarily CCS for emissions reductions. This
narrative of necessity originates from the cost-optimization based modelling of
Integrated Assessment Models (IAMs), which are structured to identify the least-
cost pathways to climate targets (Forster et al., 2020; Rubiano Rivadeneira &
Carton, 2022). This process is an example of rule-based depoliticisation, where
complex political and ethical choices about the future are reduced to a technically-
driven economic rule, i.e. cost-optimisation (Flinders & Buller, 2006). The
prominence of CCS and BECCS increased when findings suggested their inclusion
could reduce the total cost of meeting the Paris Agreements 2°C goal by approx.
$22 trillion USD through 2100 (Davidson et al., 2017). Consequently, the cost-
efficiency lens of IAMs has shaped the broader policy discourse and framed CCS
as a cost-optimising necessity (Paper 1, van Beek et al., 2022; Forester et al., 2020).

The explicit aim of the dominant imaginary of CCS, identified in Paper 1, is
achieving “massive emission cuts without transitioning the economy” (Rettereng,
2018), i.e. the imaginary we call “Greening the Industrial Regime”. This framing
depoliticises the roll-out of CCS by presenting the preservation of incumbent
industrial and fossil interests as a neutral, common-sense goal, rather than a political
choice that prioritises certain actors and sidelines alternative or more systemic
change. This directly aligns with what Felli (2015) identifies as the core function of
neoliberal depoliticisation, which is to ensure that environmental management does
not raise political questions about what is produced, by whom and for whom, to
protect existing structures of investment and production. If CCS is then not
deployed, it functions as a powerful form of mitigation deterrence which is
discursively delaying more radical action by creating an imaginary of systemic
change as unnecessary.

In Paper 2,  moved on to analyse Norwegian policy documents to understand better
how CCS is currently governed. Interestingly, Norway indirectly frames CCS as a
tool that can “monetize climate action” and ensure “cost-efficient mitigation”. This
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economic framing reduces the moral question of responsibility for emissions into a
technical question of what the cheapest solution is. This utilitarian cost-benefit logic
is operationalised in policy and justified under a sustainable development framing,
exemplified by Norway’s motto for the Longship CCS project that reads “cut
emissions, not development”, elegantly framing the concept of “sustainable
development”, one of the four climate justice principles applied in the UNFCCC, as
a predominantly economic endeavour. This effectively sidelines the other climate
justice principles and is consistent with broader literature criticising the inherent
ambiguity of sustainable development, a concept that is malleable enough to support
both weak and strong sustainability frameworks (Gowdy, 2000; Okereke, 2008;
Spash, 2021). Considering that CCS embodies principles like green growth and the
literal technological substitution of natural carbon cycles, it logically becomes a
candidate for the weak sustainability interpretation.

These trends observed in Norwegian policy could to some extent be followed into
EU policy. While the EU has established a comprehensive CCS governance
framework and placed this within its broader climate and industrial policy, this
framework itself enacts a form of depoliticisation. It does this by
compartmentalising and fragmenting the questions of “why” and “how” of CCS
deployment by breaking it down into isolated, manageable technical problems that
obscure the cumulative impacts and risks of this deployment. On the one hand, this
fragmentation creates an illusion of less complexity and makes CCS deployment
appear more manageable, which might make deployment more attractive, but on the
other hand it concomitantly obscures the cumulative socio-ecological impacts
explored in Paper 3. This can be seen as a form of institutional depoliticisation,
where the disaggregation of a complex political issue into isolated technical sub-
problems is managed by delegated governance structures, moving the overall
coordination and systemic knowledge away from democratic oversight (Flinders &
Buller, 2006; Flinders & Wood, 2015). I argue that this depoliticising fragmentation,
combined with the omnibus of speedy/deregulation for EU projects of common
interest (among which are several CCS projects), creates a blind spot in that both
the ultimate control regarding course of action and the CCS-system knowledge
reside with the companies themselves. There is no political or public managerial
entity overseeing the complex technological chain. But a key positive development
came at the end of 2025 (post publication of Paper 3) with the renewal of the EU
Innovation Fund by implementing the “Do No Significant Harm”-principle, which
essentially is a stronger reference to environmental impacts which I highlighted in
Paper 3 as missing from EU CCS policy infrastructure. If anything, this shows the
timeliness of this research in the current context of policy development, and that
there is still room to change the course of CCS rollout in the EU.
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Justice Implications

A inconsistency lies at the heart of this depoliticising project: While the
implementation of CCS policy is guided by a techno-economic paradigm, its
justification often relies on the authority of the UNFCCC and the Paris Agreement,
as seen above in relation to the “Scientific authority”-imaginary. The key here is
that these regimes apply cosmopolitan climate justice principles (Lefstad & Paavola,
2023). Even though elements of cost-efficiency are present in the principles that
guide action, e.g. in the UNFCCC’s founding text (1992), the point is that action is
not meant to be guided by cost efficiency only. The “techno-economic” imaginary
depoliticises and reframes ethical questions as technical and inevitable questions of
market efficiency and economic prioritisation, while it concomitantly relies on and
obscures the justice concerns central to its claims of legitimacy.

The consequences of this depoliticisation are significant for the pursuit of just
climate outcomes. Depoliticisation logic is acutely evident in climate policy, where
market instruments are designed to implement the authority of market logic over
democratically elected political decision-making (Felli, 2015). This can lead to a
situation where “the social deliberation surrounding a political issue gradually
erodes to the extent that it effectively becomes depoliticised in the sense that the
existence of choices concerning that issue are no longer debated” (Harder, 1996, p.
42), a tendency we find in Paper 1. Perhaps the most concerning aspect of
depoliticisation in this context is that by framing CCS as this comprehensive
technical solution, the techno-economic imaginary actively limits the future by
framing out alternative pathways (Paper 1).

The need for societal discussions about reducing consumption, planning within a
carbon budget or transitioning away from certain industrial activities that might not
be needed anymore (Brad et al., 2025), is marginalised since the climate crisis has
been successfully framed as a simple problem of a CO, imbalance - with CCS
technology as the suitable partial solution. By channelling debate through the
technical frameworks of IAMs and the rhetorical frame of cost-efficiency, the
political system is structured to prevent the question of alternative socio-ecological
futures from gaining access to the decision-making arena (Felli, 2015; Prainsack,
2022). The injustice is not just a lack of discussion but a systematically engineered
foreclosure of democratic debate. While the lack of debate to e.g. discuss avoid
options in the broader emissions reductions discussion is pressing (Brad et al.,
2025), at least in the EU, the EU Innovation Fund is only applicable to energy-
intensive industries, renewable energy generation, energy storage, CCUS and Net-
Zero mobility, buildings and technology manufacturing — voiding fossil power
generation (EuroAccess, 2024). This means that the EU is hereby showing policy
awareness of at least some justice risks inherent in the techno-economic imaginary
linked to carbon lock-in and mitigation deterrence. This limiting of CCS funding
applicability is more aligned with the principle of equitable need and climate value
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as communicated by the CCS Ladder (E3G & Bellona, 2023) than it would be if
funding was also open to fossil fuel applications.

More broadly, at the core of the depoliticisation of CCS is a philosophical crash
between paradigms. The current CCS approach is underpinned by a combination of
libertarian and utilitarian justice principles. Libertarianism is focused on market-
based processes, which are seen as inherently fair because they rest on the protection
of property rights and the principle that individual effort and innovation should be
rewarded. The moral appeal lies in the idea that in a well-functioning market, hard
work leads to measurable reward and voluntary exchange benefits all parties, so its
focus is on the justice of the process itself and not on redesigning specific outcomes
(Boettke et al., 2017). Utilitarianism, on the other hand, does focus on outcomes: by
calculating the right thing to do based on whatever will produce the best outcome
overall (Sandel, 2008), which in the case of climate policy has become imagined to
mean whatever outcome will be most cost-efficient based on [AM cost-optimisation
(van Beek et al., 2022; Rubiano Rivadeneira & Carton, 2023). These two together
then create a market-based cost-efficiency paradigm which is structurally
incompatible with the cosmopolitan principles of climate justice that focus on
outcomes as global equity, universal human rights and shared responsibility. This
can be viewed as an outcome of strategic depoliticisation, in that the tools (IAMs
and cost-optimisation) are designed to substitute political and ethical judgment in
preference to technical and economic calculations (Flinders and Buller, 2006). This
process renders cosmopolitan principles of equity, historical responsibility and need
“non-decidable”, i.e. that they are not included in the formal process of decision-
making within the governing framework (Felli, 2015). This creates an internal
inconsistency at the core of CCS’ rollout due to the techno-economic imaginary’s
appeal to the scientific authority of the IPCC and to meeting the Paris Agreement,
the latter which embeds exactly these cosmopolitan climate justice principles, but
these climate justice principles do not fit within the utilitarian and libertarian
paradigm under which CCS is currently imagined and governed because the cost-
efficiency paradigm trumps other equity concerns. I find that the current market-
centric framework depoliticises the rollout of CCS by design, with a few exceptions
like the EU’s exclusion of fossil power plants from CCS innovation funding,
creating a system that provides little conceptual or procedural space for climate
justice principles to be enacted. Even though fossil power plants are excluded from
EU Innovation Funding, the next section outlines how the fossil fuel industry
nevertheless have a central role in CCS deployment.
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The Gatekeeper Problem

The development of CCS is structurally dependent on the fossil fuel industry, a
dependency that is also wired into its governance. A key finding in my research is
how the techno-economic imaginary structurally embeds a “gatekeeper” problem,
where the fossil fuel industry, the industry with the greatest historical responsibility
for the climate crisis, is positioned to control the infrastructure of one of its proposed
solutions.

Mechanisms of Gatekeeping

This structural incumbency is a feature of the current governance model that is
achieved through legislative alignment and control of existing infrastructure, with
the foundational policies for CCS explicitly modelled on fossil fuel-extraction
governance frameworks in both the EU and Norway. As Paper 2 highlights,
Norway’s CCS legislation is “deeply inspired by the Petroleum Act” (p.7), and the
fossil industry’s know-how is consistently framed as a “clear advantage” and a
“natural candidate to lead” (p.9). Other examples include how storage sites are
licensed with the same systems as have been used for decades for licensing of oil
and gas fields — meaning if you are an oil and/or gas extractor, you have a
competitive advantage over those without this experience to navigate the complex
bureaucracy to obtaining exploration and exploitation-rights to CO; storage fields.

The legislative incumbency goes further, as the projects in Norway as well as the
EU’s emerging storage hubs are all led by major fossil fuel companies (Papers 2 and
3). This grants these actors a more de-facto “gatekeeper” role over the transport and
storage of CO», which are segments in the CCS value chain with natural monopoly
characteristics. A well-established oil and gas industry is put forth as a “pre-
requisite” for storage development, which would ideally take advantage of existing
infrastructure, geological know-how (Lane et al., 2021), and policy and legislative
expertise (Paper 2). This deep dependency creates a critical vulnerability in that the
way CCS deployment is contingent on continued interest and investment from the
fossil fuel industry. Should this interest wane, e.g. due to shifting corporate
priorities, low profitability or any other reason, the planned deployment may
collapse as no other actors possess the concentrated capital, subsurface expertise
and regulatory familiarity to serve as immediate substitutes. But this governance
model also has several other potential flaws.

While policies like the storage obligation in the EU’s Net Zero Industry Act
represents a tentative step towards enforcing the polluter pays principle, a loophole
remains. There are no mechanisms yet present to prevent the fossil fuel company
that is developing a specific storage site from using all the storage capacity they
develop for their own emissions, i.e. there are no mechanisms in place that regulate
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how the storage site can be used. One might argue that emissions would still be
reduced and the same amount of CO, would still be stored, but this brings us back
to the question of the climate value of the CCS technology deployed to each
particular industrial process (E3G and Bellona, 2023): The climate value of CCS is
not the same for every installation or industry. CCS applied to e.g. reducing
emissions from fossil energy has much lower climate value and increases the energy
penalty of the capture process significantly more than if CCS is applied to cement,
where a higher percentage of the flue-gas is CO,. Cement is considered a hard-to-
abate industry with higher climate value of CCS application (Paper 3).
Consequently, if the fossil fuel industry uses scarce CO; storage capacity mainly for
its own emissions, it will be harder to decarbonise hard-to-abate industries as they
will have less storage available to them. Critical access questions also extend to
applications of CCS-based CDR activities, which may be important in the latter half
of this century (IPCC, 2022).

The combination of this gatekeeper role and the natural monopoly characteristics of
CO, storage creates a risk of unfair price-setting and restricted access. There are
currently no mechanisms to cap the cost of utilizing CO; storage, but the current
structure invites concern about the fossil fuel industry controlling the infrastructure
as it will have both the incentive and the market power to set prices that maximize
their own returns within the limits of what the market is willing to pay. Without
regulatory safeguards, such as transparent cost-reporting or price controls as
advocated for by some policymakers and industry actors (Paper 4), storage costs
could be prohibitively high. This would effectively price out less profitable but
perhaps more important hard-to-abate industries and turn the storage network into a
bottleneck for private profit rather than a public good for climate change mitigation
efforts.

The incumbent interest is to maintain high returns from core business activities
(Newell, 2021), yet CCS, at best, represents an avoided cost with no significant
profit margin (Paper 4) unless you are the monopoly owner of a storage site. This
raises a question of whether the current governance framework for CCS is a self-
defeating prophecy? A singular focus on cost is misaligned with CCS deployment
and represents the need to discuss and plan decarbonization according to lowest
external cumulative impacts and highest climate value.

Justice Implications

There are significant justice implications to the gatekeeper problem. First of all, the
current deployment structure creates a moral dilemma where the primary
contributors to the climate crisis are positioned to potentially profit from its solution,
if it is successfully implemented. This creates a double-dividend: first from the sale
of fossil fuels and then from the public funding and infrastructure control associated
with CCS (Lenzi, 2021; Mintz-Woo & Lane, 2021). In essence, even though CCS
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is currently not profitable (Papers 2-4), the governance model is set up in a way that
if it becomes profitable, this profit will go into the hands of the actors operating the
technology, the fossil fuel industry, as I explain in Paper 3. This directly subverts
the “polluter pays” principle and instead creates a system where the historical and
continued polluters can become paid solution-providers.

This inversion of responsibility is embedded in the political project for CCS through
the creation of a market for the technology. As shown in Papers 1 and 2 and evident
in both Norwegian and EU policy frameworks, governments are pursuing CCS with
the dual recognition that it requires substantial public funding to initiate but is then
intended to become a competitive and self-sustaining market that can drive future
deployment without state support. However, this market-creation model with its
focus on competition risks undermining the system it seeks to build. Funding
mechanisms like the EU’s Innovation Fund, which is awarded based on
effectiveness of greenhouse gas emissions avoidance, degree of innovation, project
maturity, replicability and cost efficiency (EuroAccess, 2024), are often granted to
the most resourceful actors (Paper 4). This not only risks “grandfathering”
incumbents (Kartha et al., 2018) into the new system but can also foster a
fragmented, project-by-project approach. For a technology that requires
synchronised capture, transport and storage, this is quite a flaw since if multiple
links in a single value chain must compete for the same funding independently, the
failure of just one (e.g. capture without transport) could collapse the whole chain.
Consequently, the strategic need for a synchronised system is at odds with a
competitive funding model that grants support to individual actors. Norway
countered this risk with the Longship pilot project by granting funding to the full-
chain project (Paper 2), and Denmark is an example of an EU country which is also
considering full-chain proposals as favourable when granting funding (Paper 4).
These approaches acknowledge that for CCS to succeed, coordination must
sometimes be prioritised over pure competition, but the current dominant model still
reinforces the gatekeeper position of incumbent, resource-rich actors.

The industry promotes a narrative that justifies their privileged position. The debate
I observed for Paper 4 showed how fossil fuel actors present themselves as mere
service providers. Following this logic, the actual pollution takes place closer to the
end-product and is thus the responsibility of the end-user, and would (at least
partially) obliviate the fossil fuel industry from the historical interpretation of the
polluter pays-principle as it would move to a “consumer pays” approach. This
“consumer pays” narrative challenges the view that CCS is prohibitively expensive.
An argument is emerging in literature that builds on the “consumer pays”, where
recent studies suggest that when the cost of CCS is distributed across the final
product, for example as part of the construction cost of a bridge where CCS was
used in cement production, the resulting price increase for the consumer is minimal
(Roussanaly et al., 2025; Subraveti et al., 2023). This narrative could help build
traction for CCS deployment if developers can operationalise the sharing of costs in

78



that way. At the same time, this reframing of costs opens a deeper debate about
responsibility and climate accountability: if the polluter should pay, who is the
polluter? Is it the producer, and if so, at which stage in the value chain, or is it the
final consumer (Kantikar et al., 2024)? This question of accountability is central to
climate justice questions, as the prevailing method of calculating emissions at the
national level is based on territorial production which might create a dual injustice
by unfairly assigning emission burdens to producer nations while enabling wealthy
consumer nations to externalise costs (Muttitt and Kartha, 2020), a point we
exemplify in Paper 2. The legal landscape is beginning to engage with this
complexity, as exemplified by the 2025 ruling by the EU Human Rights Court which
stated that Norway must assess the Scope 3 emissions (the emissions from the actual
burning of extracted oil and gas, not previously assessed as most is exported) in
environmental impact assessments and climate impact for new fossil fuel projects
(Cunningham, 2025). This formally links producer responsibility to downstream
emissions and could incentivise the cost-distribution calculations that make CCS
viable.

The gatekeeper-problem presents policymakers with an ethical and strategic
dilemma. It places control over a key climate solution in the hands of an industry
with a well-documented history of funding climate disinformation and opposing
climate action (Franta, 2022; Herranen, 2023; Kinol et al., 2025; Roberts et al.,
2025), creating the possibility for a conflict of interest. Yet, the current model’s deep
structural dependency suggests that without this industry’s involvement, large-scale
CCS deployment may not materialise at all.

Why CCS Markets Fail on Scale and Justice

“If it ain’t profitable, it ain’t doable”
Industry Conference Participant

In the third and final theme of findings, I present a critique of the prevailing market-
centric model of CCS deployment, where I argue that the failure to deploy CCS is
a logical and direct outcome of applying neoliberal governance to a technology with
the material characteristics of CCS. To understand this model’s logics and
shortcomings, I first shortly recall the neoliberal ideology that shapes contemporary
climate governance, introduced in the theoretical framework: Neoliberal ideology
asserts the superiority of market mechanisms and private enterprise in solving
problems, including public problems like climate change. In practice, it means
climate policy largely becomes a process of “marketisation”, where the state’s
primary role is to create and regulate markets, such as with carbon pricing through
the EU ETS, which incentivize private sector-led decarbonisation (Ciplet &
Roberts, 2017; Lohmann, 2012). Marketisation is, as we saw above, a central
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strategy in depoliticisation since it removes the need for public debate on decision-
making (Felli, 2015). This model is intrinsically ill-suited to manage a technology
with the complex characteristics of CCS, as demonstrated by the failures to achieve
both scale and justice as I argue in this thesis. The logic is succinctly captured by an
industry expert at a conference: “If it ain’t profitable, it ain’t doable”. This profit
motive creates a contradiction in that it renders rapid, large-scale deployment of
CCS contingent on a profitable business case — that does not yet exist.

Mechanisms of the Market-logic Undermining Scale

At the heart of CCS policy stands a rather stark contradiction. As Papers 1 and 2
show, there is widespread acknowledgement that CCS requires ‘“massive
mobilization of public/private partnerships” and “large-scale public funding” —
whilst the technology is simultaneously framed as a “cost-efficient market solution”
(Quotes from Paper 1). This sets up a deployment model where the state socialises
the risks and costs, coming in to de-risk investments and develop a market through
policy incentives and regulation, creating a system where if there is any profit then
private actors are positioned to capture it. Even though the private actors have also
entered their CCS endeavours with substantial capital, which they want returned
since “we are looking for returns, we are not a philanthropic organisation” (Quote
from an industry conference, Paper 4), nevertheless the state in question has usually
invested significantly more and might not see any financial returns on these
investments (Mazzucato, 2013). This division of labour is a political-economic
choice that embodies the neoliberal preference for market-led solutions, where the
state sets the decarbonisation target and the rules of the game, but the “doing” is
delegated to the market (Lohmann, 2008; Mazzucato, 2013).

The point is that this model has until now failed to deliver the required scale of CCS
deployment, achieving only a small fraction of the capacity needed for net-zero
targets by 2030 and 2050 (IEA, 2024). CCS looks hard to come by at the necessary
scale to meet net-zero and the Paris Agreement emission reductions targets at least
until either the CO, price overtakes the CCS price or governments are ready with
massive, continuous subsidies (Kern et al., 2016; Scott et al., 2013) for as long as
CCS deployment is driven by a profit motive. This flaw stems, at least in part, from
anarrow “market fixer” and “de-risker” role applied to the state. Intervention is only
justified to correct “market failures” and otherwise the state should preferably leave
the market alone to do what it does best, namely, to achieve efficient and optimal
outcomes (Mirowski, 2013). But the material characteristics of CCS as a high-risk,
capital-intensive technology, which also is lacking a pre-existing market (Kern et
al., 2016), and its successful deployment would furthermore benefit the public
beyond what the private sector would be able to capture as everyone, globally,
would gain a safer living environment from the mitigation of climate change. On
top, add the natural monopolistic characteristics for storage and transport
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infrastructure, as identified in Paper 3. These conditions combined are building a
case for the state to take a more active role (Mazzucato, 2013; Vogel, 2018).

Yet, in the case of Norway, the state made their involvement in the first full-chain
CCS pilot-project, Longship, perfectly clear; from the get-go it was communicated
that the state would provide funding for phase 1 of the Longship project, which ran
until 2025. The state had identified 6 goals with the Longship project: to
demonstrate whole chain CCS at acceptable costs, show that CCS is possible and
safe, establish transport and storage infrastructure, contribute to CCS cost, prove the
technology, and help create a CO, market (Wettestad et al., 2024). In short, the goal
of the state was purely to demonstrate that full-chain CCS is possible. That means
for phase 2 and beyond, Longship and CCS in general is expected to rely on the
market, which the government has helped fund and set up. But, as I discuss in Paper
4, the market is still not profitable. Longship might still be successful since the CO;
storage capacity of Phase 2 is more or less sold out for the next 10 years according
to their website and since the state was the main funder of the capital costs
(Wettestad et al., 2024). But what happens next? And is this enough to develop a
bigger market with more actors? It seems that the state of Norway has stopped just
before the last step of sustained, strategic direction, which it has in common with
the EU which also falls short of taking that visionary role with clear directionality
that Mazzucato proposes (2013).

The current market model has so far not only failed to deploy CCS technology to
the scale that would be needed for timely meeting the Paris Agreement (Kazlou et
al., 2024) but has also in a sense marketized justice by turning what could be
considered a moral obligation into a commodity. This commodification stems from
the prevailing policy imaginary that frames CO, storage as a market good, risking a
system of “luxury” decarbonisation where storage is allocated to the highest bidder
rather than according to climate justice principles (Shue, 1999, 2018, 2019), as
argued in Paper 3. A justice- and climate value aligned approach would instead ask
who most urgently need storage and allocate this scarce resource to plan for
equitable outcomes. However, the EU’s vision of a “single market for CO,”, despite
aiming to operate with “fair, open and non-discriminatory conditions”, ultimately
allocates this public good on the ability to pay as current policies do not make
judgements on the CO, source to qualify for storage. While this aligns with
libertarian, process-focused principles of justice, it risks allowing sectors with
deeper pockets to outbid those sectors that are hardest to abate. Consequently, as I
argue in Paper 3, CCS may be deployed where it is most profitable and not where it
is most morally urgent and has the most climate value.

The Current Role of the State

In this current model the state has a very specific role, namely to de-risk the
technology to create the conditions for profitability for private actors. This embodies
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the “de-risking state” role, where the state absorbs financial risk to encourage
private investment, but potentially lacking an independent, strategic vision
(Collington, 2015; Mazzucato, 2013). This is especially the case in the EU%, which
is constrained by institutional commitments to neoliberalism (Beckert, 2020; Jessop,
2002). These constraints include policies towards “technology neutralism”,
meaning that the EU should not “pick winners” among technologies but rather let
different decarbonisation technologies compete in the market, creating market-
oriented steering mechanisms where essentially the EU steers towards the net-zero
goal through climate policy, but does not tell member states what to do, as my
findings from Papers 3 and 4 show and which align with previous literature
(Collington, 2025; Dupont et al., 2024; Hunt & Tilsted, 2024; Jessop, 2002).

This constrained, de-risking role of what governing bodies should do has a direct
and critical implication, in general, in that it does not connect the provision of public
support to the enforcement or realisation of public good conditions (Mazzucato,
2013). In particular, it means the state assumes risk to make CCS investable, but its
neoliberal institutional framework stops it from attaching strong, strategic
obligations to that support to ensure that it serves the broader public good. If there
are no strong obligations or conditions to ensure the public support given to CCS
companies serves the public good —i.e., decarbonisation of hard-to-abate industries
with the highest climate value, then this arrangement would not only be unfair but
also undermine the effectiveness of CCS as a climate tool. Without such conditions,
the technology might then be deployed where it is most profitable and most
convenient for private actors, for example on concentrated industrial clusters with
high-purity CO, streams such as coal and gas to liquids (for example for gasoline,
diesel and jet fuel conversion) and natural gas processing, which is significantly
cheaper compared to capture from low-purity streams like pulp and paper, cement
and iron or steel (5-6$/t CO- captured vs 50-75$/t CO2 captured at 90% capture
rate, respectively (Hughes & Zoelle, 2023)). This would be the predictable outcome
of a system that funds technology up to market-readiness but does not direct its use.
Though as shown in Paper 3, the EU has placed some limitations on where EU CCS
funding can be used, which excludes e.g. natural gas facilities, but these limitations
have not been placed on who can obtain CO, storage space. The Norwegian
Longship project has sold out its storage capacity for Phase 1, but they have not
presented conditions for only selling storage space to hard-to-abate sectors or
otherwise. Such potential for misallocation of storage space would mean CCS fails
to address the emissions that have been identified as having the highest climate
value for CCS deployment (E3G & Bellona, 2023), a implication that could also
extend into the CDR-realm in that the growing need for CDR might suffer from lack
of available CO; storage space or also be priced out.

2 Recognising that the EU is not ”a” state but a supranational state entity
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Justice Implications

The justice implications of this market-centric model are systemic and severe,
rooted in the political-economy ideology that structures it. As introduced in the
theoretical framework, the analysis of states and markets is inherently a study of
justice, as it involves choosing “one way of life over another, and one set of values
placed above its rivals” (Paul & Amawi, 2013, p.8). This is an ethical choice that
reflects a clash between competing philosophical traditions of justice as introduced
in the sub section on justice in the theory chapter. The hegemonic “market
imaginary” (Jasanoff and Kim, 2013; Lee and LiPuma, 2002) that underpins CCS
policy, a core element of neoliberal environmental governance (Ciplet & Roberts,
2017), structurally subordinates the “citizen-state” imaginary responsible for
ensuring public welfare and equity (Lee and LiPuma, 2002). This reflects the
broader trajectory of climate governance noted by scholars, as while the Paris
Agreement includes cosmopolitan justice principles, its mechanisms took a more
“neoliberal turn”, becoming “largely indicative of a process of marketization”
(Ciplet & Roberts, 2017, p.153). This divergence between cosmopolitan ends and
market-centric means creates the core justice dilemma for CCS.

The market model operationalizes a specific and quite narrow conception of justice.
By treating CO; storage as a commodity to be traded on a “single market for CO,”,
it prioritizes a combination of libertarian and utilitarian justice. The focus on process
(a “free” market) and cost-efficiency embodies libertarian ideals that centre market
freedom and utilitarian calculations that maximize overall welfare (Okereke, 2008;
Sandel, 2010). This is the logical endpoint of Bakker’s (2005) definition of
neoliberal environmentalism as solving problems “through privatization,
commercialization and commodification of natural resources”. What happens then
is that the polluter pays principle rather becomes a pay-to-pollute system, if adhered
to, which when applied to CO, storage sets up a system where more wealthy
polluters can secure a limited public good (Grubert & Talati, 2024), while sectors
with higher climate value on the CCS ladder could be priced out. This privileges
“ability to pay” over principles of need, a key principle under the Paris Agreement,
and could lead to a direct distributive justice failure. As already mentioned, the risk
is “luxury” decarbonisation (Shue, 2019), where CCS is deployed for profitable
emissions in sectors with alternatives, hijacking scarce storage from “necessary”
emissions in hard-to-abate industries aligned with climate value and the CCS ladder.
This marketisation of a moral obligation aligns with a core neoliberal tenet. As
Mirowski observes, under this logic, “social justice is blind because it remains
forever cut off from the wisdom of the market” (Mirowski, 2013, p.63). The
outcome is a system where profit dictates decarbonisation access.

This flawed allocation stems directly from the state’s prescribed role within the
neoliberal framework. The state acts as a “market fixer” and “de-risker”, creating
the conditions for a market but refusing to pick winners or direct outcomes based
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on a strategic vision for the public good (Mazzucato, 2013; Collington, 2025, and
discussed above), enforcing the rules of a libertarian process but abdicating the
cosmopolitan principles signed on to in the Paris Agreement to ensure equitable
outcomes. To correct this would require governance aligned with a cosmopolitan
compass. One approach could be to align storage access with a tool like the CCS
Ladder (E3G and Bellona, 2023), which would prioritise storage for high climate
value installations and enable plan for equitable allocation from the outset. This
would represent a move from “market fixing” to what Vogel calls “marketcraft”
(2018), in essence actively crafting governance to direct markets toward public
goals and just outcomes.

However, implications of the market-based model for justice extend beyond the
point of flawed allocation and into the threat of non-deployment. As Ciplet and
Roberts ask, “can neoliberal governance be effective and equitable?” (2017, p.154).
My findings suggest it may fail on both. The primary barrier to scaling this
technology is considered to be economic, i.e. the absence of a profitable business
case. For-profit firms, compelled by a financial gain imperative (Hinton, 2020), face
high upfront costs, long payback periods and profit uncertainty in CCS endeavours,
but are nevertheless considered the main actors, in partnership with the state, to
deploy CCS. This embodies the paradox of the neoliberal state, in that it must be
strong enough to construct and de-risk the market but is ideologically prohibited
from steering it toward specific (just) outcomes (Bonefeld, 2015; Mirowski, 2013).

From a business perspective, CCS deployment does not create a new product or a
new business model, meaning CCS would not be necessary was it not for e.g. a
climate law dictating a certain amount of emissions reductions by X year. At best,
CCS represents an avoided cost if carbon prices surpass the cost of CCS
deployment. This creates a structural reliance on high carbon prices or continuous
subsidies to achieve viability, and this dependency subjects the pace and scale of a
critical climate solution to the volatile logic of profitability and private investment
cycles. The market, in the neoliberal view, is trusted to “find its own way to the
ultimate solution”, as “the final arbiter of truth is the market” (Mirowski, 2013,
p.338). Yet, this faith is misplaced for a technology that exhibits classic market
failures including high social returns and natural monopoly characteristics, which
the market alone appears structurally incapable of resolving at the required pace for
Paris Agreement compliance.

The consequence is a dangerously slow rate of deployment. While research on
feasible deployment-rates for CCS put forth that CCS could reach 0.37GtCO; by
2030 if the failure of projects is halved, which would be lower than required for the
1.5°C pathway but on track or even succeeding the need for the 2°C pathway.
Staying on the 2°C track would require that in “2030-2040 CCS accelerates at least
as fast as wind power did in the 2000s, and that after 2040, it grows faster than
nuclear power did in the 1970s to 1980s” (Kazlou et al., 2024, p.1047). This is quite
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a task for a technology that still lacks profitability. This risk of failure to deploy at
the necessary speed and scale constitutes a profound intergenerational justice issue
as it places an increasingly greater burden of emissions reduction and the escalating
costs of climate adaptation onto future generations. In essence, the market-centric
model for CCS governance, shaped by neoliberal ideology, is holding the
technology’s potential hostage. The profit logic does not appear able to summon the
necessary speed or equity, which is building the case for reimagining the state’s role
from a passive market enabler to that of a more active, entrepreneurial and justice-
driven market crafter.
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Framing a New Imaginary for the
Way Forward

The previous sections diagnosed a governance model dominated by a techno-
economic imaginary which sidelines the climate justice principles of the Paris
Agreement. The techno-economic imaginary with its mechanisms of
depoliticisation, structural incumbency and market logic is not aligned with the
material realities and ethical imperatives of CCS, since a) it lacks structures to take
just outcomes into account and b) the CCS business model has so far not been strong
enough to warrant scaling up for private industry. I argue that the path forward
requires a re-imagining of CCS governance, since the goal as established earlier is
to deploy the technology at a scale meaningful for just climate change mitigation.
This necessitates a process of strategic repoliticisation to deliberatively reverse the
depoliticisation strategies identified by Flinders and Buller (2006) and Felli (2015).
This would entail moving decisions back from technical bodies to democratic
oversight and replacing narrow cost-efficiency calculations with broader public
deliberation about values and trade-offs. Here I draw primarily on the empirical
findings of Papers 3 and 4 and posit a suggestion for a path forward aimed at
achieving two simultaneous goals: 1) to break the current impasse in CCS
deployment, and 2) to align CCS deployment with climate justice objectives. This
re-imagining is a first step to resonate with Ciplet and Roberts’ vision of a non-
neoliberal governance model, which would be “mandatory based on ideals of
fairness” (2017, p.155), and answers Felli’s (2015) call to make foundational
political questions explicitly decidable and central to climate governance.

A Public Coordinator for CCS Deployment

The current governance model entrenches depoliticisation through institutional
delegation to market actors (Flinders & Buller, 2006). Institutional repoliticisation
is required to invert the neoliberal logic, where instead of insulating deployment
choices from political accountability to protect investor freedom, the mandate would
be to explicitly subject the choices of which emissions are captured, from whom and
for whose benefit to democratic oversight and justice-based criteria.
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As discussed above, in Paper 2 and in literature (e.g. Lane et al., 2021), the fossil
fuel industry is naturally placed to lead CCS deployment because of their know-
how of the regulations, infrastructure and the underground where CO; is to be
stored. However, the fossil fuel industry is currently not planning to decrease
production of fossil fuels — in Norway, for example, fossil fuel extraction is
imagined to continue for a long time yet (Klima- og Miljedepartement, 2023). This
may create an incentive to use CCS to decarbonise ongoing fossil fuel power
operations rather than prioritising its application for harder-to-abate sectors. As the
industry is also positioned as the default market provider, this conflict of interest
warrants placing the coordination and organisation of the CCS chain in a separate,
public entity. A public coordinator could be put in place to oversee and manage the
CCS chain.

The public CCS network coordinator could function as a central, state-mandated
coordinator. This model acknowledges a key lesson from the history of
technological development, in that the development and deployment of big scale,
complex technologies, such as nuclear power - that also require planning over long
time-scales and have a vulnerability from public acceptance, “resulted from direct
management by national governments through programmes lasting several decades”
(Scott et al., 2013, p.110). Similarly, a public coordinator for CCS would act as the
counterparty for emitters, transporters and storage operators and directly solves both
the “chicken-and-egg” problem as well as the cross-chain (investment) risks. It can
do that by aggregating demand, planning infrastructure and buffering cumulative,
systemic risks that individual actors do not have the structures to identify or manage
themselves, and as such could simultaneously generate public trust. The “chicken-
and-egg” problem can be explained as those with a suitable hard-to-abate industrial
plant are reluctant to invest in capture technology to retrofit their plant if storage
space cannot be guaranteed, and likewise those developing transport and storage
infrastructure are reluctant to do this without knowing that they will have captured
CO; to transport and store. This is a key concern expressed by most actors involved
in CCS development and is explored in Paper 4. A central coordinator would be
more able to take a birds-eye view on deployment beyond singular projects to link
storage providers with emitters and ensure compliance with all applicable
regulations, as well as take steps to limit negative cumulative impacts across and
beyond the chain. A key limitation identified in Paper 3 is the fragmentation in EU
CCS policy in that it is project based and not full chain-based, and while the EU
Innovation Fund has since implemented more stringent “Do No Significant Harm”
rules (European Commission, 2025b) the cumulative oversight remains missing.

Industry actors themselves have called for a central coordinator for the CCS value
chain to overcome the uncertainty and de-risking needs that currently paralyse
investment (Paper 4). Two EU policy frameworks, the TEN-E Regulation and the
“Projects of Common Interest”, are stepping-stones but as of yet based on individual
proposals and not wider coordination. The key difference I propose here is to
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mandate that this coordinator operates not as a neutral market facilitator, which
would perpetuate depoliticisation by rule and cost-optimisation, but as a vehicle for
the active political realisation of cosmopolitan climate justice principles. Its role
would be to make these principles “decidable” (Felli, 2015) by creating the
administrative and procedural mechanisms to implement them, essentially replacing
the rule of cost-efficiency with rules of equity and need. By being explicitly tasked
with this as a mission, the public coordinator would be taking steps towards filling
the visualisation-role proposed for an entrepreneurial state (Mazzucato, 2013) and
“marketcrafting” (Vogel, 2018). In theory, there is no limit to how far the
coordinators’ role could go. It may even be extended to operating or even owning
transport infrastructure and storage sites, the segments in the CCS value chain with
natural monopoly characteristics, and coordinating public funding as it would
ensure that one entity is responsible for the full technology chain, thus increasing
stability and planning-capacity of both public and private actors. This could make
investment by private capital more appealing and as such help scale CCS at speed
while concomitantly maintaining safeguards.

The set-up of such a coordinator could draw inspiration from the Norwegian
“Gassnova”. Gassnova started as a subsidiary organisation under the Ministry for
Petroleum and Energy in 2005 before being established in 2007 as an official state-
owned company (Wettestad et al., 2024). It has since played an important
coordinating role for Norwegian CCS endeavours. In the context of the Longship
project, Gassnova was the primary initiator, coordinator and driver (Wettestad et al.,
2024). This reflects a broader national Norwegian imaginary where CCS is framed
as a core responsibility of the state, embedded in a project narrative that generates
public legitimacy (Buhr and Hansson, 2011). Within this frame, the claimed benefits
of CCS including technology exports and, in the past, CO,-free domestic power, are
to some extent understood as public goods that justify and sustain state leadership
(Buhr and Hansson, 2011). Gassnova initiated talks to engage private industry,
delivered feasibility studies and coordinated the efforts that then became the
successful Longship project (Gassnova, N.D.).

Reorganising and expanding the task of a Gassnova-like organisation might help
CCS deployment go from the current Phase 3 with pilot projects towards a Phase 4
of larger-scale deployment since it would enable cooperation, rather than
competition, across the value chain. The current approach where companies across
different sections in the CCS chain, e.g. one storage developer and one capture
project, often compete for the same public funds (European Commission, 2025a), is
a bottleneck for CCS deployment. The capture project needs the storage developer
and vice versa, but what may happen is that only one of the projects receives public
funding. The current set up in EU funding creates competition between projects that
would benefit from cooperation. CCS projects could have a positive
interdependence where if one project achieves their goal, another project would also
be positively affected. The projects in a CCS value chain are not independent of
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each other and should be treated as interdependent for more effective deployment,
cooperation (Deutsch, 1973), and ultimately meeting of climate goals. The lack of
coordination in relation to EU industrial policy was acknowledged in the so-called
“Draghi Report” (European Commission, 2024a), but the public coordinator may
enable this cooperation.

To fulfil this de-risking and coordinating function effectively, the coordinator must
have a clear mandate to operationalise and deploy CCS for just climate change
mitigation. This mandate is critical because it orients the fundamental purpose of
the coordinating body. As McCulloch and Ridley-Duff (2019) argue, the key
importance to achieving social missions is for the organisation to have a purpose
and a mandate to achieve that purpose. Unlike a for-profit entity, which by nature
must prioritise generating financial return for shareholders and will feel pressure to
choose a profitable outcome over a just one when those paths diverge, a not-for-
profit or public body exists mainly to fulfil a mission (Hinton, 2020; Robinson,
2023). This structural difference makes it easier to pursue climate justice as
decisions can be guided by mission and values rather than the “bottom line” (Brower
& Shrader, 2000). A public CCS coordinator could therefore accept lower rates of
return (e.g. 2-3% versus the 8-12% expected by private capital (Paper 4)), making
technically and socially preferable projects more feasible. As Hall and Millo
demonstrate in their analysis of social return on investment, the value of a public
enterprise is not captured by its profitability (or lack thereof) alone (2018). Rather,
its contribution lies in the broader social, environmental and strategic goods it
delivers, which in the case of CCS refers to climate change mitigation and the
realisation of climate justice principles. By reframing CCS from a “money making
machine” to a form of “waste management” for the public good (Paper 4), a mission-
oriented, not-for-profit approach could provide the necessary foundation for
building climate justice into the fabric of deployment.

A mission-oriented, not-for-profit approach taken by the CCS coordinator moves
toward a governance model that would “incorporate logics of legitimacy not
reductive to managerial quantified and market-based measures, but be built with
procedural justice” (Ciplet and Roberts, 2017, p.155). Research would need to look
in more depth into how this coordinator should be organised, who should control it,
how it should be set up; a subsidiary per region or country, with the overarching
coordination happening at an aggregate level, for example? What rate of transport
and storage capacity makes sense to reserve for higher climate value emissions
versus be competitively available? In any case, it must have a mandate to work
towards the Paris Agreement emission reduction in general, and equity principles in
particular e.g. where access is naturally limited.
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Prioritising Climate Value over Profit

Another core task for a reimagined CCS deployment model and a distinct function
of the public coordinator is to resolve the question of allocation. I identified this as
a bottleneck to just deployment in Paper 3, because of the combination of the fossil
fuel industry holding the gatekeeper-role and the natural monopoly characteristics
of CO; transport and storage infrastructure. This, I argue, can lead to unfair price-
setting and/or lack of access to the storage sites by hard-to-abate industries where
CCS-use is identified to have high(er) climate value in comparison to e.g. CCS on
fossil fuel power stations (Paper 3). This need for access will also extend,
increasingly, to negative emission-storage from BECCS, DACCS, etc., towards the
latter half of this century if we continue to exceed the Paris Agreement temperature
limits (IPCC, 2022). The market-centric model has demonstrably failed to deliver
scale, and a market-driven approach to storage access might disadvantage sectors
with higher climate value if they are economically disadvantaged in comparison to
those with lower climate value — as briefly discussed above, the cost of CO; capture
is higher if the CO, concentration in the fluegas is lower, since more energy will be
needed to clean the fluegas to the same 90% (Hughes and Zoelle, 2023). The
fluegases with the higher CO, concentration include coal and gas to liquids — low
CCS climate value sectors, in comparison with low purity fluegases in e.g. pulp and
paper (for BECCS) and cement, which would be high climate value sectors (E3G &
Bellona, 2023; Hughes & Zoelle, 2023). To what extent 100% capture rates are
desirable depends on the increased energy penalty and the source of energy input,
which needs to be considered at each individual installation.

Unlike a market model that would allocate based on ability to pay, risking a system
of luxury decarbonisation (Shue, 2019), a justice-oriented framework must ensure
that allocation of access to critical infrastructure with natural monopoly
characteristics is based on climate value calculations. Transcending this logic
requires replacing market allocation with justice-based prioritisation, an approach
that would help “privilege distributive and non-libertarian ideals of justice”, a key
element of the non-neoliberal model (Ciplet and Roberts, 2017, p.155). A public
coordinator, as proposed above, would be the entity mandated to implement this
principle. While this may not be applicable in Phase 3 as the focus there should be
on building up of capacity, the public coordinator I envision must have a climate
justice and climate value mandate where the aim is to operationalise and deploy
CCS technology for climate change mitigation for Phase 4 or as soon as demand
exceeds supply.

One important step is to improve, nationally contextualise and implement tools like
the CCS Ladder into regulation to ensure that CO; transport and storage, which have
naturally limited accessibility because there are only so many MtCO; that can run
through the infrastructure per day/month/year, is reserved on a climate-value basis.
This includes first of all for hard-to-abate industries with no (currently) viable
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alternatives, which later on makes space for CO, from CDR activities according to
the growing need from this sector (Wettestad et al., 2024). Any excess capacity
(which could arise for example from the need to keep injection pressure stable (Lane
et al., 2021)) could be sold to the highest bidder in the market to help fund and build
out infrastructure capacity and ensure a steady injection stream into the storage site,
making the most effective use of the infrastructure. Operationally, the revenues from
more profitable parts of the chain that could still be subject to competition can be
used by the coordinator to subsidise access for less profitable but essential industries
and regions, which can prevent a situation where only the wealthiest actors can
afford to decarbonise. This pools resources and risks to ensure that the costs of
decarbonisation are distributed according to capacity to act and pay, which are key
equity principles in the UNFCCC. By separating the logic of allocation from pure
market dynamics, this approach seeks to ensure CCS is deployed where it is most
morally urgent and has the most climate value.

The Broader Context

The governance challenges for CCS identified in this thesis are not isolated. They
interact with other interrelated global challenges, including a geopolitical tension
emerging where climate action, framed as a matter of survival for humanity (Calvin
et al., 2023; UNSDG, 2023), clashes with economic and energy security interests.
Nations like Qatar and the USA are challenging EU’s climate measures and human
rights laws (Halabi, 2025), the two key things I have tried to highlight as critical
steps in the right direction towards just climate change mitigation. This underscores
how decarbonisation pathways are contested terrains where short-term
competitiveness trumps the cooperative, long-term focus needed for climate
governance. The need for cooperation is so important that it even received its own
Sustainable Development Goal; goal 17, “Partnership for the goals” (UNSDG,
2023). The accelerating physical reality of the climate crisis, as detailed by the
IEA’s most recent, sobering scenarios where all three exceed 1.5°C warming by
2030 (International Energy Agency, 2025), creates an urgent imperative for rapid,
large-scale deployment of all available mitigation tools, including CCS and the
CDR technologies it enables. But this urgency exists in tension with the prevailing
global, and European, climate governance paradigm that privileges market-based,
competitive approaches over the coordinated, mission-oriented state leadership that
history shows is necessary for mobilising complex technological systems at pace
and scale (Ciplet & Roberts, 2017; Mazzucato, 2013; M. Schreurs, 2024; Scott et
al., 2013).

This need for strategic coordination extends to the alternatives to CCS as well. On
the CCS Ladder, the first question is: are there alternatives? For fossil power
generation, renewable electricity is the most obvious one. But the scale-up of
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renewables and electrification itself faces geopolitical and material constraints,
including a fragile supply chain for critical minerals (Schreurs, 2024, 2023). China
dominates with 70% of the global capacity on critical minerals, with an additional
layer of complexity added as most of these are subject to export controls
(International Energy Agency, 2025). CCS technology needs to be seen as one
component in a complex net-zero portfolio, as decisions need to be taken in ways
that combine climate action, geopolitical considerations and energy security and
sufficiency (Vogel et al., 2021). It is important that (climate) justice principles do
not get lost in this equation, which highlights the critical role for a public coordinator
with a climate justice mandate.

Consequently, my proposal to shift from a market-commodity to a public-good
model, steered by a public coordinator, is a proposal aimed towards achieving just
and effective CCS. But this has implications that go beyond European industrial
policy since it speaks directly to the core question of how societies organise to tackle
crises. The proposed model of a public coordinator, tasked with strategic planning,
de-risking investment and ensuring equitable access based on climate value, offers
a proposal for a way to transcend the “chicken-and-egg” paralysis that plagues CCS
but probably also other networked and capital-intensive climate infrastructures. By
foregrounding climate justice and the need for strategic direction, this framework
aligns with the cooperative spirit of SDG 17 and provides a counter-narrative to
other competitive imaginaries of the net-zero transition.

Limitations

This research has several important limitations. First, my empirical scope is
deliberately focused on the EU and Norwegian contexts, and as such the findings
are not readily generalisable to regions with different political economies of energy
and climate governance even if the cosmopolitan climate justice framework would
still apply in countries that are Paris Agreement signatories. Secondly, the
methodological reliance on policy documents, literature reviews, expert interviews
and participant observations, which provided a clear understanding of what the
problem is understood to be in these contexts and how the governance structure of
CCS functions, does not capture the lived experiences or justice perceptions of
communities living with the direct impact of CCS infrastructure. These lived
experiences are, however, not readily available as CCS is not yet deployed at large
scale. Furthermore, some of the concepts in this justice framework, especially
“sustainable development”, is subject to vast critique due to its ambivalent
definition. This is hence another limitation of this research as I have not engaged
with this critique and instead used the “Our common future” definition given in this
text. The cosmopolitan justice framework has furthermore, naturally, shaped my
interpretation of the data. Another justice lens would have shed a different light and
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brought other issues to the fore, for instance sovereignty over land use for CO,
storage or the Sami peoples’ opposition to the build-out of wind parks in Northern
Norway as a result of Equinor’s opposition to building out CCS at Melkeya. These
have not fallen within the scope of my research but not for lack of relevance. Lastly,
my research captures a specific moment in “Phase 3” of CCS development. This
context is rapidly evolving, especially in relation to geopolitics and energy security
crises with resulting policy shifts. I nevertheless hope the climate justice lens
applied here maintains relevance for as long as climate action is needed.

Future Research

A core focus of this thesis has been to explore whether the way CCS is currently
rolled out in Europe is aligned with climate justice principles. One aspect of just
roll-out relates to where the technology is applied and that this should primarily be
in hard-to-abate industries. Here, the attempt to define who or what gualifies as
hard-to-abate in the context of CCS has not been in focus and I have instead used
E3G and Bellona’s CCS Ladder to understand the methodology of where CCS can
contribute (the most) climate value. Helping to refine and establish a peer-reviewed
“CCS Ladder” or similar tool for European deployment would hence be an
important future research task.

Furthermore, new actors are beginning to shape the governance landscape and
warrant scholarly attention. Specialised start-ups in capture technology and new
entrants in the transport segment, for instance, as well as Al developments, may
challenge incumbent dominance or introduce new governance dynamics that I have
not analysed here. Future research should examine whether and how emerging
actors and trends might alter the political economy of CCS deployment and whether
they could serve as vehicles for more just outcomes.

The geographical scope of my research also invites extension. China has become
the region with the most rapid growth in CCS deployment (Global CCS Institute,
2025), yet its political system and governance logic differ markedly from the
European context analysed here. While policy models naturally cannot be directly
transplanted, there may nevertheless be valuable lessons to be learned from China’s
approach to scaling the technology. Comparative research may identify governance
principles that transcend political systems and could contribute to more effective
and equitable deployment globally.

In this thesis, | have referred to the “fossil fuel industry” as one actor and highlighted
that if the fossil fuel industry loses interest in CCS, then the know-how they bring
might not be readily available for CCS deployment. This approach made sense for
the purpose and context of my research, but as Nawaz et al. point out, the knowledge
of the fossil fuel industry is embodied in the workers of the fossil fuel industry
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(2024). Future research should investigate how to utilise the expert knowledge these
workers have. This could possibly be extended into exploring whether CCS could
enable a just transition of fossil fuel industry-workers (Halttunen et al., 2022;
Swennenhuis et al., 2020) to becoming CCS workers.

Naturally, the public coordinator model proposed in this thesis opens multiple
avenues for further inquiry. While I have argued for its potential to align CCS with
climate justice principles and scale deployment, the specific legal, financial and
political mechanisms required for its establishment remain to be specified. Future
research could explore how such an entity would be designed, what powers it would
need, how it would be held accountable and what institutional barriers might impede
or help its realisation in different national contexts.

Finally, the question of cost-sharing and emission responsibility warrants mention.
This thesis has touched upon the distributive implications of allocating CCS costs
and the unresolved question of whether responsibility lies with producers or
consumers, particularly in relation to Scope 3 emissions. Recent legal developments
like the 2025 ruling by the EU Human Rights Court on scope 3 assessments in
Norway suggest this is an evolving area. Future research should examine how
evolving legal norms around supply chain responsibility might reshape the political
economy of CCS and whether new accountability mechanisms could help
operationalise the polluter pays principle in ways that current governance models
do not.
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Conclusion

This thesis began by recognising that Carbon Capture and Storage (CCS) has moved
from being a speculative and contested tool on the periphery of climate change
mitigation discussions to having a central role in official Net Zero strategies. The
signing of the Paris Agreement and the subsequent binding climate laws in Europe
have created a new, urgent reality in that CCS is now a matter of “how”, no longer
“if”. My research is situated in the gap between the established, critical perspectives
on CCS and this newly urgent, policy-driven rollout. Adopting the stance of a
critical friend to CCS deployment, I have not asked whether CCS should exist but
rather how its deployment can be governed to align with the climate justice
principles embedded in the agreements that now mandate decarbonisation.

This inquiry has been guided by a set of frameworks. The concept of imaginaries
has helped me diagnose the dominant vision behind the perceived need for CCS in
the first place, cosmopolitan climate justice has enabled the evaluation of its moral
direction, and lastly the political economy of decarbonisation set the framework to
analyse the governance structures that bring this imaginary to life. Through an
analysis of Norwegian and European Union policy architecture, this theoretical
trinity has shown how the current dominant pathway for CCS is governed by a
techno-economic imaginary that frames the technology primarily as a cost-efficient
market commodity. This imaginary of CCS, I have argued, operates by
depoliticising fundamental choices about our industrial future, entrusting the fossil
fuel industry with a gatekeeper role and constructing market models that have so far
failed to deliver the necessary scale or safeguard equitable outcomes. In essence, the
current governance model has produced what can be understood as the CCS Show
Pony.

A show pony’s purpose is to perform. The CCS Show Pony has performed in policy
arenas and model scenarios, become a way for industry to demonstrate their
commitment to a Net Zero world and showing technical feasibility, with projects
like Sleipner and Longship proving that capture and storage could work. Its
prominence in IPCC reports and Integrated Assessment Models showcased its
theoretical cost-efficiency, arguing for and cementing its place in climate change
mitigation portfolios. And this performance has been important; it has spurred
political will, secured a place for CCS in critical legislations like the EU’s Net Zero
Industry Act and mobilised an expert ecosystem of researchers, engineers and
policymakers. To extend the metaphor, the CCS Show Pony has won the show.
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Decades of research, trial and error have proven that the technology is worthy of our
attention, because it can capture, transport and store CO, emissions safely in
geological formations, preventing their release into the atmosphere. But the show
pony, even if it has been a successful show pony, is not built for the plough. The
show pony requires very specific conditions to show off its (limited) talent.

My findings indicate that CCS must now transition from being a show pony to
becoming a working horse to pull the plough. The performance phase of the show
pony has largely been achieved in proving feasibility, securing political buy-in,
setting up policy frameworks and the beginning of support structures. What now
needs to happen is deployment at scale, but this is a task of unglamorous work;
planning interconnected infrastructure, managing scarce storage resources justly,
mitigating cumulative environmental risks, ensuring costs and benefits are borne
fairly, etc. This is work for a dependable, purposeful and justice-oriented
governance system that won’t turn its hooves up if the profit margin drops too low.
The current market-commodity model with its reliance on profitability and
competitive bidding is ill-suited to this task. As my research shows, it creates a
“chicken-and-egg” bottleneck that leaves strategic planning to the mercy of private
investors. If it gets deployed at all, we risk allocating scarce storage to the highest
bidders rather than to the emissions with the highest climate value, which down the
line could impede the deployment of negative emissions technologies whose
implementation will be extremely important to return from climatic overshoot.

To make CCS an effective working horse for climate mitigation, we need to
consciously shift from treating CCS as a market commodity to stewarding it as a
public good. My proposed reimagined path forward suggests a governance
framework to take the technology from the current Phase 3 (where Phase 1 was first-
of-a-kind projects, Phase 2 largely characterised by applying it to the wrong
projects, i.e. fossil power installations, and now Phase 3 is the post-Paris hard-to-
abate application but still very small scale) to large-scale, targeted, Phase 4
deployment. Phase 3 scaling up could already be supported by and benefit from
elements of this new imaginary. The first step is to create a public coordinator where
the state evolves from its current role as a passive “de-risker” of private investment
to becoming an active coordinator, which may extend to owning the segments of
the CCS chain with natural monopoly characteristics. This body would be tasked
with planning the integrated CO; transport and storage networks, aggregating
demand, buffering cross-chain investment risks, solving coordination failures,
providing certainty to investors and communities and in general holding the reins of
the system. The second step is to allocate storage space (or injection capacity, to be
accurate) by climate value, where the public coordinator operates within an explicit
climate justice mandate. This means allocating access to the infrastructure with
characteristics of natural monopolies not by ability to pay but by applying tools like
the CCS Ladder to ensure that capacity is prioritised for hard-to-abate industrial
process emissions before being allocated to sectors with alternative decarbonisation
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pathways. The just deployment mandate can be implemented when demand starts
to exceed availability, creating a tiered implementation of the suggestions presented
here.

I am making this argument in a spirit of appreciation. The CCS Show Pony has
played an important role: it has captured our imagination, demonstrated potential
and now brought the global CCS industry to this point where government feasibility
studies are starting to point in a positive direction. It is important to honour this
contribution while simultaneously recognising that the task now at hand is different,
requiring the resilience of the working horse to put in the heavy grinding labour for
larger-scale decarbonisation. In this thesis I have sought to provide the constructive
principles for this next phase. By diagnosing the justice deficits of the dominant
imaginary and proposing an alternative anchored in public stewardship and
cosmopolitan justice, I have attempted to contribute a moral governance compass
for CCS in Phase 4. Phase 4 should be the phase of just, scaled and targeted
deployment. The climate crisis is a serious threat to the quality of life as we know it
and we need every tool we have, but used with purpose that goes beyond private
profitmaking. And if deployed in the right way, CCS will have a part to play.
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Appendix I: Interview Guide

A project description and consent form was sent to interviewees approx. one week
prior to the interview. Before the start of the interview, I reiterated my role, my
research projects’ focus and asked for permission to a) interview them and b) record
the interview. Interview data is stored safely according to Lund University’s data
management plan and in accordance with the ethical approval. The below questions
were sometimes adapted somewhat to fit the expertise of the particular interviewee,
so not all questions were asked to all interviewees, and some follow-up questions
are not listed here.

1.
2.

10.

11.
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How long have you worked on CCS and what is your role?

How would you describe the dominant vision or ‘story’ guiding CCS
deployment in the EU?

How are equity considerations (like distributive impacts, fossil industry
accountability) incorporated into EU policy design? Can you point to
concrete mechanisms or debates where these issues arose?

What governance or funding models (e.g. public ownership, global CO,
storage commons) have been discussed to deploy CCS?

What role does the EU have for successful CCS? Vs Norway?

The fossil fuel industry is central to CCS infrastructure. How does the EU
navigate potential conflicts of interest, given the industry’s historical
responsibility for emissions? Should they have a role in governance?

How do EU policymakers view Norway’s role? Are there tensions around
dependency on Norwegian storage?

Potential advantages of using CCS? Who will benefit from it do you think?

Potential disadvantages of using CCS? Who might feel these negative
effects more?

How would you balance the need for CCS as a climate solution with
concerns that the need for a profitable CO, market could delay CCS
deployment?

How could we deal with distributing the benefits and burdens of CCS
within the EU?



12.
13.

14.

If CCS were to be fully implemented, how would you define success?

Do you think CO, transport and storage can be successful in the context
of a competitive market? How could that be achieved?

What would a successful, fair and profitable EU CCS market look like?

a. What role does the EU play here; how could the EU e.g. ensure a
certain profit margin? (And what would such a profit margin need to
be minimum for industry actors to want to work with CCS?)
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