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Executive summary
The global transition away from fossil fuels has stalled. While international announcements like 
the COP28 Global Stocktake signal political intent, actual geopolitical developments reveal a 
persistent interest in fossil fuels. Current fossil fuel production and consumption trajectories 
remain fundamentally misaligned with the temperature goals of the Paris Agreement.

Yet the position of fossil fuels is more tenuous than recent trends imply. Several structural factors 
that have historically underpinned their dominance – most notably their control over energy 
supply options – are now weakening.

We argue that the fossil fuel transition can be successfully completed if policymakers, 
businesses and financial institutions more systematically deploy solutions that already exist. The 
problem is not a lack of policy, technological, or financial tools, but their inconsistent application 
and the limited ambition with which they are implemented.

We identify eight strategic challenges that together define the fossil fuel endgame (see Action 
Points below). These challenges span deep societal views about prosperity, institutional and 
regulatory distortions that favour fossil fuels, the practical management of decline in fossil fuel 
demand and supply, and the requirements for a net-zero-aligned residual fossil fuel sector. 

We show that for each challenge there are tested, scalable solutions. Although inertia and 
entrenched interests constitute significant barriers, with the right set of interventions, a successful 
fossil fuel transition is possible, desirable and more likely than is generally assumed.
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Action points for a successful fossil fuel transition

1. Demonstrate clean ways of meeting energy needs

•	 Demonstrate, at scale, that affordable, reliable energy access and economic growth can be 
achieved without fossil fuels.

•	 Prioritise renewable energy deployment, electrification and clean energy entrepreneurship, 
especially in the Global South.

•	 Integrate energy access, climate and development strategies to counter fossil fuel-led 
development narratives.

2. Promote models of economic prosperity without fossil fuels

•	 Build consensus around long-term economic strategies that reduce reliance on fossil fuel 
revenues and exports.

•	 Use industrial policy, public investment and institutional reform to expand non-fossil 
economic sectors.

•	 Encourage fossil fuel companies, including state-owned enterprises, to pursue 
fundamental business model transformation.

3. Remove the incumbent advantages of fossil fuels

•	 Reform fossil fuel subsidies and pricing mechanisms, using gradual approaches and 
targeted compensation to protect vulnerable households.

•	 Internalise social and environmental costs through carbon pricing, regulation or extended 
producer responsibility.

•	 Align legal, regulatory and investment frameworks so fossil fuels no longer enjoy default 
“public interest” status.

4. Set clear corporate standards to guide behaviour

•	 Strengthen net zero standards to include explicit fossil fuel phase-out requirements, 
timelines and capital allocation rules.

•	 Embed voluntary standards into regulation or make them legally enforceable.

•	 Mandate credible transition plans for fossil fuel producers, including asset retirement and 
full lifecycle emissions management.
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5. Reduce fossil fuel demand

•	 Accelerate electrification of power, transport, buildings and industry using clean electricity.

•	 Double down on energy efficiency and sufficiency through standards, urban planning and 
behavioural interventions.

•	 Deploy coordinated policy packages that combine regulation, pricing and public 
investment.

6. Reallocate capital and labour at scale

•	 Integrate climate transition risks into financial regulation, supervision and disclosure 
frameworks.

•	 Use transition finance, sustainability-linked instruments and shareholder engagement to 
drive real-economy change.

•	 Invest in reskilling, active labour market policies and place-based transition support for 
affected workers and communities.

7. Manage vanishing economies of scale and scope in fossil fuel systems

•	 Avoid new long-lived fossil infrastructure and align asset depreciation with climate targets.

•	 Facilitate orderly downsizing and consolidation of gas networks and refineries.

•	 Support managed decommissioning and protect consumers from unfair cost burdens 
during transition.

8. Clean up residual carbon

•	 Without compromising the transition, scale up geological CO2 storage as a core component 
of net-zero-aligned fossil fuel use.

•	 Apply the polluter-pays principle through mechanisms such as carbon takeback 
obligations.

•	 Use public policy to overcome early-stage market failures while preventing carbon removal 
from becoming a substitute for demand reduction.
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1. Introduction
Meeting the temperature goals of the Paris Agreement requires an end to greenhouse gas 
emissions from fossil fuel production and use. At COP28, the first Global Stocktake was heralded 
as “the beginning of the end of fossil fuels,” as it called for a transition away from their widespread 
use and the transformation of global energy systems (UNFCCC, 2023). It was an important 
milestone, and reaching it has been hard.

The fossil fuel transition is one of the most contentious issues in international climate 
negotiations. It raises profound questions about the unequal impacts of fossil fuel extraction and 
use (Muttitt et al, 2020; Healy et al, 2019) and the (un)fairness of proposed transition pathways 
(Lenferna, 2018; Geels et al, 2017). There is an inherent North-South divide (van Asselt et al, 
2023), as well as tension between fossil fuel and non-fossil-fuel-producing countries within the 
Global South. The debate is occurring in a context of deep polarisation, in which fossil fuels have 
taken on totemic significance (Lamb et al, 2020). Polarisation stems in part from a deliberate 
strategy by some stakeholders, who use divisive narratives to delay climate action (Ferns et al, 
2019; Franta, 2022).

Since COP28 the transition away from fossil fuels has stalled. There is renewed geopolitical 
interest in the exploitation of fossil fuels. Production is expanding in the name of energy security 
and economic growth. Existing and planned fossil fuel infrastructure, and the associated “carbon 
lock-in”, easily exceed levels consistent with a 1.5°C or even 2°C world (McGlade et al, 2015; 
Pfeiffer et al, 2018).

Despite these trends, we argue that with the right interventions, a successful fossil fuel transition 
is possible, desirable and perhaps more likely than generally assumed. Drawing on an extensive 
body of solutions-oriented research by our multidisciplinary author team, as well as wider 
evidence, we identify eight strategic challenges which we believe are critical to a faster and fairer 
fossil fuel transition. They constitute a strategic framework for the fossil fuel endgame.

For each of the challenges we identify and review concrete, scalable solutions. While their 
deployment must be context-specific, all of them have been tried and tested in practice. The 
solution space for the fossil fuel transition is much more developed than commonly appreciated.

2. Fossil fuels in global net zero pathways
A good way to understand normatively what the future of fossil fuels needs to be is to look at the 
decarbonisation pathways reviewed in the Sixth Assessment Report of the Intergovernmental 
Panel on Climate Change (IPCC). 

The IPCC’s 1.5°C-compatible pathways make clear that there are no credible scenarios in which 
fossil fuel use can be sustained at today’s level. Fossil fuel emissions must fall sharply on the way 
to global net zero CO2 by the middle of the century. By the very definition of global net zero, at 
that point any remaining fossil fuel use will require compensating for with permanent carbon 
storage.

Figure 1 shows the primary energy supply in an average of 1.5°C-compatible scenarios from 
the Sixth Assessment Report (IPCC, 2021). Net zero is achieved in 2055 (red dot) through a 
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combination of steep emissions cuts and CO2 removal, chiefly into biological sinks. Storing carbon 
in biological sinks, such as forests and soils, plays a critical role in natural source-sink balancing 
and restoring ecosystems. However, a durable climate stabilisation will require more permanent 
types of CO2 storage, primarily in geological sinks (Allen et al, 2022). This state of geological net 
zero is achieved in 2064 (dark red dot), but fossil fuel use in electricity, heating, cooking and land 
transport will need to be reduced to near-zero well before that date.

The scenarios assessed by the IPCC are not exhaustive, but they indicate clear trajectories for 
both fossil fuels and renewable energy (Welsby et al, 2021; Achakulwisut et al, 2023): 

•	 Coal use (purple region) decreases by >75% by 2040. At geological net zero, only a small 
fraction remains, primarily as a feedstock in steel and heavy industry. Approximately 90% 
of contemporary coal reserves are unexploitable in a 1.5°C-aligned trajectory.

•	 Oil (blue region) declines by >50% by the time of geological net zero and approximately 
75% by 2100. Global oil supply peaks between 2020–2030, with around 60% of  
contemporary reserves projected to remain unexploited. 

•	 Natural gas (orange region) shows greater variation, depending on assumptions 
regarding carbon capture and storage (CCS). Gas use is projected to remain relatively 
stable, but an increasing fraction is used with CCS. Unabated gas follows a similar decline 
trajectory to unabated oil. Some 50–60% of contemporary natural gas reserves are 
unextractable, with a higher fraction for unconventional gas. 

•	 Renewable energy (green dotted region) scales up dramatically to simultaneously 
replace existing fossil fuel use and meet growing energy demand, supplying two-thirds of 
primary energy by geological net zero. 

Figure 1 – Primary energy supply between 2020–2100, partitioned between individual sources, in the 
average across C1 and C2 scenario groups in IPCCAR6. Primary energy supplied from coal is shaded purple, 
oil is shaded blue, and natural gas is shaded orange (hatched region shows the portion of natural gas 
primary energy which has CCS attached). The thick red solid line shows the total primary energy delivered 
by fossil fuels. The green dotted region shows the primary energy supply from sources that the integrated 
assessment models (IAMs) assume are carbon-free (nuclear and renewables including biomass). The total 
primary energy supply is shown with a red dashed line. Dates of net zero (2055) and geological net zero 
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(2064) are shown on the fossil primary energy supply curves with red and dark red dots, respectively. 

The crucial point is that all 1.5°C pathways deviate radically from a prolonged history of fossil fuel 
growth and the trend is barely slowing. The International Energy Agency anticipates continued 
fossil fuel expansion, with oil demand growing (albeit more slowly), gas demand exceeding a 2.5% 
annual growth rate, and coal demand stabilising after a possible peak in 2023 (IEA, 2024).

As a result, emissions projections for 2030 surpass 1.5°C and 2°C limits by 110% and 69%, 
respectively (SEI et al, 2023). If the Paris goals are to be met, more effective transition strategies 
are urgently needed.

3. A strategic framework for the fossil fuel transition
Figure 1 makes clear that net zero will require a systemic transformation of the fossil fuel industry. 
Such deep structural change is difficult, but there are precedents from which lessons can be 
learnt, such as the post-communist transition (Fries, 2021). Systems science can help to identify 
the economic, institutional, social and regulatory conditions that shape the fossil fuel transition.

These conditions translate into a set of sensitive intervention points (Farmer et al, 2019) – 
sometimes referred to as leverage points in system theory (Meadows, 1999) – where targeted 
action can disproportionately influence the success of the transition.

Drawing on these concepts, we identify eight strategic challenges, which can serve as an 
organising framework for the fossil fuel endgame (Figure 2). 

 
Figure 2 – Eight strategic challenges that the fossil fuel transition must address, based on the notion of 
sensitive intervention/leverage points. For each challenge, tried and tested solutions exist.
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The first set of strategic challenges concerns a shift in understanding of the role of fossil fuels in 
economic prosperity. Energy consumers need assurances that the fossil fuel transition will not 
be detrimental to their development and meet their energy needs affordably and sufficiently. 
Countries, corporates and communities which currently depend on fossil fuel production need 
alternative pathways to sustainable prosperity. The literature refers to such shifts in underpinning 
views as deep leverage points (Abson et al, 2017).

The second set of strategic challenges concerns the rules of the system – the institutional 
and regulatory context in which the transition occurs. The transition is driven by business and 
household investments, which need a supportive business environment. This means levelling an 
institutional playing field that remains structurally tilted in favour of fossil fuels and defining clear 
regulatory standards to guide behaviour. 

The third set of strategic challenges concerns the mechanics of systems change – the 
management of the transition itself. A successful global transition must progress simultaneously 
on the demand side, with a sharp reduction in fossil fuel use, and on the supply side, with the 
orderly reallocation of capital and labour away from fossil fuels. 

The final set of strategic challenges concerns the design of a new system, that is, the post-
transition fossil fuel sector. The fossil fuel industry emerging from the transition must be net- 
zero-aligned. Economically, this means addressing vanishing economies of scale, for example, in 
gas networks shared by fewer consumers, and economies of scope in refining, where there will be 
fewer marketable products. Environmentally, a growing fraction and eventually all remaining CO2 
emissions from fossil fuels must be captured at source or removed from the atmosphere. 

4.  Revisiting the solutions space
There is no agreement on how these strategic challenges are best addressed. Stakeholders 
approach the fossil fuel transition with diverging world views, which shape their approach towards 
issues such as collaboration strategies, policy preferences, burden-sharing and the endpoint of 
the transition.

Yet for all eight challenges there are tested solutions, which can be adapted and adopted to the 
fossil fuel transition. The main ones are introduced below. Our aim is not to prescribe a specific 
transition model, but to demonstrate that the toolkits are in place to successfully tackle the 
strategic challenges of the fossil fuel transition.  

4.1 Demonstrate clean ways of meeting energy needs

Challenge: There is controversy about the importance of fossil fuels in delivering the Sustainable 
Development Goals, including SDG 7 on universal access to affordable and clean energy. A just 
transition needs to include not just those directly affected by a movement away from fossil fuels, 
but also those already marginalised from the energy system, most of whom live in the Global 
South. 
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Many development indicators are dependent on the ready availability of affordable energy 
(McCollum et al, 2018). Commentators poised against a rapid transition argue that fossil fuels are 
therefore essential for the development prospects of the Global South (Mutezo et al, 2021).

For the fossil fuel transition to advance, an alternative vision to fossil fuel-led development must 
take hold, which recognises that achieving sustainable development requires abundant energy, 
but not fossil fuels specifically. 

Solutions space: This alternative vision is increasingly implemented in practice, and as such 
progressively easy to demonstrate. There are multiple examples of successful clean energy 
transitions, including from Brazil, China and India (Khosla et al, 2020; Bazilian et al, 2012). Solar 
power is booming in countries like Namibia (Kruger, 2022), Pakistan (Sprung et al, 2025) and 
Vietnam (Koons, 2025). Clean energy entrepreneurs are introducing business models specifically 
geared towards boosting electrification, and renewables auctions are attracting ever lower bids 
(IRENA, 2024). Far from slowing down development, a rapid switch to clean energy will in fact 
speed up energy access (Fankhauser et al, 2024; Way et al, 2022).

This vision still needs strengthening before it truly takes hold. Different socio-economic contexts 
will have a bearing on countries’ trajectories towards inclusive development (Mulugetta et 
al, 2022). There is concern about high capital costs slowing down the rollout of renewables 
(Steffen, 2020). Clean energy and clean energy policies can raise social or environmental issues 
too (Murphy et al, 2021), and justice is needed in both fossil fuels and clean energy pathways 
(Newell, 2021). However, energy planners increasingly recognise that renewable energy is a more 
promising route to economic growth and inclusive development than fossil fuels.

4.2  Promote models of economic prosperity without fossil fuels

Challenge: Many countries depend heavily on hydrocarbon products in terms of export revenues, 
government income and overall economic activity. Among the 40 most oil- and gas-dependent 
economies, resource rents stand on average at 14% of GDP and 39% of total government 
revenue (Jensen, 2024). These countries need an alternative route to prosperity.

The challenges faced by nation states are mirrored by the strategic choices of fossil fuel 
companies, many of which are state-owned. Fossil fuel firms have resources and competencies 
that can be leveraged to support new technologies (Kungl, 2024), but attempts at diversification 
have so far been disheartening. Even when there is ambition, the existing often wins out at the 
expense of the new (Nilsen, 2017; Wright et al, 2017).

Solutions space: Economic diversification has long been promoted as an effective strategy 
to reduce resource dependency (Peszko et al, 2020; Foster et al, 2024). There are powerful 
arguments for this path, even in the absence of climate change. Fossil fuel-based models 
of development can generate highly unequal forms of wealth and an overconcentration of 
investment in a single sector. They can encourage authoritarianism, rent seeking and socio-
environmental conflict (Ross, 2015).

The development paths of emerging economies like Malaysia, Mexico and South Korea 
demonstrate the long-term benefits of diversifying away from primary commodity exports (Gelb, 
2012). Crucially, economies with a more complex product mix may also find it easier to switch to 
new forms of low-carbon prosperity (Andres et al, 2023).
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While the benefits of economic diversification are clear, successful examples away from fossil 
fuels are rare. The experience of the Gulf states tells us that progress is possible when there 
are a clear economic strategy and strong institutions (Callen et al, 2014). The success of broad-
based economic policies in countries like Costa Rica, India and Senegal also yields important 
lessons (Delechat et al, 2024). Progress often depends on the willingness of elites to “gamble on 
development” (Dercon, 2022).

Encouraging fossil fuel companies to follow the path of fundamental transition may require a dual 
approach of identifying new opportunities, while offering clear policy guidance and partnerships 
to challenge market incumbents (Kivimaa et al, 2016). Positive examples of fundamental transition 
are include several electric utilities and the Danish energy company Orsted. They required strong 
private- and public-sector leadership and close collaboration between the public and private 
sector (Dzhengiz et al, 2024; George et al, 2024). These positive examples notwithstanding, 
creating models of prosperity independent of fossil fuel wealth is one of the hardest challenges of 
the fossil fuel transition.

4.3  Remove the incumbent advantages of fossil fuels

Challenge: Centuries of economic development moulded around fossil fuels have created 
institutional structures that benefit incumbent technologies. Across legal systems, laws implicitly 
favour fossil fuels. Examples include eminent domain to oil pipeline construction but not for 
transmission to integrate renewables in the US (Coleman et al, 2019); lower due diligence 
requirements for coal mining in India (Srivastav et al, 2023); burdens of proof assuming fossil 
fuels are in the public interest (Rafaty et al, 2020); legal provisions that insulate asset owners 
from transition risks (Wetzer et al, 2024); and international arbitration rules that protect them in 
investor-state disputes (Tienhaara et al, 2022).

Fossil fuel extractors, operators and users rarely shoulder the external social and environmental 
costs, which fossil fuels impose at each step of the supply chain, often on vulnerable communities 
(Ma, 2020; Harfoot et al, 2018; Finkelman et al, 2021). Indeed, many firms do not even bear 
their own internal costs: in 2023, the fiscal cost of government support to fossil fuels was US$ 
1.1. trillion (OECD, 2024). For a faster transition, the playing field between fossil fuels and their 
alternatives must become more level.

Solutions space: Breaking incumbent advantages and reforming energy prices is challenging 
socially as well as politically. While fossil fuel subsidies predominantly benefit high-income groups, 
they can also contribute to important social welfare objectives (Fattouh et al, 2015). However, 
experience with successful energy price reform is growing.

A frequent recommendation is to introduce reforms gradually and integrate them into wider 
economic reform packages. Targeted compensation payments, instead of blanket subsidies, can 
ease the impact on low-income groups. Extensive stakeholder consultation and transparency 
about the impact of price changes are key (Inchauste et al, 2017). The same recommendations 
also apply to carbon pricing, the main policy for making fossil-fuel polluters pay (Klenert et al, 
2018).

Policymakers often favour subsidies over pricing schemes. Levelling the playing field through  
sweeteners is considered easier than removing incumbent advantages outright. Clean energy 
subsidies and de-risking measures like off-take guarantees are deployed to enhance the 
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competitiveness of renewables. Emissions trading systems use free allowances to secure 
the buy-in of industry (Sato et al, 2022). Policymakers will have to decide whether these are 
acceptable, and affordable, departures from the polluter pays principle. Alternatively, fossil fuel 
companies could be made to “own” the CO2 waste disposal problem through extended producer 
responsibilities (Jenkins et al, 2021).

4.4  Set clear corporate standards to guide behaviour

Challenge: The fossil fuel transition relies heavily on the corporate behaviour of individual firms. 
While many companies have adopted net zero targets and plans, their implementation is uneven. 
Most fossil fuel users remain a long way off the necessary benchmarks for transitioning away from 
fossil fuels. Of the 88% of global emissions covered by a national net zero target, just 7% include 
a full or partial phase-out commitment relating to exploring, producing or using fossil fuels (Net 
Zero Tracker, 2024).

Corporate standards and voluntary guidance help to formalise common visions of the future 
and can lead firms through the fossil fuel transition. Companies validated by the Science Based 
Targets Initiative are cutting Scope 1 and 2 emissions faster than their peers by 12% year-on-year 
on average (SBTi, 2023).

However, standards must be strengthened. One-third of net zero standards and guidance do 
not explicitly recommend that companies phase fossil fuels out of operations or investment 
portfolios, and only two provide specific targets and timelines for doing so (Becker et al, 2024). 
Existing standards also contain limited guidance for professional service firms on their operational 
emissions, missing an important accountability lever for the law firms, advertising agencies and 
consulting firms that advise the users and producers of fossil fuels.

On the producer side, frameworks like the International Energy Agency’s emissions guidance and 
the Transition Plan Taskforce’s sectoral guidance exist, but they are insufficiently adopted. Recent 
rollbacks of energy companies’ net zero pledges underscore the limits of voluntary ambition.

Solutions space: Net zero standards are updated constantly and important new standards 
are under development, such as those by the International Organization for Standardization 
(ISO). They should be improved by including stronger requirements on how fossil fuel users and 
enablers engage with the industry.

However, to scale, voluntary standards need to be embedded into policy or non-compliance 
must be challengeable in courts (Benjamin et al, 2022). This is slowly starting to happen. Best 
practices codified in climate standards are increasingly consolidated into regulation (Hale et al, 
2024). Data from the Climate Policy Monitor shows 27 of the 30 jurisdictions mapped adopted 
at least one climate-related standard or guidance document into a policy tool.1 This practice was 
most advanced in regulations related to climate-related disclosure, where 87% of jurisdictions 
referenced a standard and 47% mandated their use.

Mandates are equally critical on the producer side. A science-based net-zero-aligned standard for 
fossil fuel producers would require a complete transformation of business models via operational 
decarbonisation, investment in permanent storage (ultimately reaching 100% of the CO2 
produced and sold in the form of fossil fuels), and managed asset retirement for unextractable 

1	  https://climatepolicymonitor.ox.ac.uk.

https://climatepolicymonitor.ox.ac.uk
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reserves. These are difficult ambitions to achieve and maintain in a competitive globalised market. 
Net zero for the fossil fuel industry will therefore require regulatory mandates.

4.5  Reduce fossil fuel demand 

Challenge: As long as fossil fuel demand remains high, incentives to continue using existing 
supply structures will persist. The transition away from fossil fuels therefore necessitates 
significant demand reduction. Fossil fuel demand can be cut in two ways: by lowering overall 
energy consumption and by limiting the share of fossil fuels in that consumption.  

Both aspects are critical. Continued demand reduction entails investing in the synergies between 
renewable energy, energy efficiency and electrification. The switch from fossil fuels to renewables 
is advancing, but energy efficiency progress is lagging the COP28 pledge to double the global 
average annual rate of energy efficiency improvements by 2030 (IEA, 2024).  

Solutions space: Energy efficiency and renewable energy are perhaps the most studied aspects 
of climate policy. The available policy interventions are well understood and associated challenges 
well-rehearsed. While the solution space is contested, it is rich, and elements of good practice are 
emerging.

Energy efficiency, and more broadly energy sufficiency, is about reducing the amount of energy 
needed to meet given economic development or social welfare objectives (Fawcett et al, 2019). It 
requires systemic changes in energy-use infrastructure, end-use technology, and through socio-
cultural factors. Examples include the use of urban planning (e.g., 15-minutes cities) and modal 
shifts in transportation, improved appliance standards and selected lifestyle changes (Cabeza et 
al, 2022). Most countries with falling carbon emissions, including France, Ireland and the UK, have 
seen a reduction in energy use, contributing about a third to their drop in emissions (Le Quéré 
et al, 2019). This potential is far from being exhausted (Barrett et al, 2022; Millward-Hopkins et al, 
2020), and there are multiple co-benefits, including lower costs and improved energy security.

Reducing the share of fossil fuels in total energy use is in large part about electrification. Power 
generation can become virtually fossil-fuel-free by switching to clean alternatives, such as solar 
and wind. Clean electricity, with appropriate storage, can then be used efficiently to reduce fossil 
fuel use in sectors such as surface transport (through electric vehicles), buildings (heat pumps) 
and parts of industry (green hydrogen, which is electro-intensive to produce). The move away 
from fossil fuels is gathering momentum in electric power and electric surface transport, where 
critical tipping points have been reached. Renewables are now the least-cost energy option in 
most contexts (Way et al, 2022; Nijsse et al, 2023).

Even so, without policy intervention the fall in fossil fuel use is unlikely to be fast enough. 
The evidence tells us that synergistic policy combinations, which address different barriers 
simultaneously, are most successful in reducing fossil fuel demand (Stechemesser et al, 2024; 
van den Bergh et al, 2021). The UK’s experience in phasing out coal-fired power is a case in point. 
The government deployed two carbon price signals, pollution control regulation, clean energy 
subsidies and, at least initially, access to a dedicated green investment bank (Green et al, 2021), 
aided by a steady fall in electricity demand (Climate Change Committee, 2025).
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4.6 Reallocate capital and labour at scale

Challenge: As the fossil fuel value chain downscales, large capital pools and a substantial 
workforce will need to be reallocated. Rigidities in labour and capital markets could substantially 
increase the economic and human costs of the transition. 

The redeployment of fossil fuel workers is particularly challenging. The issue is not primarily job 
numbers; energy-related jobs are expected to grow overall (IRENA, 2020). However, those new 
jobs may be in different locations and require different skills. Studies suggest that green jobs 
demand higher levels of formal education and work experience (Bowen et al, 2018). For a faster 
and fairer transition, structural rigidities must be addressed. 

Solutions space: Easing the workforce transition requires both labour market and social policy 
interventions. Labour mobility and flexible labour markets will allow skilled workers to move into 
adjacent jobs. However, without additional support, the fossil fuel transition could be difficult for 
workers who lack the newly-required capabilities, creating pressure in vulnerable communities 
(Rodríguez-Pose et al, 2024).

There are only a few examples of relatively successful community transitions, such as the Ruhr 
valley in Germany. The Ruhr valley example highlights the need for close collaboration between 
government, industry, labour unions and local communities, as well as active labour policies like 
reskilling programmes, vocational training and job search assistance (Gambhir et al, 2018).

The redeployment of capital is comparatively less challenging. Transition risks (Semieniuk et 
al, 2021) are already understood and priced by some financial institutions. The process is still 
at an early stage, but can be scaled up with well-designed and properly implemented financial 
regulation. This will increase the cost of capital for fossil fuel companies (Zhou et al, 2025), help to 
reduce the risk of stranded assets and protect the stability of the financial system.

Implementation requires the integration of climate-related risks into micro-prudential and macro-
prudential frameworks, financial conduct rules and monetary policy (Campiglio et al, 2018). A 
good example is the Bank of England’s supervisory expectations for banks and insurers in relation 
to climate, which have been replicated across much of the G20. Transparency and measurability 
are key enablers, supported by enhanced climate-related financial disclosures, asset-level data, 
and spatial finance tools (Caldecott et al, 2022).

Some finance providers will respond to changing risk profiles through divestment. While this 
may restrict access to capital, there is also a risk that assets are merely transferred, rather than 
transitioned, and perhaps to less committed owners (Armour et al, 2022). To avoid such “paper 
decarbonisation”, financial products and services must incentivise change through shareholder 
engagement and transition finance. Instruments such as sustainability-linked bonds and loans 
that tie favourable financial terms to measurable sustainability outcomes can drive change. Legal 
provisions can protect transition progress after an ownership change (Armour et al, 2023).

Governments will have to decide whether to absorb part of the losses from stranded fossil-fuel 
assets by, for instance, subsidising closures, taking on remediation liabilities or funding worker- 
and community-support programmes. Germany’s lignite phase-out deal (Popp, 2023) shows 
how the burden can be cascaded so investors take the first hit and public money secures wider 
social benefits. Operators wrote down plant values by roughly half, but federal compensation 
was released for lost earnings and is used for worker redeployment, mine-land clean-up and 
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regional diversification. South Africa’s Just Energy Transition Investment Plan applies a similar logic 
(Presidential Climate Commission, 2025).

4.7 Manage vanishing economies of scale and scope

Challenge: The ubiquitous use of fossil fuels has given rise to significant economies of scale and 
scope. Large production volumes have created relatively low average refining and distribution 
costs. Faced with declining demand, these benefits will reduce and require a re-evaluation of the 
industry’s business models. 

The natural gas sector exemplifies the diminishing economies of scale facing fossil fuels. As gas 
demand falls, the fixed network costs will need to be allocated over smaller volumes, creating a 
feedback loop that further dampens demand (Hickey et al, 2019).

The refining industry will experience significant shifts in economies of scope. Refineries have 
increased their profitability by adopting complex processes that deliver a range of higher-
value products, including jet fuel and petrochemical feedstocks (IEA, 2018). With the increasing 
electrification of surface transport, the product mix of refineries will become reliant on a few 
higher-value products, which themselves could eventually be substituted by plant-based and 
synthetic alternatives (Vidal et al, 2024). 

Solutions space: Structural change in the fossil fuel sector should be market-led. The industry 
has a long history of adapting to market and technology trends, for example the UK’s rapid move 
out of town gas (Pearson et al, 2017).

Natural gas network operators can respond by focusing on the business-to-business sector of 
power generation and certain industrial applications, alongside CCS, leveraging existing sunk 
infrastructure while decommissioning much of the distribution network. Gas transportation 
systems with smaller-scale LNG units closer to end-users offer a more flexible delivery model that 
obviates long-lived pipeline infrastructure investments (Budiyanto et al, 2020).

The refining sector will have to reconfigure existing facilities for narrower product mixes or bio-
based products (Fitzgibbon et al, 2023). The most efficient refineries with the lowest emissions 
may survive the longest in their current form, but the need for complex fossil-based refineries will 
fade. Simpler refineries may be better candidates for retrofits and can serve market niches such 
as jet fuel, alongside purpose-built biorefineries.

Governments can accelerate this industry-led transition and mitigate its distributional impacts 
(e.g. on heating costs), by removing incentives for grid expansion (e.g. through bans on 
new gas boilers), introducing compensation mechanisms for network disconnections and 
decommissioning, and shortening depreciation periods for network assets to align with climate 
targets. Policy combinations that raise fuel standards, ban new petrol and diesel car sales, and 
reduce demand for petrochemical products (e.g. plastics), as seen in California, could hasten 
industry consolidation. 
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4.8 Clean up residual carbon 

Challenge: Any continued fossil fuel use beyond net zero will require the capture and permanent 
storage of associated CO2 either at the point of fossil fuel combustion (thus preventing emissions 
to the atmosphere) or from the ambient atmosphere (generating removals to counterbalance 
emissions). The fossil fuel transition must therefore be accompanied by a large-scale expansion of 
permanent, most likely geological, CO2 storage (Achakulwisut et al, 2023). 

Building a CO2 storage industry at the required scale and speed is expensive. It requires 
infrastructure and skills, including knowledge of storage potential and the ability to access it. The 
fossil fuel industry is well placed to provide this and should be mandated or incentivised to do so.

Solutions space: The carbon removal market will not scale without government intervention.  
The polluter pays principle suggests that the costs of CO2 storage should be borne by fossil 
fuel producers and consumers. However, there are multiple market failures and externalities 
that call for state intervention, for example related to innovation, shared infrastructure, and 
environmental, health and safety regulation. Governments also have to decide to what extent 
they should support cost reductions in the short term (e.g., until carbon prices match removal 
costs).

Policymakers are starting to explore different regulatory options, typically building on existing 
policy designs (Arlinghaus et al, 2025). The US under the Biden administration offered tax rebates 
under Section 45Q of the Internal Revenue Code. Sweden has held its first reverse auction for 
bio-CCS. The UK plans to support carbon dioxide removal through contracts-for-difference 
and integration into its emissions trading system. Extended producer responsibilities, such 
as a “carbon takeback obligation” (Jenkins et al, 2021), would mandate fossil fuel producers to 
sequester some, and ultimately all, the carbon contained in their product. An early move towards 
this was made in the EU Net Zero Industry Act.

The scale-up of carbon storage is undeniably challenging, but with well-structured policies, the 
fossil fuel industry may fall in line. Geological CO2 storage not only addresses its own carbon 
footprint, but offers diversification into an activity that will increasingly be needed. However, even 
with strong policy support, the scale and speed at which carbon storage can be deployed remain 
too limited to offset continued, unrestricted fossil fuel production and use (Stuart-Smith et al, 
2023).

5. Conclusions
In 2025 fossil fuel-related CO2 emissions reached a record high (Friedlingstein et al 2025). Global 
mean temperatures over the past three years (2023–2025) have averaged more than 1.5°C above 
the pre-industrial level for the first time (ECMWF, 2026). The two records underline the critical 
urgency of transitioning away from fossil fuels.

Yet the position of fossil fuels may be more tenuous than the two statistics suggest. Some of 
the structural factors that underpin the dominance of fossil fuels are weakening, not least their 
control over energy supply options. A concerted effort to tackle a small number of strategic 
challenges can advance the fossil fuel transition decisively. For all of them, we identify concrete 
interventions, which are ready to be deployed and scaled.
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With the right set of interventions, it is possible to see how the fossil fuel transition can be 
concluded successfully. Critical to any effective strategy is a structural reduction in the demand 
for fossil fuels. In power generation and surface transport the shift away from fossil fuels is well 
on its way, and a determined push will make it all but irreversible. The economics will continue 
to shift in favour of clean energy, not just due to its relentless fall in costs, but also because fossil 
fuels will lose their economies of scale and scope. Guided by clear corporate standards, ideally 
mandatory or enforceable in the courts, the demand for fossil fuels could fall rapidly. 

If incentivised by pertinent regulation, capital providers will respond swiftly to this new reality, and 
the redirection and repricing of capital will further accelerate the transition. The redeployment 
of workers is harder and will require flexible labour markets, as well as targeted support for 
vulnerable communities. Carbon storage requirements can advance the transition by internalising 
climate costs and opening up new business opportunities. They are also essential for the 
environmental integrity of remaining fossil fuel use.

There are factors that may slow down these dynamics, not least the heavy reliance on fossil fuel 
revenues by many countries and a playing field that remains structurally tilted in favour of fossil 
fuels. Even small progress in these areas will make a difference. 

The future of fossil fuels remains controversial and is caught up in intensifying geopolitical 
competition. Alternative models of prosperity are emerging and must be promoted more 
forcefully. A shared global vision, around which different viewpoints can coalesce, is urgently 
needed. 

In pursuing the fossil fuel transition the concern must be with socio-economic outcomes and the 
welfare of affected people. Played well, the fossil fuel transition can maintain economic prosperity, 
while addressing inter- and intragenerational equity concerns. The fate of individual companies 
is a commercial issue: forward-looking firms will thrive and laggards will perish, as is the wont of 
dynamic markets.



18

References
Abson, D.J., Fischer, J., Leventon, J., Newig, J., Schomerus, T., Vilsmaier, U., Von Wehrden, H., 

Abernethy, P., Ives, C.D., Jager, N.W. and Lang, D.J., 2017. Leverage points for sustainability 
transformation. Ambio, 46, pp.30-39.

Achakulwisut, P., Erickson, P., Guivarch, C. et al. 2023. Global fossil fuel reduction pathways under 
different climate mitigation strategies and ambitions, Nature Communications 14, p. 5425.

Allen, M.R., Friedlingstein, P., Girardin, C.A., Jenkins, S., Malhi, Y., Mitchell-Larson, E., Peters, 
G.P. and Rajamani, L., 2022. Net zero: science, origins, and implications. Annual Review of 
Environment and Resources, 47(1), pp.849-887.

Andres, P., Mealy, P., Handler, N. and Fankhauser, S., 2023. Stranded nations? Transition risks and 
opportunities towards a clean economy. Environmental Research Letters, 18(4), p.045004.

Arlinghaus, J., Feng, S., Stemmler, J., Smith, S., and Fankhauser, S. 2025. A taxonomy of policies to 
support carbon dioxide removal. Smith School for Enterprise and the Environment, University 
of Oxford

Armour, J., Enriques, L. and Wetzer, T., 2022. Dark and dirty assets: greening climate-driven asset 
partitioning. Faculty of Law Blogs, University of Oxford.

Armour, J., Enriques, L. and Wetzer, T., 2023. Green Pills: Making Corporate Climate Commitments 
Credible. Arizona Law Review., 65, p.285.

Barrett, J., Pye, S., Betts-Davies, S., Broad, O., Price, J., Eyre, N., Anable, J., Brand, C., Bennett, 
G., Carr-Whitworth, R. and Garvey, A., 2022. Energy demand reduction options for meeting 
national zero-emission targets in the United Kingdom. Nature Energy, 7(8), pp.726-735.

Bazilian, M., Nussbaumer, P., Eibs-Singer, C., Brew-Hammond, A., Modi, V., Sovacool, B., Ramana, 
V. and Aqrawi, P.K., 2012. Improving access to modern energy services: insights from case 
studies. The Electricity Journal, 25(1), pp.93-114.

Becker, M., McGivern, A., Axelsson, K., Buytaert, M., Collete, M., Kamenkovich, N.,Thorn, J. and Lee, 
B. 2024. Governing Net Zero: assessing convergence and gaps in the voluntary standards and 
guidelines landscape. Oxford Net Zero, University of Oxford.

Benjamin, L., Bhargava, A., Franta, B., Martínez Toral, K., Setzer, J. and Tandon, A., 2022. Climate-
washing litigation: legal liability for misleading climate communications. CSSN Research Report 
2022:1. Climate Change Social Science Network.

Bowen, A., Kuralbayeva, K. and Tipoe, E. L. 2018. ‘Characterising green employment: The impacts 
of ’greening’on workforce composition’, Energy Economics, 72, pp. 263–275.

Budiyanto, M.A., Riadi, A., Buana, I.S. and Kurnia, G., 2020. Study on the LNG distribution to mobile 
power plants utilizing small-scale LNG carriers. Heliyon, 6(7) e04538.



19

Cabeza, L. F., Q. Bai, P. Bertoldi, J.M. Kihila, A.F.P. Lucena, É. Mata, S. Mirasgedis, A. Novikova, Y. 
Saheb, 2022: “Buildings”. In IPCC, 2022. Climate Change 2022: Mitigation of Climate Change. 
Contribution of Working Group III to the Sixth Assessment Report of the Intergovernmental Panel 
on Climate Change. Cambridge University Press, Cambridge, UK.

Caldecott, B., McCarten, M., Christiaen, C., and Hickey, C. 2022. Spatial finance: practical and 
theoretical contributions to financial analysis. Journal of Sustainable Finance & Investment, 
1–17.

Callen, M.T., Cherif, R., Hasanov, F., Hegazy, M.A. and Khandelwal, P., 2014. Economic diversification 
in the GCC: Past, present, and future. International Monetary Fund.

Campiglio, E., Dafermos, Y., Monnin, P., Ryan-Collins, J., Schotten, G. and Tanaka, M., 2018. Climate 
change challenges for central banks and financial regulators. Nature Climate Change, 8(6), 
pp.462-468.

Climate Change Committee. 2025. Progress in reducing emissions. Report to Parliament, June.

Coleman, J.W. and Klass, A.B., 2019. Energy and Eminent Domain. Minnesota Law Review, 104, 
p.659.

Delechat, C.C., Melina, G., Newiak, M., Papageorgiou, C. and Spatafora, N., 2024. Economic 
Diversification in Developing Countries: Lessons from Country Experiences with Broad-Based and 
Industrial Policies. International Monetary Fund, Washington DC.

Dercon, S., 2022. Gambling on development. Hurst Publishers.

Dzhengiz, Tulin, Leona A. Henry, and Khaleel Malik. 2024. The role of partnership portfolios for 
sustainability in addressing the stability-change paradox: Dong/Orsted’s transition from fossil 
fuels to renewables. Business & Society 63(7), pp. 1518-1557.

ECMWF. 2025. Copernicus: 2025 was the third hottest year on record. Global Climate Highlights 
2025, European Centre for Medium-Range Weather Forecasts, Bologna and Bonn. 

Fankhauser, S., Agnelli, L., Khushnud, F., Kukeera, T., Niedermayer, M., Valenzuela, J.M., Brophy, A., 
Sousa, J., and Trotter, P. 2024. The Renewable Energy Entrepreneurs of the Global South, Smith 
School of Enterprise and the Environment, University of Oxford.

Farmer, J.D., Hepburn, C., Ives, M.C., Hale, T., Wetzer, T., Mealy, P., Rafaty, R., Srivastav, S. and Way, 
R., 2019. Sensitive intervention points in the post-carbon transition. Science, 364(6436), 132-
134.

Fattouh, B. and L. El-Katiri, 2015. A brief political economy of energy subsidies in the Middle East 
and North Africa. Oxford Institute for Energy Studies, Oxford.

Fawcett, T. and Darby, S. 2019. Energy sufficiency in policy and practice: the question of needs and 
wants. European Council for an Energy Efficient Economy, June.



20

Ferns, G., and Amaeshi, K. 2019. Fueling Climate (In)Action: How organizations engage in 
hegemonization to avoid transformational action on climate change. Organization Studies. 
https://doi.org/10.1177/0170840619855744

Finkelman, R.B., Wolfe, A. and Hendryx, M.S., 2021. The future environmental and health impacts 
of coal. Energy Geoscience, 2(2), pp.99-112.

Fitzgibbon, T. Nariman, K. and Roth, B. 2023. Converting refineries to renewable fuels: No simple 
switch. McKinsey & Company. https://www.mckinsey.com/industries/oil-and-gas/our-insights/
converting-refineries-to-renewable-fuels-no-simple-switch

Foster, V., et al., 2024. Development transitions for fossil fuel-producing low and lower–middle 
income countries in a carbon-constrained world. Nature Energy, 9(3), p. 242-250.

Franta, B., 2022. Weaponizing economics: Big Oil, economic consultants, and climate policy delay. 
Environmental Politics, 31(4), pp.555-575.

Friedlingstein, P., O’Sullivan, M., Jones, M.W., Andrew, R.M., Bakker, D.C., Hauck, J., Landschützer, P., 
Le Quéré, C., Li, H., Luijkx, I.T. and Peters, G.P., 2025. Global carbon budget 2025. Earth System 
Science Data Discussions, 2025.

Fries, S., 2021. Transforming energy systems: Economics, policies and change. Edward Elgar 
Publishing.

Gambhir, A., Green, F. and Pearson, P. J. G. 2018. Towards a just and equitable low-carbon energy 
transition, Grantham Institute Briefing Paper 26, Imperial College London.

Geels, F. W., Sovacool, B. K., Schwanen, T., and Sorrell, S. 2017. The socio-technical dynamics of 
low-carbon transitions. Joule, 1(3), 463–479.

Gelb, A.H., 2012. “Economic diversification in resource-rich countries”. In Sy, A.N., Arezki, R. 
and Gylfason, T., eds. Beyond the curse: policies to harness the power of natural resources. 
International Monetary Fund.

George, G., Fewer, T.J., Lazzarini, S., McGahan, A.M. and Puranam, P., 2024. Partnering for grand 
challenges: A review of organizational design considerations in public–private collaborations. 
Journal of Management, 50(1), pp.10-40.

Green, R. and Staffell, I., 2021. The contribution of taxes, subsidies, and regulations to British 
electricity decarbonization. Joule, 5(10), pp.2625-2645.

Hale, T., Wetzer, T., Abebe, S.K., Allen, M., Amel-Zadeh, A., Armour, J., Axelsson, K., Caldecott, B., 
Dias, L., Fankhauser, S. and Franta, B., 2024. Turning a groundswell of climate action into 
ground rules for net zero. Nature Climate Change, 14(4), pp.306-308.

Harfoot, M.B., Tittensor, D.P., Knight, S., Arnell, A.P., Blyth, S., Brooks, S., Butchart, S.H., Hutton, J., 
Jones, M.I., Kapos, V. and Scharlemann, J.P., 2018. Present and future biodiversity risks from 
fossil fuel exploitation. Conservation Letters, 11(4), p.e12448.

https://doi.org/10.1177/0170840619855744
https://www.mckinsey.com/industries/oil-and-gas/our-insights/converting-refineries-to-renewable-fuels-no-simple-switch
https://www.mckinsey.com/industries/oil-and-gas/our-insights/converting-refineries-to-renewable-fuels-no-simple-switch


21

Healy, Noel, Jennie C. Stephens, and Stephanie A. Malin. 2019. Embodied energy injustices: 
Unveiling and politicizing the transboundary harms of fossil fuel extractivism and fossil fuel 
supply chains. Energy Research and Social Science 48: 219-234.

Hickey, C., Deane, P., McInerney, C. and Gallachóir, B.Ó., 2019. Is there a future for the gas 
network in a low carbon energy system?. Energy Policy, 126, pp.480-493.

IEA. 2018. The Future of Petrochemicals Towards more sustainable plastics and fertilisers. 
International Energy Agency, Paris.

IEA. 2024. Coal Mid-year Update. International Energy Agency, Paris.

IEA. 2024. Energy Efficiency 2024, International Energy Agency, Paris

IEA. 2024. Oil Market Report - November 2024. International Energy Agency, Paris.

IEA.2024. Global Gas Security Review. International Energy Agency, Paris.

Inchauste, G., and Victor, D. G. (Eds.). 2017. The political economy of energy subsidy reform. World 
Bank, Washington DC.

IPCC, 2021. “Summary for Policymakers”. In: Climate Change 2021: The Physical Science Basis. 
Contribution of Working Group I to the Sixth Assessment Report of the Intergovernmental Panel 
on Climate Change, Cambridge University Press, Cambridge, UK.

IRENA. 2020. Measuring the socio-economics of transition. Focus on jobs. International Renewable 
Energy Agency, Abu Dhabi.

IRENA. 2024. Renewable Power Generation Costs in 2023. International Renewable Energy Agency, 
Abu Dhabi.

Jenkins, S., Mitchell-Larson, E., Ives, M.C., Haszeldine, S., and Allen, M. 2021. Upstream 
decarbonization through a carbon takeback obligation: An affordable backstop climate policy. 
Joule, 5(11), 2777–2796.

Jensen, L., 2024. The economic and fiscal transition costs of global climate mitigation in fossil fuel 
export dependent economies. Resources Policy, 96, p. 105234.

Khosla, R., Kamat, A.S. and Narayanamurti, V. 2020. Successful clean energy technology transitions 
in emerging economies: learning from India, China, and Brazil. Progress in Energy, 2(4), 
p.043002.

Kivimaa, P. and Kern, F., 2016. Creative destruction or mere niche support? Innovation policy 
mixes for sustainability transitions. Research Policy, 45(1), pp.205-217.

Klenert, D., Mattauch, L., Combet, E., Edenhofer, O., Hepburn, C., Rafaty, R. and Stern, N., 2018. 
Making carbon pricing work for citizens. Nature Climate Change, 8(8), pp.669-677.



22

Koons, E. 2025. Vietnam’s Solar Energy Boom: Lighting Up the Future. Energy Tracker Asia.

Kruger, W., 2022. A quiet transition: The role of Namibia’s state-owned power utility in the 
renewable energy auction program. Utilities Policy, 78, p.101392.

Kungl, G., 2024. Challenges of the current discourse on incumbent firms in sustainability 
transitions. Energy Research & Social Science, 108, p.103367.

Lamb WF, Mattioli G, Levi S, et al. Discourses of climate delay. Global Sustainability. 2020;3:e17, 
1-5.

Le Quéré, C., Korsbakken, J.I., Wilson, C., Tosun, J., Andrew, R., Andres, R.J., Canadell, J.G., Jordan, A., 
Peters, G.P. and van Vuuren, D.P., 2019. Drivers of declining CO2 emissions in 18 developed 
economies. Nature Climate Change, 9(3), pp.213-217.

Lenferna, G.A., 2018. Can we equitably manage the end of the fossil fuel era?. Energy Research & 
Social Science, 35, pp.217-223.

Ma, L., 2020. Mapping the clean air haves and have-nots. Science, 369(6503), pp.503-504..

McCollum, D.L., Echeverri, L.G., Busch, S., Pachauri, S., Parkinson, S., Rogelj, J., Krey, V., Minx, J.C., 
Nilsson, M., Stevance, A.S. and Riahi, K., 2018. Connecting the sustainable development goals 
by their energy inter-linkages. Environmental Research Letters, 13(3), p.033006.

McGlade, C., and Ekins, P. 2015. The geographical distribution of fossil fuels unused when limiting 
global warming to 2 C. Nature, 517(7533), 187-190.

Meadows, D., 1999. Leverage points-places to intervene in a system. The Sustainability Institute, 
Hartland VT.

Millward-Hopkins, J., Steinberger, J.K., Rao, N.D. and Oswald, Y., 2020. Providing decent living with 
minimum energy: A global scenario. Global Environmental Change, 65, p.102168.

Mulugetta, Y., Sokona, Y., Trotter, P.A., Fankhauser, S., Omukuti, J., Somavilla Croxatto, L., Steffen, 
B., Tesfamichael, M., Abraham, E., Adam, J.P. and Agbemabiese, L., 2022. Africa needs context-
relevant evidence to shape its clean energy future. Nature Energy, 7(11), pp.1015-1022.

Murphy, L. and Elimä, N., 2021. In Broad Daylight: Uyghur Forced Labour and Global Solar Supply. 
Helena Kennedy Centre for International Justice, Sheffield Hallam University.

Mutezo, G. and J. Mulopo, 2021. A review of Africa’s transition from fossil fuels to renewable 
energy using circular economy principles. Renewable and Sustainable Energy Reviews, 137,p. 
110609

Muttitt, G. and Kartha, S., 2020. Equity, climate justice and fossil fuel extraction: principles for a 
managed phase out. Climate Policy, 20(8), pp.1024-1042.

Net Zero Tracker. 2024. Net Zero Stocktake 2024. NewClimate Institute, Oxford Net Zero, Energy 
and Climate Intelligence Unit and Data-Driven EnviroLab.



23

Newell, P., 2021. Power shift: The global political economy of energy transitions. Cambridge 
University Press.

Nijsse, F.J., Mercure, J.F., Ameli, N., Larosa, F., Kothari, S., Rickman, J., Vercoulen, P. and Pollitt, H., 
2023. The momentum of the solar energy transition. Nature Communications, 14(1), p.6542.

Nilsen, T. 2017. Innovation from the inside out: Contrasting fossil and renewable energy pathways 
at Statoil. Energy Research & Social Science, 28, pp. 50–57

OECD. 2024. OECD Inventory of Support Measures for Fossil Fuels 2024: Policy Trends up to 2023, 
Organization for Economic Cooperation and Development, Paris,

Pearson, Peter JG, and Stathis Arapostathis. “Two centuries of innovation, transformation and 
transition in the UK gas industry: Where next?.” Proceedings of the Institution of Mechanical 
Engineers, Part A: Journal of Power and Energy 231, no. 6 (2017): 478-497.

Peszko, G., Van Der Mensbrugghe, D., Golub, A., Ward, J., Zenghelis, D., Marijs, C., Schopp, A., 
Rogers, J. and Midgley, A., 2020. Diversification and cooperation in a decarbonizing world: 
Climate strategies for fossil fuel-dependent countries. World Bank, Washington DC.

Pfeiffer, A., Hepburn, C., Vogt-Schilb, A., and Caldecott, B. 2018. Committed emissions from 
existing and planned power plants and asset stranding required to meet the Paris Agreement. 
Environmental Research Letters, 13(5), 054019.

Popp, R. 2023. Germany on track to exit coal, E3G, London, April.

Presidential Climate Commission. 2025. South Africa’s Just Energy Transition Investment Plan. 
https://www.climatecommission.org.za/south-africas-jet-ip.

Rafaty, R., Srivastav, S. and Hoops, B., 2020. Revoking coal mining permits: an economic and legal 
analysis. Climate Policy, 20(8), pp.980-996.

Rodríguez-Pose, A. and Bartalucci, F., 2024. The green transition and its potential territorial 
discontents. Cambridge Journal of Regions, Economy and Society, 17(2), pp.339-358.

Ross, M.L., 2015. What have we learned about the resource curse? Annual Review of Political 
Science, 18(1), 239-259.

Sato, M., Rafaty, R., Calel, R. and Grubb, M., 2022. Allocation, allocation, allocation! The political 
economy of the development of the European Union Emissions Trading System. Wiley 
Interdisciplinary Reviews: Climate Change, 13(5), p.e796.

SBTi. 2023. The SBTi Technical Response: Corporate Climate Responsibility Monitor 2023 Report, 
Science-based Targets Initiative, February.

SEI, Climate Analytics, E3G, IISD, and UNEP. 2023. The Production Gap: Phasing down or phasing 
up? Top fossil fuel producers plan even more extraction despite climate promises.

https://www.climatecommission.org.za/south-africas-jet-ip


24

Semieniuk, G., Campiglio, E., Mercure, J.F., Volz, U. and Edwards, N.R., 2021. Low-carbon transition 
risks for finance. Wiley Interdisciplinary Reviews: Climate Change, 12(1), p.e678.

Sprung, C. S. and Khan, I. 2025.Pakistan is experiencing a solar power boom. Here’s what we can 
learn from it. World Economic Forum.

Srivastav, S. and Singh, T., 2023. Greening our laws: Revising land acquisition law for coal mining in 
India. Economic and Political Weekly. Nov 57 (no.46).

Stechemesser, A., Koch, N., Mark, E., Dilger, E., Klösel, P., Menicacci, L., Nachtigall, D., Pretis, F., 
Ritter, N., Schwarz, M. and Vossen, H., 2024. Climate policies that achieved major emission 
reductions: Global evidence from two decades. Science, 385(6711), pp.884-892.

Steffen, B., 2020. Estimating the cost of capital for renewable energy projects. Energy Economics, 
88, p.104783.

Stuart-Smith, R.F., Rajamani, L., Rogelj, J. and Wetzer, T., 2023. Legal limits to the use of CO2 
removal. Science, 382(6672), pp.772-774.

Tienhaara, K., Thrasher, R., Simmons, B.A. and Gallagher, K.P., 2022. Investor-state disputes 
threaten the global green energy transition. Science, 376(6594), pp.701-703.

UNFCCC. 2023. Outcome of the first global stock take. Decision 1/CMA.5, UN Framework 
Convention on Climate Change, Bonn.

van Asselt, H. and Green, F., 2023. COP26 and the dynamics of anti-fossil fuel norms. Wiley 
Interdisciplinary Reviews: Climate Change, 14(3), p.e816.

van den Bergh, J.C.J.M., Castro, J., Drews, S., Exadaktylos, F., Foramitti, J., Klein, F., Konc, T. and Savin, 
I., 2021. Designing an effective climate-policy mix: accounting for instrument synergy. Climate 
Policy, 21(6), pp.745-764.

Vidal, F., van der Marel, E. R., Kerr, R. W., McElroy, C., Schroeder, N., Mitchell, C., ... & Williams, C. 
K. 2024. Designing a circular carbon and plastics economy for a sustainable future, Nature, 
626(7997), 45-57.

Way, R., Ives, M.C., Mealy, P. and Farmer, J.D., 2022. Empirically grounded technology forecasts and 
the energy transition. Joule, 6(9), pp.2057-2082.

Welsby, D., Price, J., Pye, S. et al. 2021. Unextractable fossil fuels in a 1.5 °C world. Nature 597, pp. 
230–234.

Wetzer, T., Stuart-Smith, R. and Dibley, A., 2024. Climate risk assessments must engage with the 
law. Science, 383(6679), pp.152-154.

Wright, C., and Nyberg, D. 2017. An Inconvenient Truth: How Organizations Translate Climate 
Change into Business as Usual. Academy of Management Journal, 60(5), pp. 1633–1661.



25

Zhou, X. Y., Caldecott, B., Shrimali, G., and Zhang, H. (2025). An empirical analysis of climate and 
environmental policy risk, the cost of debt and financial institutions’ risk preferences. Energy 
Economics, 144, 108323.



26


	_GoBack
	_Hlk202194787
	_Hlk202194682

