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ABSTRACT ARTICLE HISTORY
Managing a to-date insufficient transition to low carbon Received 8 April 2024
development has proved problematic, with energy crises creating Revised 24 October 2024
tensions between energy security and economic growth and the Accepted 25 October 2024
avoidance of climate disaster. Drastic reductions in carbon

L . . . . " KEYWORDS
emissions imply creative destruction affecting an existing carbon- Energy and climate; creative
intensive model of development, but accelerated obsolescence of destruction; geoeconomic
existing capital stock reduces energy supply and may adversely and geopolitical risk; carbon
affect energy security. This double-sided problem is called an footprint; ecological
energy dilemma: the existence of a tension between providing civilization
secure, reliable and affordable energy, while reducing negative
environmental impacts of the use of fossil fuels. A solution
requires a major compensating investment push and adoption of
new development paths that adequately address the quantity
and stability of energy supply, while respecting climate
constraints and the development needs of less developed
countries. This challenge is interpreted in the light of a succession
of industrial revolutions and geoeconomic and geopolitical
circumstances. A case is made for an approach that rests not on a
market-rational, liberal state but rather on a developmental, or
plan-rational, state employing a range of planning, regulatory and
market instruments, new modernization paths (“ecological
civilization”), “establishing the new before breaking the old,” and
cooperation among sovereign states in a new multipolar order.

1. Introduction

In these turbulent times questions concerning the relations between the human
occupation of the surface of planet Earth and climate-energy-land systems are some of
the most significant for human survival. In 2015 Rockstréom, Klum, and Miller (2015,
60-61) identified specific metrics for biophysical limits outside of which the earth system
might flip into a possibly undesirable state. These limits echo the Malthusian idea, also
embodied in the 1972 report of the Club of Rome (Meadows et al. 1972), that there are

CONTACT Michael Dunford 8 m.f.dunford@sussex.ac.uk

© 2025 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License
(http://creativecommons.org/licenses/by-nc-nd/4.0/), which permits non-commercial re-use, distribution, and reproduction in any
medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way. The terms on which
this article has been published allow the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.


http://crossmark.crossref.org/dialog/?doi=10.1080/21598282.2025.2448920&domain=pdf&date_stamp=2025-04-01
http://orcid.org/0000-0002-0028-3130
http://orcid.org/0000-0003-1136-6270
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:m.f.dunford@sussex.ac.uk
http://www.tandfonline.com

INTERNATIONAL CRITICAL THOUGHT . 77

absolute “planetary limits” and a pre-determined demographic “carrying capacity” that, if
surpassed, will potentially cause ecological/societal collapse.

Any limits are, however, relative to modes of production and consumption and ways
of life and are perhaps better conceived as circumstance-dependent metabolic rifts (Bur-
kett 1999; Foster 1999): disruptions and disharmonies in the metabolic relationships
between people and an evolving natural world indispensable for human life. At present
these disruptions are consequences of models of development centred on an ever-
increasing accumulation of capital, wide inequalities within and between societies and
wasteful and unsustainable mass production and consumption.

Of these limits most attention has been paid to climate and associated land system
changes, especially with the establishment in 2015 of the Paris climate change goals.
Achieving these goals has, however, proved deeply problematic, with countries falling
far short of near-term targets (United Nations Framework Convention on Climate
Change [UMFCCC] 2023a, 2023b).

In this review article the character and scale of the climate crisis (section 2.1), the main
policy goals (section 2.2) and the drivers of a green transition required to reach these tar-
gets (section 2.3) are outlined, drawing on several databases, as a preface to a consider-
ation in section 3 of three factors that significantly shape current trends: an underlying
energy dilemma (Bradshaw 2010) and the difficulties confronting what would amount to
a new industrial revolution and a new international order. Section 4 examines a number
of aspects of solutions involving a transformation of ways of life along modernization
paths entailing a radical restructuring of relationships between people, land and nature.
Section 5 concludes.

2. Climate, Carbon Emissions and Climate Policies

As a result of a strong and rapid warming of the planet’s atmosphere, ocean, land and
cryosphere, in 2020 average land-ocean surface temperature was nearly 1.3 degrees Cel-
sius higher than in 1850, with most of the increase occurring in the last forty years
(figure 1). Temperatures vary widely across space and time, but large average increases
can only derive from a very significant increase in accumulated heat: the amount of sun-
light that the earth absorbs compared with the amount it radiates back into outer space.

Climate variation over an extended time-period derives from changes in the atmos-
phere and the way it interacts with variations in solar radiation, orbital variation (orbital
eccentricity, the directional focus of earth’s axis of rotation and axial tilt) and in other
aspects of the earth system: geological and geographical characteristics, atmospheric
chemistry, and vegetation distribution and characteristics.

To explain recent changes, mechanisms that generate short-term changes must be at work.
In this respect scientists have noted that a strong warming process has occurred alongside dra-
matic increases in atmospheric CO, and other greenhouse gases (GHG) (figure 1).! This
relationship is consistent with the historical record: in the 8,300 years from the last Ice Age
(about 20,000 years ago) to the start of the Holocene, the levels of CO, increased from
about 0.018 percent to about 0.026 percent (180 to 260 parts per million), increasing further
to about 0.028 percent (280 parts per million) until just 200 years ago. Today it has risen from
this pre-industrial level to over 0.04 percent (400 parts per million). This level seems small, but
its effect is considerable.
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Greenhouse gas molecules—carbon dioxide (CO,), methane (CH,), nitrous oxide (N,0O),
and several fluorinated gases including chlorofluorocarbons (CFCs)—affect the earth’s
energy budget by absorbing infrared radiation emitted from the earth’s surface and reradiat-
ing it back to the surface. Carbon is added by natural events such as the decomposition of
plants, and is also emitted by volcanic and seismic events. The most important sources
are, however, thought to be human activities, including fossil-fuel (coal, oil and gas) combus-
tion and land-use change, especially deforestation, along with cement production. Methane is
the second largest contributor, and is released through rice cultivation, animal husbandry
and landfill, while industrial processes release chlorofluorocarbons. Conversely, carbon is
removed by sinks, such as living plants, soils, wetlands and oceans, that convert CO, into
organic or inorganic carbon compounds (figure 2 and Friedlingstein et al. 2023). Each
year carbon emissions add to the atmosphere about 11 billion tonnes (just over 40 billion
tonnes of CO,) more than natural processes can remove.

2.1. Emissions: Historical Responsibilities and Sectoral Contributions

Global emissions increased steadily from the 1860s up to the 1929 United States (US) stock
market crash, and accelerated with reconstruction and formal decolonization after the
Second World War (figure 1). In 1956 the US and European Union (EU27) accounted
for 60 percent of the world total. From the mid-1970s, Chinese emissions increased very
strongly, accelerating after 2000 to make the largest contribution today (31 percent in 2022).

Chinese emissions reflect its large population and Chinese production of goods and
services consumed in many other parts of the world: in 2022 its per capita emissions
were 8.0 tonnes/person versus 6.2 tonnes in the EU27 and 15.0 in the US, while in
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Figure 1. Near Surface Temperature and Carbon Dioxide Emissions, 1850-2020.

Sources: Elaborated by the authors from HADKUT5 temperature data (https://crudata.uea.ac.uk/cru/data/temperature/)
and Global Carbon Budget CO, data (https://globalcarbonbudget.org/carbonbudget/).
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Figure 2. Global Carbon Budget: Emissions and Removals of CO..
Source: Elaborated by the authors from carbon budget CO, data (https://globalcarbonbudget.org/carbonbudget/).

2021 its annual consumption-related emissions were 7.2 tonnes per person compared
with 7.9 in the EU27 and 16.5 in the US (Our World in Data 2024).

Most striking, however, were cumulative emissions per capita (figure 3). Compared
with a global average of 222.3, the score for the US was 1,262.0, and for the United King-
dom was 1,167.8. By contrast, the scores for China (182.8) and India (42.2) were much
lower.

These differences indicate that responsibilities differ widely and point to the unfair-
ness of any claim that developing countries should sacrifice their development and pov-
erty elimination goals, with their implications for energy needs and technology transfer,
to enable the world to achieve climate goals and developed capitalist countries to escape
responsibility for their devastating cumulative impacts on world climate.

More strikingly, upper and especially high-income groups are responsible for extre-
mely large shares of emissions (figure 4). In 2019 the poorest 50 percent of the world
population accounted for just 11.5 percent of total emissions embedded in goods and ser-
vices, the middle group (50th to 90th percentile) for 40.5 percent, the richest 10 percent
for 48 percent and the top 1 percent for 16.9 percent.

Of the increase in emissions in 1990 to 2019 the poorest 50 percent contributed 16
percent, while the richest 1 percent (7.7 million people) was alone responsible for 23 per-
cent (Chancel 2022). In the countries in figure 4, the top 10 percent accounted for shares
of national emissions ranging from 61.9 percent (UK) to 78.0 percent (China).
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Figure 3. Cumulative CO, Emissions per Capita by Country, 2022.
Source: Elaborated by the authors from data on CO, and greenhouse gas emissions from Our World in Data (2024).

These results indicate that climate policies should target these high-income groups,
whose emissions exceed per capita targets implied by Nationally Determined Contri-
butions (NDCs). Equitable carbon footprints reflecting historical responsibilities and
actual current contributions could make a significant distributional contribution to the
achievement of global climate goals, even as a transformation of the status quo must
also involve new and more sustainable ways of life and modernization paths (Inter-
national Energy Agency 2023b).

CO, accounts for more than three-quarters of GHG emissions. In 2022 almost 94 per-
cent of the CO, total derived from coal, oil and gas and related industrial and transport
processes (Our World in Data 2024). These three fuels were the main sources of energy,
contributing to successive industrial revolutions (see section 3). Oil overtook coal in
1960. Coal re-emerged as the main source again after 2005. Gas emits less CO, per
unit of energy.

Climate Watch data for 2016 (figure 5) attributed emissions to activities that use
energy, indicating significant contributions from industrial, agricultural, transport, resi-
dential and commercial activities. As these results indicate, low-carbon transitions
impinge on many taken for granted aspects of modern life and contemporary modern-
ization paths.

And yet in many parts of the world acute energy shortages exist, and energy poverty is
a common fact of life. Many people rely on fuelwood, which also contributes to emissions
through combustion and deforestation. To reduce emissions, energy systems should
transition to low carbon energy (renewables and nuclear power as sources of electricity
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Figure 4. Geography of Emissions by Income Group (top decile, 50-90th percentile, 0-50th percentile,
1990-2020, tCO, equivalent per capita).
Source: Elaborated by the authors from data from the World Inequality Database.?

and new sources of energy for transport, other industries and heating). This transition
must occur, however, only while meeting the energy needs of developing countries
and low-income groups that at present have very low carbon footprints.

Figure 6 reports the changing relative importance of electricity generation technol-
ogies (maximum net generating capacity of all installations by technology group at the
end of the year in 2010 and 2022), and aggregate installed capacity in the six countries
with the greatest installed generating capacity in 2022. In 2010 to 2022, in all of these
countries, the share of fossil fuels in aggregate capacity declined.

In 2010 to 2022 China added another 1,600 GW (964 GW to 2,564 GW) including
another 587 GW of fossil fuel capacity. And yet the share of fossil fuel in China fell
from 0.73 to 0.50, as a result of very large increases in solar (392 GW), wind (336
GW), and hydro (197 GW) power (IRENA 2022). In 2023, China commissioned as
much solar photovoltaics (PV) as the entire world in 2022, deploying 130 GW of
new capacity in the first three quarters of the year (International Energy Agency
2024b). At the same time China plans to add 97 GW of new energy storage by
2027, helping address irregularities in the availability of energy from renewable sources
(Lu and Mo 2023).

Chinese coal plants operate at less than capacity. Adding newer “clean coal” plants,
increasing fuel efficiency, reducing operating hours and limiting emissions makes a
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Figure 5. Emissions by Sector, 2016.
Source: Elaborated by the authors from data in Climate Watch®

degree of sense, as it increases grid stability and can contribute to greater investment
in less reliable alternative technologies (as coal can serve a backup) and reaching
peak coal sooner. The difficulty is that this solution (adding the new before destroy-
ing the old) is not market-rational. This issue that will be examined in more detail
later.

In the US the share of fossil fuels fell much less significantly from a share of 0.75 to
0.61, while increases in solar (110 GW) and wind (102 GW) were smaller than in
China in both relative and absolute terms. At much lower levels of capacity, India
added fossil fuel capacity (166 GW), as did Germany (11 GW), whereas it declined in
the US (—56 GW). In Germany the shares of solar and wind both reached 0.26, respect-
ively, while nuclear capacity was removed (—12 GW). Nuclear capacity increased in
China (45 GW) and the Russian Federation (5 GW).

These trends reflect differences in development and development pathways. Countries
that are less developed, such as China and India, must add capacity to meet development
needs, and yet, at the same time, have committed to decarbonize and meet peak emis-
sions and carbon neutrality (in China by 2030 and 2060, respectively) much more quickly
and with far fewer cumulative per capita emissions than already developed countries
(Levin and Rich 2017).
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Figure 6. Installed Electricity Generation Capacity by Technology Group and Total Installed Capacity in
the Six Countries with the Largest Producing Capacity in 2022 at the End of 2010 and 2022.

Source: Elaborated by the authors from International Renewable Energy Agency (IRENA) (2022).

2.2. Climate Policy

In 1992 the “Rio Earth Summit” commitment to prevent dangerous human interference
with the climate system led to the establishment in 1994 of the United Nations Frame-
work Convention on Climate Change (UNFCCC) (alongside conventions on biological
diversity and combating desertification).

In 1997 the Kyoto Protocol was signed, and in 2005 it came into force, committing
industrialized and transition economies to reduce GHG emissions in accordance with
agreed individual targets. This protocol recognized the principle of “common but differ-
entiated responsibility and respective capabilities.” Alongside national measures that
should predominate, it provided for several international market-based mechanisms:
international emissions trading, with an EU scheme established in 2005; the clean devel-
opment mechanism (2006), intended to provide finance and technology to address the
greater energy intensity of growth in the Global South; and joint implementation
(2008). These measures permitted the transfer of implementation to developing countries
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(as a country could meet its reduction or limitation commitment from an emission
reduction or removal project in another country). The clean development mechanism
was aimed to help developing countries jump immediately to cleaner technologies. A
small Adaptation Fund was also envisaged to deal with adverse effects of climate change.
In 2012 the Doha Amendment was adopted for a second commitment period from 2012
to 2020.

In the subsequent 2015 Paris Agreement, sovereign states agreed to take actions to
limit the rise in global temperature to “well below 2°C above pre-industrial levels” and
to pursue efforts to limit warming to “1.5°C above pre-industrial levels” (UNFCCC
2016). To achieve these ends, countries pledged to declare and maintain a plan (by
2020 with a new one every subsequent five years) to make a nationally determined con-
tribution (NDC) to reduced GHG emissions by a certain target date (usually 2030), to
report transparently on mitigation, adaptation and support provided and received, and
to review progress (under an Enhanced Transparency Framework for 2024).

Ahead of the 2023 UNFCCC Conference of the Parties (COP28) in Dubai, the 2023
NDC synthesis report examined the 168 latest available (153 new or updated) NDCs sub-
mitted by the 195 signatories. These NDCs covered 94.9 percent of 2019 global emissions
(52.6 Gt CO, equivalent without LULUCF—Iand use, land-use change and forestry).
This report noted that the 1.5 degrees target requires a reduction of 2019 GHG emissions
of 43 per cent by 2030. In that year the NDCs examined would lead to a 5.3 per cent
reduction or a 1.4 per cent increase in emissions, according as conditional elements
were or were not implemented. For 2100 the report projected temperature change of
2.4-2.8 °C without, and 2.1-2.3 °C with, full implementation (UNFCCC 2023a, 29-30).

As the Technical Dialogue of the First Global Stocktake suggested, “[t]he window to
keep limiting warming to 1.5 °C within reach is closing rapidly,” noting that, at COP27,
announcements had suggested that the then existing pledges “would see a warming of
2.4-2.6 °C, while if long-term net zero commitments were implemented warming
might be reduced to 1.7-2.1 °C” (UNFCCC 2023b, 13).

Designed to assess progress towards Paris Agreement goals and suggest ways forward,
this report examined a range of measures, including: the development of reliable new
sources of energy, including a tripling of renewable energy capacity and a doubling of
energy efficiency; the capture, sequestration and storage of carbon; the electrification
of transport, industrial and heating systems; and other mitigation measures. Also dis-
cussed were arrangements for adapting to climate change, and averting, minimizing
and addressing loss and damage. In addition, it highlighted the critical importance of
shortfalls in the mobilization and provision of financial resources.

Although in 2019-2020 average annual developed country provision of public finance
to developing countries reached USD 40.1 billion and that of multilateral development
banks stood at USD 45.9 billion, the former continued to fall far short of their collective
goal of jointly mobilizing USD 100 billion per year (UNFCCC 2023b, 33).

As Timperley (2021) indicated, at the UNFCCC COP15 in Copenhagen in 2009,
developed countries pledged financial support up to USD 30 billion in fast-start climate
finance for developing countries for the period 2010-2012 and USD 100 billion per year
by 2020, while the Paris Agreement reaffirmed that developed counties should play the
leading role in assisting less endowed and more vulnerable countries to meet their cli-
mate goals. In the event these miniscule pledges were not met. As a result, countries
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were falling far short of concrete energy generation, transport and afforestation targets
(ClimateWorks Foundation and World Resources Institute 2020).

This sum is, moreover, very small compared with the estimate, identified at the
UNFCCC COP27 held at Sharm el Sheikh in November 2022, that a low-carbon econ-
omy would require investments of at least USD 4-6 trillion per year (UNFCCC 2022).

At the same time, the development implications of the demands made by G7 countries
are often excessive relative to the sums offered. Vietnam with nearly 100 million inhabi-
tants, for example, was offered just USD 5 billion to close down its coal industry on the
model of a Just Energy Transition Partnership for South Africa (a country with close to
61 million people) that received 8.5 billion (Mathiesen and Barigazzi 2022), where, more-
over, phasing out coal in a context of rising energy needs and the instability of renewable
sources poses energy security risks.

In November 2022 at Sharm el Sheikh the chasm between rich and poor countries
was once again exposed to the world, as countries engaged in arguments about
responsibilities to rein in runaway climate change and pay for the damage already
caused. In this context a “loss and damage” fund for vulnerable countries was, how-
ever, agreed (UNFCCC 2022). At COP27 it was operationalized, and initial funding
was arranged.

At that time in 2022, developed countries emphasized the impact of limited govern-
ment capacities (exacerbated by inflation, increasing energy costs and Western funding
of the Ukraine conflict). These countries also emphasized a need to use public finance to
mobilize private investment and green climate-related finance initiatives that provide a
US dollar-centered financial system with a vast new field for profitable lending and credit
provision. Developed countries also wanted to tie technical assistance to developing
countries to the attraction of private sector investment, increasing the power and
profits of Western financial, professional and technological corporations.

The oil and gas industry and major energy producing countries confront an existential
threat from the transition to a low-carbon economy. Companies and countries are
increasingly responding by setting GHG emissions targets, but their compatibility with
climate transition is questioned (International Energy Agency 2023a, 2023b). At
COP28 the President Sultan Al-Jaber, who heads the state-owned Abu Dhabi National
Oil Company (ADNOC), accepted the need to fast-track the phasing-out of fossil
fuels, but he also claimed that there is “no science out there, or no scenario out there,
that says that the phase-out of fossil fuel is what’s going to achieve 1.5 degrees.” He
also demanded that he be shown “the roadmap for a phase-out of fossil fuel that will
allow for sustainable socioeconomic development” (O’Brien 2023).

3. Energy Dilemmas

Achieving the near-term Paris goals and a green transition are rendered especially
difficult by two factors. The first concerns the relationship between climate change miti-
gation and economic growth and the development needs of the Global South. The second
is a generic energy dilemma. Geopolitical and geoeconomic issues add a third dimension
to these challenges. At stake ultimately, are a set of priorities and initiatives that will
enable a new industrial revolution, new development paths and a multipolar inter-
national order, conducive to greater cooperation among sovereign states.
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3.1. A Conflict between Mitigation and Economic Growth: Degrowth, a Green
New Deal and the Development Needs of the Global South

The relationship between climate change mitigation and economic growth is closely
associated with the importance of energy in the satisfaction of material needs, and ten-
sions between developed and developing countries over respective responsibilities (the
ambition of their respective development targets, the transfer of technology and kno-
whow, and the provision of finance), highlighted in the last section.

In some circles there are calls for degrowth (sometimes specifically confined to econ-
omically developed countries) identified as “an equitable downscaling of production and
consumption that increases human wellbeing and enhances ecological conditions at the
local and global level, in the short and long term” (Hickel 2021; Schneider, Kallis, and
Martinez-Alier 2010, 512).

A counter-proposal envisages a green new deal: a wave of renewable energy invest-
ment, combined with a steady reduction in the consumption of coal, oil and natural
gas, decoupling growth from fossil-fuel consumption and carbon emissions. This propo-
sal involves appropriate redistributive measures to offset negative impacts of decarboni-
zation on lower income groups (Pollin 2018).

More production and consumption of some items (nutritious food, good-quality shel-
ter, medical and health care, and education) are socially desirable, and are unlikely to be
achieved through redistribution and reallocation, as redistribution on a sufficient scale is
unrealistic. Meeting the unmet needs of large sections of the people in the world and
addressing huge global inequalities mean that development (not the same as Gross Dom-
estic Product [GDP] growth) must continue. Moreover, even at the decent standards of
living for some groups in some countries, material progress and more (higher quality)
production and consumption that deliver improvements in life expectancy and the qual-
ity of work and life are positive outcomes (Tsuda 2021).

At present, however, economic development increases the demand for power
resources, where the generation capacity (the amount of energy produced when operat-
ing fully) of natural gas and coal are significantly higher than those of hydro, solar and
wind, though geothermal and nuclear are higher still, and where renewable sources have
implications for the reliability and stability of power systems.

A green energy transition must be capable of meeting these development needs and
lifting people out of poverty (a relative phenomenon associated with the inequality of
world development), while ensuring that wasteful consumption is limited, and energy
intensity and emissions are reduced. What is at stake is a new industrial revolution
and the adoption of new modernization paths involving new green concepts of GDP
that differ radically from the models deriving from the experience of Western civilization
(Dunford 2023b) which have delivered the climate crisis.

3.2. Energy Dilemmas: Creative Destruction and Secure, Reliable and Affordable
Energy Provision

The second is a generic energy dilemma (Bradshaw 2010): the existence of a tension
between energy security and limiting negative environmental impacts of the use of fossil
fuels, so as to avoid climate disaster. According to the International Energy Agency
(2007), “[e]nergy security . . . means adequate, affordable and reliable supplies of energy.”
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This double-sided problem itself derives from two considerations. First, a green tran-
sition calls for drastic reductions in carbon emissions. These reductions imply processes
of creative destruction affecting: the extraction of coal, lignite, oil and natural gas; coal, oil
and gas-fired electricity generation; hydrocarbon-driven motor vehicles; construction,
due to its reliance on cement and steel production; and meat industries. Also affected
are the corresponding skills, jobs and incomes. In this case the challenge is to accelerate
this energy and resource transformation by driving the creative destruction of incumbent
fossil-fuel dependent industries in a socially responsible manner.

The term “creative destruction” was coined by Schumpeter ([1943] 2003, 83) to refer
to the scrapping of outmoded plant and equipment and the creation of new activities, and
he recognized that it required a powerful wave of capital investment sustained by the pro-
vision of patient investment finance. Capitalism, he said, “incessantly revolutionizes the
economic structure from within, incessantly destroying the old one, incessantly creating
a new one. This process of Creative Destruction is the essential fact about capitalism.”

Second, accelerated obsolescence of some of the existing capital stock reduces supply
and may reduce energy security in the absence of a major investment push capable of
compensating for weakened supply and of guaranteeing resource and energy security.
A process of creative destruction in which high carbon methods of energy generation
are adequately replaced by new low carbon methods depends on the availability of tech-
nologies that can reliably guarantee the permanent minimum load that a power system
must supply (so-called baseload).

In this context renewable energy sources confront challenges due to the variability and
intermittent character of renewable generation, and the short supply of metals and min-
erals needed for clean energy technologies (Hudson 2021), while nuclear and hydro-elec-
tric energy involve particular safety considerations.

Of these alternative technologies solar, hydro and wind generation are subject to the
vagaries of weather and climate. In the second half of 2021, as it moved closer to its
renewable energy targets, China suffered from electricity shortages. In 2022, it con-
fronted the worst heatwave in at least 60 years. The heatwave dried up reservoirs and
crippled hydropower stations in Sichuan Province, the country’s largest producer of
renewable energy. In 2023 hydropower output was again adversely affected by drought
(International Energy Agency 2024a, 40).

Amidst increasingly frequent extreme weather and economic, technological and geo-
political risks, the priority attached to energy security increased. At stake were ensuring
adequate supplies of fossil fuels, stabilizing their prices, adjusting the “dual control”
energy policy (which limits overall use and energy intensity), rethinking the use of
coal and other fossil fuels in its energy mix (Greenpeace East Asia 2022) and retrofitting
existing coal-fired plants.

These considerations mean that the speed with which coal, gas and oil are phased out
must be managed, while investing considerable resources and effort into ways of decar-
bonizing hydrocarbons, and combining cleaner technologies with carbon sequestration
and storage (Lal 2004, 2008).

If energy produced from fossil fuels and investment are discouraged, and if reliable
alternative sources do not come on stream, restricted supply can hamper economic
growth and development. At stake is the careful management of coordination problems,
ensuring that, as in this Chinese case where binding targets had been adopted, an energy
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shortfall, power cuts, rationing exacerbated by speculation, and manufacturing disrup-
tion are avoided.

3.3. Energy Dilemmas, Resource Availability and Geoeconomic and Geopolitical
Turbulence

In 2022 a serious new dimension was added when the US, EU and the rest of the Collec-
tive West chose to sanction Russia (Dunford 2023a; International Energy Agency 2023b).
These sanctions were implemented two days in advance of the Russian military interven-
tion in Ukraine, and were mistakenly expected to cripple the Russian economy in a short
space of time. Gas pipelines crossing Poland (the Yamal pipeline) and Ukraine were
closed, while supplies through the Nord Stream 1 pipeline were reduced, due to the
impact of sanctions on the repair of turbines. Shortly afterwards, on September 28,
three offshore lines of Nord Stream 1 and of newly completed Nord Stream 2 (capable
of transporting 55 billion cubic metres per year) were sabotaged. The explosions led to
one of the largest recorded releases of methane into the atmosphere (The European
Space Agency [ESA] 2022).

These steps precipitated an energy crisis in Europe, with increasing costs for all users,
and the closure/reduced capacity utilization of energy-intensive industries due to energy
shortages, increased energy costs and the disruption of supply chains. Change occurred
without the establishment of alternative industries and jobs.

The increase in energy costs was exacerbated by Europe’s decision to purchase US
liquid natural gas (LNG). In early 2024 the US then restricted supplies to Europe cit-
ing climate considerations. Although it is a hydrocarbon, natural gas is a cleaner fuel
than coal and oil. This important advantage may however disappear in the case of
liquefaction (Howarth 2024; Storrow and E&E News 2024). US gas is fracked, liquified
and transported by sea rather than by pipeline, and is considerably more expensive
than Russian pipeline gas (in Europe US gas cost four times what it cost in the
US). These cost increases significantly reduced European industrial competitiveness
(Sputnik International 2024; Eckl-Dorna et al. 2024). Europe also had to reconsider
the use of coal and diesel and significantly increase the use of firewood for domestic
heating.

At the centre of this aspect of energy dilemmas are geopolitical and geoeconomic con-
siderations related to a struggle by the US to retain hegemony, and the emergence of new
centres of power. Of particular importance is the development of the BRICS, and an
attempt to establish new systems of global governance in the context of a transformation
of the international division of labour, but also of the green agenda.

Where international conflicts lead to war, the use of missiles, ammunition, the razing
of buildings and power stations on the one hand and the development of military indus-
tries on the other exacerbate the environmental crisis, indicating that peaceful develop-
ment is another central dimension of a transition to a carbon neutral development path.

Where the outcome is deindustrialization of economically advanced countries, the
question arises as to whether reliance on (symbolic, information and financial) services
will enable these countries to meet their needs, paying with service revenues and net capi-
tal inflows for imports of the material goods that they require and do not produce them-
selves. The alternative is for economically more developed countries to reindustrialize,
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bringing back, modernizing and greening industries that moved offshore (Dunford, Liu,
and Pompeani 2022).

4. Solutions
4.1. Mitigation, Adaptation and Carbon-Neutral Modernisation Paths

To date most attention has been paid to mitigation (reductions in carbon emissions). As
figure 1 shows, however, sinks remove carbon from the atmosphere. In this way the
intensity of energy dilemmas can be diminished by altering relevant structural
conditions.

In this light and in accordance with the development concerns of the Global South,
China advocates a joint mitigation-adaptation strategy. More growth- and develop-
ment-oriented, it is reflected in China’s South-South Cooperation Climate Fund (estab-
lished in 2014) and its Green Belt and Road Initiative. The aims are to address gaps in
climate finance and technology transfer, to contribute to mitigation via renewable energy
and increased energy efficiency, and to increase adaptation via infrastructure projects and
nature-based solutions (NbS).

NbBS were first identified by the World Bank in 2006, and include China’s Ecosystem
Product Value Realization strategy (Xu, Zhao, and Zhang 2023). The aims of NbS are to
protect, restore, and manage ecosystems (woodland and forests, coastal wetlands and
mangroves, seagrass meadows), and regenerate agricultural soils to remove carbon
from the atmosphere (see figure 1 and Keesstra et al. 2018). The establishment of
green cities can also help absorb carbon as well as prevent GHG emissions.

4.2. Coordination, Devaluation and Investment: Industrial Revolutions and New
Carbon-Neutral Modernization Paths

More generally energy dilemmas are a reflection of underlying coordination, devaluation
and investment problems. Mainstream economists argue that the decarbonization of
energy systems should be achieved by acting on the market prices for fossil fuels so as
to internalize the negative externalities associated with GHG emissions, and efficiently
adjust demand and supply. A direct way is through the imposition of carbon taxes
(although estimates of the required price per tonne vary from USD 45 to USD 14,300,
depending on the time horizon, and the amount of reduction targeted). Another measure
is cap and trade, where the carbon emissions of energy producers are capped. Caps can
then be traded in carbon markets, where producers can purchase other producers’ caps to
increase their own. Offsets are, however, attractive to rich countries/corporations, who
can thereby transfer carbon cuts to low-income countries.

Measures of this kind do influence production costs and prices. By affecting expected
income streams, they also influence investment decisions. To date, however, the impacts
fall far short of the degree of structural change required to address climate change, as was
indicated in section 2.2.

In the case of the EU neo-liberal market measures exacerbated the problems deriving
from the COVID-19 pandemic and the disruption of energy supplies from the Russian
Federation: starting in the new millennium greater reliance was placed on spot markets
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and less on long-term contracts for natural gas. A dilemma in this case is that suppliers
must invest vast sums in development, yet will only do so and only secure finance if they
and their creditors are confident that they can sell the gas and repay the loans over the life
of the investment.

In the European market, deregulation saw a movement from long-term contracts that
provided stable revenue streams, stimulated investment and ensured the stability of
supplies to short-term contracts and spot pricing. Spot markets reflect current supply
and demand dynamics, and enable users to take advantage of periods of lower-cost
supply, as after the US shale gas revolution. If, however, forward prices fail to predict
accurately future production and demand, spot trading exposes market participants to
considerable price volatility, as was the case with supply issues at the start of the current
decade. China’s Sinopec conversely recently signed a twenty-seven year LNG deal with
Qatar (Mills and El Dahan 2022). In ensuring resource availability and contributing to
baseload security, these steps provided scope for significant increases in the share of
renewables.

Alongside questions concerning the relative merits of short-term versus long-term
contracting and energy price volatility, addressing climate change also involves long-
term structural change: a planned transition to new carbon-neutral paths involving
new ways of producing goods and services (modes of production), new modes of con-
sumption, new ways of life and new modernization paths.

Many discussions of industrialization and climate change consider industrialization as
a part of a steady process of modernization that started with the industrial revolution,
and increased in scale and scope as industrialization was extended to embrace more
areas of economic life and more parts of the world. In reality, there were several industrial
revolutions (table 1). The first used water and steam power to mechanize production, and
canals as a means of transport. The second applied steam power and iron to transport
and industrial production (1840-1890). A third (often called the second) starting in
the 1890s was centred around steel and electrical power. A fourth drew on the internal

Table 1. Kondratiev Cycles and Industrial Revolutions.

Industrial revolutions Core countries Initial innovation Year Crisis
The “Industrial Great Britain Arkwright’s mill opens in Cromford 1771 1834-1843
Revolution”
Age of steam and railways  Great Britian (spreading to  Test of the “Rocket” steam engine for 1829 1873-1895
the European Continent the Liverpool-Manchester railway
and USA)
Age of steel, electricity USA and Germany forging ~ The Carnegie Bessemer steel plant 1875 1929-1945
and heavy engineering ahead and overtaking opens in Pittsburgh, Pennsylvania
Great Britain
Age of oil, the automobile  USA (with Germany first First Model-T comes out of the Ford 1908 1971-1982
and mass production vying for world plant in Detroit
leadership) later
spreading to Europe
Age of information and USA (spreading to Europe  The Intel microprocessor is announced 1971  2001-2013
communications and Asia) in Santa Clara, California
technologies
Age of environment, China and USA Autonomous vehicles, generative Al, 2015

robotics, Al, genetic
engineering

cloud and quantum computing,
renewable energy, genetic
engineering
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combustion engine, oil as a source of fuel and mass production. The next (sometimes
called the third), whose roots lay in innovations in the 1960s and 1970s, involved the
development of digital technologies, automation and the Internet.

At present the world is on the verge of a new industrial revolution (often called the
fourth) that connects the digital, physical and biological spheres with the development
of artificial intelligence, robotics, the Internet of Things, autonomous vehicles, 3-D print-
ing, nanotechnology, biotechnology, materials science, energy storage, new energy and
quantum computing, and whose key innovations and core countries will only be ident-
ified in retrospect.

For Schumpeter ([1934] 1961, 223) innovations (“new combinations”) are not “evenly
distributed through time. . .but appear, if at all, discontinuously in groups or swarms.”
Growth occurs as clusters of innovations spread, diffuse and are adopted, and as learning
curve effects concomitantly drive down costs, as is evident in the development of renew-
able energy (Dunford et al. 2013). These waves are considered to conform with logistic
curves, with slow emergence, rapid diffusion (repetition of investment) and a slowing
down as diffusion comes to an end. At each stage, these new developments are disruptive,
in the sense that they sweep away old ways of doing things and replace them with new
ways.

Change was not confined, however, to the world of production: change affected modes
of consumption, the organization of human settlements and ways of life, classically illus-
trated by the waves of motorization, suburbanization and individualized consumption
that occurred in developed countries after the Second World War, and spread to embrace
the new middle classes of emerging economies in a wave of globalization that ended with
the 2007 North Atlantic financial crisis.

These paths were underpinned by changes in underlying social relations, institutional
configurations and modes or regulation (Aglietta 1976; Dunford 1990), and were associ-
ated with the spread of development to new centres which successfully embarked on
catch-up development (Dunford and Liu 2017), with the last waves coinciding with
the explosion of GHG emissions (figure 1).

Addressing the challenge of climate change appears in this light as a challenge invol-
ving a new industrial revolution, new modernization paths and radical changes in ways of
life of the already rich and of those who step onto the ladder of development. At stake are
modernization paths that avoid waste, economize on resources, promote healthy life-
styles, embrace the entire world, and involve common prosperity for all, a fairer distri-
bution of income and wealth, a balance between rural and urban areas and regions of
the world, smart, compact and walkable cities, electrification of transport, a revitalized
countryside, a sharing of high quality public services, cultural and ethical advancement
as well as scientific, technological and material progress, unimpeded diffusion of knowl-
edge and knowhow, harmony between humanity and nature (“lucid waters and green
mountains are as precious as mountains of silver and gold” in the words of Xi Jinping
[Xinhua News Agency 2020]) including reduced pollution and enhanced carbon uptake
and storage, cooperation to address health and other security challenges and peaceful
development.

It is very striking that China which not long ago emphasized the differential respon-
sibilities of developed and developing countries changed course (Liu 2021). This change
of direction dates especially from the 18th National Congress of the Communist Party of
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China in 2012, when the concept of ecological civilisation, first mentioned in 2007, was
made a core element of China’s Five-Sphere Integrated Plan. At that time China started
to lead the world in addressing the climate challenge, by adopting a progressively articu-
lated new industrial and modernization model with several aspects (Matthews 2017).

The first is the enhancement of energy security by developing energy systems that
rely more on manufactured and renewable energy devices than fossil fuels. As such it
is not just the replacement of coal powered by wind, solar, hydro and geothermal
powered electricity generation. Instead, it also involves a system change relating to
the way power is used, the adoption of electric vehicles and batteries, the electrifica-
tion of other end use sectors, the development of strategic industries and of new
infrastructure including smart grids, electric vehicle charging stations and the devel-
opment of smart ecological cities (Song et al. 2021), which reduce the need for
motorized movement, and more generally adoption of a low-carbon consumption
path.

The second is the enhancement of resource security and reduction of resource con-
sumption and waste by restructuring the economy along circular lines: the manufacture
of durable products; extension of their service life through reuse, repair and remanufac-
ture, upgrades and retrofits; recycling of materials (Stahel 2016); responsible consump-
tion; and sustainable models of economic organization (United Nations Conference
on Trade and Development [UNCTAD] 2024).

The third is a high rate of investment and the development of green finance. The
second issue was addressed in 2015 in The People’s Bank of China report on Establishing
China’s Green Financial System (The People’s Bank of China 2015), making China the
first country in the world to craft green securities and include them in its development
finance initiatives.

The fourth is the afore-mentioned commitment to adaptation including the sequestra-
tion of carbon in soils (Lal 2004) and ecosystems (NbS) and carbon storage in geological
structures (Chen et al. 2022; Lal 2008).

In September 2020, China proposed Dual Carbon Targets at the General Debate of the
75th Session of The United Nations General Assembly. China’s dual carbon targets or
goals are a pledge to reach peak carbon dioxide emissions before 2030 and achieve carbon
neutrality before 2060. Accordingly China scaled up its NDCs and associated policies and
measures (Han 2023).

China’s change of course is one that confronts important challenges. China is only an
upper middle income developing country with increasing energy requirements, is the
world’s largest carbon emitter, is reliant on a high-carbon fossil energy and industrial
structure, and is seeking to reach neutrality exceptionally quickly (Zhao et al. 2022; He
et al. 2022).

Moving forwards, in 2021 the Politburo issued an instruction concerning “adherence
to a single plan nationally” (in words used by Deng Xiaoping) (quoted in You 2021),
achieving the two targets of the top-level climate plan goals (peak carbon by 2030 and
carbon neutrality by 2060), doing so in an orderly manner without sacrificing essential
economic development goals, and “establish[ing] the new before breaking the old” (as
Mao Zedong advised in 1940) (quoted in You 2021).

The latter concept differs from Schumpeter’s creative destruction in that it is indica-
tive of the possibility of managing radical structural transformations in a socialist polity
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in less damaging ways than in capitalist polities and embracing also the transformation
(including the greening) rather than the destruction of the old.

The recent Third Plenary Session of the 20th Central Committee of the Communist
Party of China proposed to “build a green, low-carbon, and circular economic system”
as a part of a radically new modernisation path that embraces not just ecological civilis-
ation but also spiritual civilisation and common prosperity (Dunford 2022).

The cyclical movements associated with industrial revolutions are indicative of the fact
that these periods of change (of creative destruction and establishment of new paths) are
often periods of crisis (that come at the end a phase of expansion and open the way to
new phases of development). For Schumpeter these crises reflect the completion of the
diffusion of earlier ways of doing things and the search for new ways. At present the
realization that the construction of an energy system centred on fossil fuels is destructive
and unsustainable, generating serious pollution as well as carbon emissions, is a part of a
crisis of past models of development (although not one that should permit a rejection of
development).

For Marx, these crises reflect the devaluation of capital required to counter declining
rates of profit and investment (Dunford 2021; Jones 2016, 2021). In capitalist societies
these phases of crisis are also themselves phases of declining profitability. The decline
in profitability discourages the investment that is needed to bring forth the new. For
this reason, in structural crises the old is destroyed first in “gales of creative destruction”
that increase profitability: capital is destroyed/devalued, and workers are laid off, to clear
the ground for the new, which, at first, emerges only slowly.

As well as insufficient investment, markets are often unable to manage these tran-
sitions for other reasons, even if markets are useful instruments for achieving planned
targets. Market economies encounter irreversibilities and lock-in, as when choices
among alternative (separate and non-retraceable) paths are complemented and
reinforced by subsequent events (including investment in durable assets) and constrain
subsequent steps (David 2007, 100-110). Carbon-lock-in as a product of technological
and institutional co-evolution is an example (Unruh 2000).

Markets are also incapable of distinguishing between useful and spurious uses of
resources: the construction of infrastructure for a carbon-neutral economy versus private
air travel for economic elites is decided, for example, solely in terms of ability to pay and
return on investment. Markets accordingly prioritize the consumption of the ultra-rich
and settle competing consumption claims in favour of the rich, while increases in the
costs of for example quotas in carbon markets (as occurred in 2022 under the EU emis-
sions trading system [Wall Street Journal 2022]) drive up prices with especially adverse
effects on low-income groups.

In the Chinese case a study found that carbon neutrality commitments of listed com-
panies reduced their market value. This decline was greater for state-owned enterprises
whose carbon reduction commitments were greater (Yu, Hui, and Shen 2024). As the
social returns to investment in the global commons that reduce inequality, poverty, car-
bon emissions and disease far exceed the private returns, solutions require public
initiatives.

In a study of the specificities of the Japanese developmental state, Johnson (1982, 19)
made a distinction between a regulatory or market-rational state and a developmental or
plan-rational state. This distinction is of considerable relevance for climate transition.



94 (&) M.DUNFORD AND M. HAN

A regulatory, or market-rational, state concerns itself with the form and procedures—the
rules, if you will—of economic competition, but it doesn’t concern itself with substantive
matters. . . . The developmental state, or plan-rational state, by contrast, has as its dominant
feature precisely the setting of such substantive social and economic goals.

Advocates argue that markets are efficient and use resources in the most economical way,
yet planning combined with a variety of regulatory and market instruments often affords
a much more effective way of reaching desired goals and targets, and a viable pathway
towards consistent reductions in carbon emissions. In this context moreover a core dri-
ver of change is investment (rather than relative prices) financed by state development
banks to lay the foundations for new industries, and a political system committed to
effective environmental governance (Guo et al. 2023).

These two paths are associated with another distinction. The evidence of an approach-
ing climate crisis was presented to the US government as early as 1982 (Office of Scien-
tific and Technical Information, US Department of Energy 1982). And yet, in the next
forty years, in the context of a neo-liberal market-oriented path, very little progress
was made. An important reason was not just the existence of externalities (the non-uni-
versality of markets) and the reliance on market mechanisms, but also the considerable
power of large corporations (major petroleum producers and associated trade associ-
ations such as the American Petroleum Institute, for example) relative to the state and
of energy-producing countries.

A fundamental determinant of effective action is that the state controls capital rather
than vice-versa (Vltchek and Cobb 2019). It is for this reason also that a system in which a
developmental state wields political power and is capable (as in the Chinese case) of
investing and establishing a legal regime of ecological constraints that control emissions
via efficiency standards, regulations, industrial policy measures, the conservation of land
and resources and development of carbon sinks may prove more effective.

In this context it is worth noting that China’s targets are based on methodically con-
structed plans, goals and instruments (in this case carbon caps, carbon and energy
efficiency). Its policymakers, with their time-tested instruments of economic control,
have a demonstrated capacity for fulfilling set goals, often well before deadlines. A strik-
ing example is the announcement of China’s Energy Bureau that by the end of July 2024,
China’s total installed solar and wind power capacities had reached 1.206 billion kilo-
watts exceeding China’s 2030 climate targets (National Energy Administration 2024).
China’s productive, patient and long-term finance can also be channelled to achieve
clearly defined targets.

The issues at stake however are not just ones that each nation faces. Instead, the cli-
mate crisis is a global crisis, unfolding moreover in an international context in which an
existing international order is crumbling, and a new multipolar order composed of sover-
eign states is struggling to emerge.4

In this situation an awareness of the vulnerabilities associated with a dependence on
imported sources of energy and the difficulties of a global quest for resources in an
unstable geopolitical and geoeconomic environment is itself a source of cleavage. And
yet it is also evident that a solution will require international co-operation, coordination,
new international divisions of labour and the mobilization of investment finance. The
new energy technologies themselves rely upon the appropriation of new sources of
materials from the planetary ecosystem (Hudson 2023). Deposits and processing capacity
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for these resources that include rare earths, lithium, cobalt, copper, nickel along with
other minerals and materials are concentrated in the Global South and their extraction
and processing require energy-intensive equipment and infrastructure. And as already
mentioned transition to low carbon paths requires an investment wave that will depend
upon the mobilization of massive financial resources.

At this point in time it is perhaps the words of Gramsci that are most pertinent: “the
crisis consists precisely in the fact that the old is dying and the new cannot be born: in this
interregnum a great variety of morbid symptoms appear” (Gramsci [1930] 1975, 311).

5. Conclusions

A succession of waves of capital accumulation and specific models of development and
energy systems that were associated with successive industrial revolutions and diffused
unevenly and unfairly in ever wider, yet relatively narrow, parts of the world generated
metabolic rifts that threaten the survival of many sections of the world’s population. Cli-
mate change and threats to the environment and human health require an end to models
of development that have thrived on the destruction of the natural world and their repla-
cement with circularity (Stahel 2016), efficiency, smart systems (Liu, Guo, and Lee 2021),
and new green, resource-saving and healthy ways of life.

Climate transition requiring radically new modes of production and consumption and
new equitable and sustainable ways of life coincides with a transition to a new pro-
ductivity-increasing industrial revolution. Together they require massive capital invest-
ment, yet it is constrained in advanced capitalist countries by low rates of return, in
developing and some developed countries by accumulated debt and globally by signifi-
cant divisions in a crisis-ridden international system.

In capitalist societies these transitions presuppose disruptive economic crises in which
misallocated capital is devalued, assets are scrapped and debts are extinguished as a pre-
lude to new investments. In the long depression since the North Atlantic financial crisis
quantitative easing (a “great evasion”) has kept zombie enterprises afloat (Mullan 2017),
yet new productive investment is limited.

If the emergence of the new occurs only after the destruction of the old, serious
difficulties arise, of which energy dilemmas are a case in point. At present these dilemmas
are exacerbated by a climate-related need to transform energy systems, the disruption of
product and energy supply chains as a result of the COVID-19 pandemic, war and sanc-
tions and the need to ensure energy security in a context of the continuing development
needs of the Global South, increasing geopolitical rivalry and associated geoeconomic
and geopolitical risks.

In this situation the way forward requires a quest for peaceful cooperation among
all nations rather than a new division of the world, as the climate crisis is a shared
crisis confronting the whole of humanity. A solution requires acceptance of the
right to development to overcome unfair differences in relative prosperity. It involves
reductions in unacceptably wide current variations in the carbon footprint of different
income groups (see figure 4) and different countries and regions. It involves recog-
nition that the social returns to investment in the global commons far exceed the pri-
vate returns. And to avoid the to date ineffectiveness of market-driven transition and
the costs of disruptive crises, the way forward is via multi-level plan-rational and
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publicly funded paths, designed to create radically new environmentally friendly
development patterns. On such a path the advice to “establish the new before breaking
the old” is eminently sensible.

Notes

1. See Global Monitoring Laboratory data at: https://gml.noaa.gov/ccgg/data/.

2. World Inequality Database: https://wid.world/.

3. See Climate Watch data at: https://www.climatewatchdata.org/data-explorer/historical-
emissions?historical-emissions-data-sources=climate-watch&historical-emissions-gases=
all-ghg&historical-emissions-regions=All%20Selected&historical-emissions-sectors=total
-including-lucf%2Ctotal-including-lucf&page=1.

4. This world is quite different from the capitalist planetary sovereignty that Mann and Wain-
wright envisage as a response to climate crisis (Wainwright and Mann 2018).
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