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Scholars within the fields of political ecology, environmental political theory, and international political econ-
omy tend to evaluate the prospects of state-led environmental transitions in general terms — enquiring as to the
capitalist state’s inherent properties and their environmental implications. Less attention has been paid to how
the state’s green capacities are conditioned by contemporary evolutions in the form and pace of capital accu-
mulation. Capitalism’s directional pattern of historical development poses unique challenges for green state
projects. Its drive to raise labour productivity metabolises nature on a growing scale, while generating conditions
of overproduction and rendering a progressively larger portion of the population superfluous to the production
process. Thus, the question is not simply whether the state can rise to the challenge of climate change, but rather
how states are scrambling to govern the intersecting crises of climate catastrophe, economic stagnation, and
surplus humanity. This ‘wicked trinity’ compounds the tensions at the heart of the capitalist state, resulting in an
increasing inability to perform its role while sustaining its liberal form. This governance trilemma is illustrated
by the case of the solar photovoltaic boom, where the spectacular increase in the productivity and scale of solar
panel manufacturing have generated oversupply and falling profitability. States have reacted by indefinitely
providing subsidies, financing automation technologies that exacerbate labour superfluity, and relocating solar
panel manufacturing to places with authoritarian labour regimes. The case of photovoltaics is a microcosm of the
general predicament faced by states as they struggle to govern capitalism’s secular developmental tendencies.

1. Introduction

‘[G]lobal climate policy ... is probably the only policy field that
doesn’t affect the climate’, observes Tadzio Miiller (2021), co-founder of
the German climate justice movement Ende Gelande. In its hyperbole,
this comment points towards a crucial truth: in the more than thirty
years since the creation of the United Nations Framework Convention on
Climate Change, states have utterly failed to stop the relentless climb of
global carbon emissions (Friedlingstein et al., 2021). Nevertheless,
across the political spectrum, states are understood to be the key vehi-
cles for averting climate catastrophe: only the state can rise above the
noise of civil society to map out a long-term, binding vision for decar-
bonization. For intergovernmental organizations, the state’s role must
be to transform market incentives such that investors and consumers can
confidently decarbonize their activities (Copley, 2022). For social
democrats and democratic socialists, states are currently beholden to the
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interests of fossil capital and to antiquated neoliberal doctrines — they
will not take the necessary climate action unless they are pushed
(Aronoff et al., 2019). Even on the radical wing of the climate move-
ment, and for advocates of fossil infrastructure sabotage like Andreas
Malm, the ultimate goal is to provoke state action (Malm, 2020). As
Riibner Hansen (2021) notes, ‘[w]hat is needed, according to Malm, is
not the abolition of both capital and the state ... but the abolition of
fossil capital by the state’.

A tension exists, then, between the heretofore dismal record of state
climate policy and the pervasiveness of state-led visions of decarbon-
ization. This presents an important puzzle for scholars within the fields
of political ecology, environmental political theory, and international
political economy. Is the capitalist state structurally reliant upon fossil-
fuelled accumulation (Altvater, 2007)? Or is the state’s current fossil-
dependence merely contingent, such that past climate policy failures
do not foreclose the possibility of a true ‘green state’ emerging
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(Eckersley, 2004)? A dynamic body of literature has mapped the space
between these two poles — decomposing the state into its constituent
branches, ideologies, governance practices, and competing class in-
terests, thus revealing potential openings for environmental movements
to wield influence (Paterson, 2016; Newell, 2021; Death, 2016). Such
accounts converge around the consensus that the fast-approaching social
and economic dislocations of climate change will force a ‘return’ of the
state in some fashion (Parenti, 2015). Yet the question of the particular
form and class character of the state that will emerge from these
transformations remains open (Toscano, 2020).

This literature has tended to evaluate this puzzle in general terms —
enquiring as to the capitalist state’s inherent properties and their envi-
ronmental implications, abstracted from this or that historical
conjuncture. Less attention has been paid to how the state’s green ca-
pacity is conditioned by a particular set of interconnected secular ten-
dencies that characterize capitalist development, namely environmental
degradation, economic stagnation, and the multiplication of surplus
populations. These three tendencies are necessarily implied by capital-
ism’s perpetual drive to raise labour productivity through the substitu-
tion of constant capital (means of production) for variable capital
(labour power).! This article explores precisely the unique challenges
that these interlinked crises of ‘late’ capitalist society pose for green
state projects. As such, it follows in the footsteps of Mann and Wain-
wright’s (2018) work on the reconfiguration of sovereignty and (geo)
political authority in an era of climate change (Mann and Wainwright,
2018). We concur with Hunter (2021: 184) that ‘[c]atastrophic climate
change and ecological degradation raise the stakes for the critique of the
capitalist state’. Yet we add that a critique adequate to the task must
recognize capitalism as a social system with a directional pattern of
historical development, leading to a compounding of the tensions at the
heart of the capitalist state and to a reconfiguration of the dilemmas it
faces regarding decarbonization and environmental transformation.

Framed in this way, the question is not simply whether the state can
rise to the challenge of climate change, but rather how states are
scrambling to govern the intersecting crises of climate catastrophe,
economic stagnation, and surplus humanity. Managing any single pole
of this trilemma has unpredictable knock-on effects for the management
of other poles, rendering the task of state governance fraught and con-
tradictory. Confronted by this ‘wicked trinity’, this article insists,
governance tends to increasingly overflow the liberal tradition’s bounds.
Permanent extraordinary central bank actions, militarized policing of
the poor, and muscular political responses to so-called natural disasters
all evidence the growing difficulty the state encounters in performing its
role while maintaining its liberal form. We therefore propose to enrich
debates on the environmental futures of the capitalist state by drawing
upon Marx’s critique of political economy, which is uniquely positioned
to identify, in the present, potential future capitalist state
transformations.

This governance trilemma is illustrated by the case of the solar
photovoltaic (PV) boom. Widely hailed as a successful example of the
ability of clever policy-making and market dynamism to together drive
decarbonization, solar PV-generated electricity achieved price parity
with fossil-fuelled power plants in the 2010s. However, the same forces
that powered price reductions in solar PV-generated electricity, namely
the spectacular increase in the productivity and scale of solar panel

1 In volume one of Capital (1976), Marx discusses the rising productivity of
social labour chiefly in terms of a) the production of relative surplus value and
b) the concentration and centralization of capital and the creation of a surplus
population. Yet in Marx’s manuscripts, unpublished in his lifetime, this his-
torical trend towards rising labour productivity is often discussed in relation to
the secular tendency for the rate of profit to fall, which we understand to be key
to contemporary stagnation (see Clarke, 1994: 177-178). Several scholars have
also pointed out that this expansionary dynamic implies the increasing
exhaustion of the natural world (Burkett, 1999; Bellamy Foster, 1992).
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manufacturing, have generated conditions of oversupply and falling
profitability. Faced with the self-defeating logic of this energy boom,
states are pressed to search beyond the liberal toolkit to rekindle the
solar industry’s dynamism so as to meet decarbonization targets. This
includes the indefinite continuation of solar subsidies that violate liberal
budgetary orthodoxy, the financing of solar automation technologies
that exacerbate labour superfluity, and the redistribution of solar panel
manufacturing to states with authoritarian labour regimes. Solar PV is a
microcosm of the general predicament faced by states as they struggle to
govern capitalism’s secular developmental tendencies.

2. ‘Green’ states and the antinomies of state-led transition

A vast body of literature, at the confluence of political ecology,
environmental political theory, and international political economy, has
emerged on the prospect of state-led environmental transitions. It aims
to address the pressing question: can the capitalist state, given its
enmeshment with the compulsive logic of capital accumulation, ever be
‘greened’? The starting point of these debates is that states are
increasingly experiencing transformations in the face of planetary
environmental crises, heralding the emergence of ‘green’ or ‘environ-
mental’ states. The crux of the matter lies in the progressive potential of
such state transformations: are they conducive to the reproduction of
business-as-usual, or do they signal states increasingly pursuing transi-
tions to less environmentally destructive productive relations?

Paterson (2016) identifies two broad perspectives on these debates.
On the one hand, writers like Meadowcroft (2005), Eckersley (2004),
and Dryzek et al. (2003) argue that states, under the pressure of social
movements and environmental challenges, undergo a process of
ecological modernization leading them to develop a new core function
of ‘ecological sustainability’. Put differently, the anti-ecological ele-
ments of the capitalist state’s practices are regarded as historically
contingent rather than structural, and can therefore be transformed
(Paterson, 2016: 5). This is the ‘greening’ of the state. Duit et al. (2016:
11) neatly encapsulate this perspective: ‘Just as the massive expansion of
welfare institutions made late twentieth-century states very different
creatures from their nineteenth-century predecessors, so the emergence
of the environmental state in recent decades signals further shifts in the
character of the modern polity.’.

On the other hand, a more critical strand argues that the relationship
between the state and capital accumulation is structural, which poses
major problems for environmental transition. As a result, overcoming
the ‘sustainability/accumulation tension’ at the heart of the capitalist
state is impossible (Paterson, 2016: 6). Similarly, NeoWeberian accounts
contend that the state hits ‘a glass ceiling” when the socio-environmental
transformation conflicts with other state imperatives, such as the pro-
vision of social order, external defence, revenue raising, capital accu-
mulation, and democratic legitimation (Hausknost and Hammond 2020;
Douglas 2020). Degrowth and post-growth approaches also tend to view
the state as an obstacle to environmental transition, although they often
paradoxically make political appeal to it (Koch 2020; Buch-Hansen and
Carstensen 2021; D’Alisa and Kallis 2020). Ecological Marxists like
Davidson (2012: 31) contend that the state’s dependence on growth and
accumulation is an ‘insuperable imperative’ acting as a structural barrier
to any environmental transition. Pichler et al. (2020) add that liberal
democracy, insofar as it is materially rooted in the confinement of de-
cisions on nature and natural resources to the private sphere of pro-
duction and consumption, constitutes more an obstacle than a means for
future social-ecological transformations. States may experience trans-
formations in how they deal with environmental change, but in a
manner that facilitates the further (neoliberal) commodification of na-
ture and the ‘legibility’ of nature for capital (Castree, 2008; Robertson
and Wainwright, 2013). Newell (2021: 8), borrowing from Gramsci,
refers to this process as a form of ‘trasformismo’, whereby ‘politics and
policy reinforce a market liberal approach to transitions within capi-
talism as opposed to more sweeping transformations of it’. Likewise,
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Brand and Wissen (2021: 30-31) warn about a ‘passive revolution’ to-
wards ‘green capitalism’ — a transformation guided by ruling powers in
core capitalist societies, involving a ‘highly selective’ environmental
modernization of productive forces ‘at the expense of other world re-
gions’ that continue to deliver cheap labour and natural resources to the
core. Green capitalism’s social and environmental costs would thus be
externalized spatially (to the peripheries) and socially (mediated
through class, gender, and race).

Paterson (2016: 10) charts an alternative position: ‘neoliberal re-
sponses to climate change are indeed dominated by commodification of
nature as a strategy, in particular— but ...these neoliberal responses to
climate change do open up space for both a political-economic and a
state transformation, as suggested by green state writers.” This is partly
because of diverging interests between capital fractions (e.g., fossil
capital, billionaire philanthropists and proponents of geoengineering
and other eco-modernization projects, renewables energy capitalists,
‘green’ financiers, etc.) regarding environmental problems, insofar as
they are unevenly exposed to environmental risks and have different
accumulation and legitimation strategies. Furthermore, ‘this differenti-
ation of business interests has been instrumental in enabling these novel
initiatives [carbon offset initiatives, environmental regulations, etc.] to
emerge and have produced new forms of alliance among state, business,
and civil society actors’ (Paterson, 2016: 11). This points to the need for
more refined understandings of green state transformations and their
politics, opening the proverbial ‘black box’ of the state.

A variety of perspectives have recently aimed to do just that. Craig
(2020) analyses conflicts between various agencies and ministries
within the state and the extent to which they represent obstacles to a
state-led transition. Brand et al. (2011) deploy Poulantzas’ notion of the
state as a condensation of societal relationships of forces, underlining
that different state apparatuses may have different and conflicting re-
lations with growth, fossil fuels, and nature. Eckersley (2021) turns to
neoGramscianism to develop a more historicist understanding of green
state transformations that overcomes the alleged functionalism of eco-
Marxists and critical political economy approaches. This has political
stakes too: a keen attention to uneven fields of power relations, the al-
ways incompleteness of hegemonic projects, and the concrete circum-
stances of specific conjunctures, allows for the identification of ‘the
political opportunities (and dangers) that are presented for ecological
transition, including sites within the state and civil society or in-
termediaries (parties, social networks etc,) that hold the most potential
for new transition initiatives’ (Eckersley, 2021: 255). Others draw on
Foucault. For instance, Death (2016) conceptualises the green state in
Africa as an assemblage of environmental rationalities, discourses, and
technologies of government. This sheds light on the centrality of
resource governance in state formation and on the multiple forms of
resistance that shape the governance of natural resources.

This speaks to a related subfield of political geography — the ‘political
ecologies of the state’ — which engages with ‘questions of state-making,
and state consolidation and power in relation to manifold and contested
“natures”, including attention to resource management, infrastructures,
or changes’ (Harris, 2017: 90). Here too the state rarely appears
monolithic, coherent, or temporally/spatially stable (Meehan and Mol-
den, 2015: 440; Robbins, 2008). Rather, it is conceived as the effect of
everyday concrete practices and spatial arrangements of humans and
non-human materiality. A central area of enquiry is the co-production of
stateness, objects of government, and the daily activities of state and
non-human agents, with a focus on resistance and contestation. As
Robertson (2015: 463) notes, this ‘has proven very productive for po-
litical ecologists who can understand their site as not just at the
receiving end of national and global forces, but as also constituting the
hegemony that allows national and global power to operate as such’.
However, political ecologists ‘have historically been reluctant to be
explicit about what the state itself is,” which is problematic insofar as the
state as a real abstraction (and something more than the sum of its bu-
reaucrats and policymakers) constitutes a formidable material force for
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environmental change (Robertson, 2015: 457, 564; Loftus, 2020: 139,
141). This is arguably a serious obstacle to developing a theoretically
informed understanding of the antinomies of state-led environmental
transition.

Accordingly, a number of political ecologists have turned to
Gramsci’s writings, with the objective of simultaneously de-fetishizing
the state and acknowledging its material force, by conceiving it as an
embodiment of contradictory relations, interests, and socio-ecological
struggles within the broader context of capital accumulation (Ekers
etal. 2009; Bridge 2014; Robertson 2015; Loftus 2020). This is related to
recent interest amongst political ecologists in historical materialist
theories of the state, notably the work of Jessop (Whitehead et al., 2007;
Pichler and Ingalls, 2021) and Holloway (Angel, 2017; Angel and Loftus,
2019). These theories are useful for political ecologists to study (and
advocate for) socio-ecological struggles in-and-against the state. Insofar
as the state embodies such struggles, the argument is that practices of
self-organization from below have the potential to transform it in a
green direction. Political ecologists can thus acknowledge the capitalist
state’s structural limitations while opening space for the possibility of its
transformation. This, however, is not without contradictions: as Loftus
notes (2020: 144), socio-ecological struggles waged in-and-against the
state ‘might have the paradoxical result of empowering the very in-
stitutions from which forms of [ecological] injustice emerge.’

This article contributes to these debates in the following way. By
contrast with ecological modernization approaches, we provide neither
a normative outline of a state that would be more institutionally pre-
disposed to furthering ecological sustainability, nor a specification of the
circumstances in which such a green state could emerge. Instead, we
side with critical accounts that insist that the liberal capitalist state is the
political form of a bourgeois society predicated on the expanded
reproduction of capital. However, where critical approaches have
largely focussed, in abstract-general terms, on the incompatibility of a
genuinely ecological state with capitalist growth, we aim to complicate
understandings of the antinomies of state-led transition by focusing on
concrete contemporary transformations in the form, pace, and direction
of capital accumulation. We refer to the multiple crises of ‘late’ capitalist
society, including economic stagnation, growing surplus populations,
and environmental destruction - and their implications for state
governance.

We submit that these capitalist transformations provide a useful
analytical entry point into the capitalist state’s political-ecological fu-
tures. Indeed, the capitalist state has demonstrated a remarkable ability
to transform itself throughout the history of global capitalism, in
response to crises, wars, social unrest, and changing patterns of capital
accumulation. Developing a fine-grained understanding of the antin-
omies of state-led transition requires examining the fundamental con-
tradictions at the heart of the capitalist state form, while further
scrutinizing how capitalist governance is affected by historically specific
transformations in the dynamics of capital accumulation. Simply put,
the state’s capacity to address environmental change is conditioned by
both abstract-general determinations (its form, nature, and class char-
acter) and by the concrete historical development and geographical
remaking of global capitalism.

This latter puzzle has not received sufficient attention. Political
ecologists writing on the state (including from a broadly historical
materialist perspective) tend to focus on everyday practices, green dis-
courses, competing hegemonic projects, and socio-ecological struggles
in-and-beyond the state — arguably at the expense of studying the
structuring conditions of these struggles and practices, namely the
expanded reproduction capital. To the extent that the dynamics of
capital accumulation have been considered in discussions of green state
transformations, these have been understood primarily in terms of a
shift from a Fordist to a post-Fordist regime of accumulation (in Regu-
lationist fashion, cf. (Paterson, 1996; Brand and Wissen, 2021), and in
the context of theories of ecologically unequal exchange, which
emphasize unequal material exchange relations (flows of natural
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resources, energy, waste, etc.) among countries holding different posi-
tions in the world-system (Hornborg, 2012). Little attention is paid to
deep-seated capitalist trends such as economic stagnation and the
multiplication of surplus populations, which, while at the heart of bur-
geoning political economy debates on capitalism’s future (cf. Schwartz,
2021; Bernards and Soederberg, 2021), have not been brought to bear
on scholarly discussions of state-led environmental transitions.

Our argument is therefore that attention to directionality of capital
accumulation allows for the further problematization of the state’s role
in environmental transition.” Indeed, the multiple crises of ‘late’ capi-
talist society are the product of the same developmental logic, leading to a
compounding of the tensions at the heart of the capitalist state and to a
reconfiguration of the dilemmas it faces regarding environmental
transformation. This not only has fundamental implications for the
prospect of state-led green projects — it is also a valuable analytical entry
point to scrutinize the seeds of future capitalist state transformations in
our miserable present.

3. Capitalist directionality and liberal anachronism
3.1. Putting out fires

The liberal form of the state does not simply refer to a variety of
capitalist governance, such as the ‘liberal market economies’ identified
by the Comparative Capitalisms literature, nor to the ideological
disposition of particular governments. Instead, liberalism is a structural
dimension of all states in a capitalist society. Capitalism is historically
novel in that it takes the bifurcated form of a separate economic and
political realm. In the economic arena, formally independent actors with
vastly different levels of wealth engage in market exchange with one
another. The economy is depoliticized in that ‘the social allocation of
resources and labour’ is not chiefly effected through political direction,
juridical coercion, or customary obligation, but by the rationalistic
‘mechanisms of commodity exchange’ (Wood, 1981: 81). Yet this po-
litical content does not disappear. It is instead concentrated in a
differentiated political arena, where these same market actors now greet
one another as citizens of equal standing before the state — a formally
neutral institution that stands above the citizenry, seeking its consent to
govern in the general interest, and in turn enjoying a monopoly of
violence to secure against external foes and uphold social order and
market freedom (Clarke, 1988).

Such a state, divorced from the economy and in turn intervening
upon it, is structurally liberal whether or not it adopts a liberal gov-
erning style. Indeed, reproducing this political/economic separation —
the edifice upon which capitalist society rests — may well require both
liberal and illiberal policy measures. Liberalism demands the constitu-
tion of a private sphere where individuals can conduct their affairs,
pursue their own ends, and dispose of their property independently of
the whims of public authority. Yet from the state’s perspective the
separation of the economic and the political is not a merely moral affair.
It is a condition necessary for its own material existence, as it depends on
the health of the private sphere for revenues and legitimacy. As such,
capitalist imperatives shift the state’s priorities away from personal
liberty: propping up accumulation might even require individuals to
‘sacrifice for the survival or rebounding of the economic whole’ (Brown,
2016: 11). For instance, as Landa (2010) shows, many liberals them-
selves endorsed fascist governing principles that suppressed the indi-
vidual liberties of working masses when these threatened to undermine
the property rights of capitalists. Thus, policies that curtail liberal rights
and liberties may be instrumental in sustaining the liberal form of the
state and preserving the independence of the economic.

2 We use the term directionality not in the sense that capitalism is pre-
determined, but in the sense that it is characterised by cumulative changes in its
determinate historical development.
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Yet although the liberal state is formally differentiated from the
economic sphere, this does not mean that it is autonomous from capi-
talism, relatively or otherwise, as suggested by Regulationist and We-
berian accounts of climate policy. States do not enjoy a privileged
vantage point vis-a-vis the tumult of capitalist society that would allow
them to construct long-term, coherent frameworks to govern capitalist
development. Rather, capitalism is a holistic social system, both political
and economic. The state is the ‘political form’ assumed by capitalist
social relations (Bonefeld, 2014). Indeed, while state power undergirds
every moment in the circuit of capital, state action also accidentally
creates a system of abstract compulsions that in turn dominates states.
By inserting the national economy into the world market, policymakers
unwittingly subject themselves to the alienated dictates of global
competition. Governments must wield the state apparatus to ensure
their domestic economy’s international competitiveness, or face a range
of impersonal sanctions. However, the state cannot simply give in to this
nebulous competitive imperative. It must simultaneously maintain a
stable domestic social order, which regularly contradicts the re-
quirements of global competition. This is the ‘politics of governing
alienation’ endemic to liberalism: the state’s attempt to chart a course
between the unending competitive dictates that it itself unconsciously
reproduces and the heterogeneous demands of its political constituents
(Copley and Moraitis, 2021).

Compelled to navigate this contradiction, liberal state governance is
haphazard and reactive — more akin to putting out immediate fires than
forging durable patterns of economic development. The record of state
climate policy illustrates this well. Attempts to reduce carbon emissions
must gel with strategies to maximize national economic competitive-
ness, so as to generate the revenues required to fund green trans-
formations, while simultaneously satisfying diverse political
constituencies that include extractive workers and communities
threatened by global warming. The result is a policy mess, riven with
inconsistencies and U-turns, that is unable to coherently address any of
these concerns. Climate policy’s enduring failure is not simply a failure
of political will, but rather reflects the foundational contradiction of
liberal governance, namely that the state must try to purchase social
peace while obeying the world market’s competitive imperatives.

3.2. Capitalism’s developmental logic

If capitalist states are perennially pulled in opposing directions by
the abstract pressures of market competition and the concrete demands
of political constituents, they are also tasked with governing a social
formation with a definite developmental trajectory. In its quest for
expansion, the capitalist economy generates a historical dynamic that
tends to secularly decay the conditions of its reproduction. Capitalist
development is underpinned by a tendency towards waning economic
dynamism, a secularly growing surplus population, and an accelerated
degradation of nature. These intersecting trends are unleashed by the
same logic of runaway productivity growth that propels the accumula-
tion of capital.

The central regulative principle of the law of value is that com-
modities must be produced within the average productivity standards of
their sectors or fail to realize their value (Marx, 1976: 129). The labour
time expended in production by individual producers must be validated
as value-bearing in exchange if production is to remain profitable
(Bonefeld, 2020). Producers falling behind established productivity
standards stand closer to financial ruin. Conversely, the nearer they are
to the productivity frontier the larger the surplus of value they can
pocket.

This competitive pressure drives average productivity to constantly
higher levels and in doing so produces an ever-intensifying tension be-
tween what Marx calls the labour process and the valorization process.
Capitalist production is simultaneously a process of ‘producing utilities’
and ‘producing surplus value’ (Marx, 1976: 304). Yet as capitalism
matures, these two functions of capitalist production become
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Fig. 1. The ‘wicked trinity’ of late capitalist governance.

increasingly disconnected because productivity gains expand the
amount of ‘utilities’ produced within a given timespan but decrease their
individual value. Consequently, runaway productivity growth tends to
undermine valorization by progressively reducing the total surplus value
represented by a given sum of commodities (Ortlieb, 2013). This
fundamental asymmetry between the production of utilities and surplus
value is at the source of late capitalism’s intersecting crises. Crucially,
however, our argument seeks to move beyond the deterministic lan-
guage of established Marxist accounts of the tendency of the rate of
profit to fall according to which capitalism inexorably tends towards a
state of lower returns and economic breakdown (see Carchedi and
Roberts, 2018). Our account of capitalist directionality points to certain
secularly intensifying tendencies — waning dynamism, human super-
fluity, and environmental destruction — that become increasingly diffi-
cult, yet not impossible, to counteract or mitigate as capitalism matures.

While individual firms are compelled by the profit-or-perish law of
capitalist competition to continuously raise labour productivity, this
contributes to conditions of economic stagnation at the aggregate level
(Moraitis, 2022). Firms tend to compensate for decreasing profit rates by
expanding the volume of production, ultimately leading to market
saturation and overcapacities, rendering these firms’ viability increas-
ingly precarious (Clarke, 1988). In response, investors may redirect their
capital to less saturated sectors. Yet this productivity-enhancing in-
vestment risks replicating the same tendency towards overcapacity in a
new sector (Endnotes, 2010). In sum, while productivity growth is a
structural necessity imposed by the valorization imperative, it simulta-
neously constitutes the source of capitalism’s deteriorating conditions of
reproduction. This tendency has been particularly pronounced in recent
decades, manifested in the slowdown of GDP growth, weak investment,
intensified competition, and industrial overcapacities across sectors
(Schwartz, 2021; Benanav, 2020).

Capitalism’s in-built tendency towards stagnation amplifies the job-
shedding effects of productivity growth. In a dynamic capitalist econ-
omy, job losses in a particular sector due to productivity-enhancing
technologies can be offset by the acceleration of investment or the
development of new products in booming sectors (Marx, 1976: 583).

This becomes increasingly complicated in conditions of stagnation,
whereby firms have little incentive to undertake investment (Benanav,
2020). Labourers are expelled from production at a faster rate than they
can be re-absorbed. Consequently, exceptionally high levels of invest-
ment are needed to recuperate the jobs lost to labour-saving machinery
(Marx, 1976: 789). Capitalism exhibits a growing inability to sustain
existing levels of labour demand as it matures, thereby generating a
trend towards the production of an expanding army of superfluous
proletarians (Arzuaga, 2019). Superfluity manifests as both mass un-
employment and underemployment, as an increasing number of people
are forced to make ends meet in precarious jobs — from app-mediated
services to street hawking (Smith, 2020; Jones, 2021; Weiss, 2021).2
This crisis of work is inescapably linked to the unfolding environ-
mental catastrophe because runaway productivity growth also generates
a ‘blind compulsion to dominate nature’ (Cassegard, 2021: 194).%
Schnaiberg’s (1980) metaphor of the ‘treadmill of production’ is a
powerful description of the intrinsic link between capitalist production

3 The overarching trend towards greater overcapacity and labour superfluity
does not exclude the possibility that state stimulus on a sufficient scale can
result in undercapacities and labour shortages in certain sectors for a period of
time. Indeed, the recovery from the Covid-19 recession — powered by extraor-
dinary state interventions — has witnessed industrial supply chains fail to keep
up with buoyant demand while many businesses have struggled to find workers
(Santacreu and Labelle, 2022). These conditions can be easily interpreted
within our framework. On the one hand, they demonstrate that increasingly
exceptional measures are needed to generate an uptick in growth and labour
demand. On the other hand, current labour shortages are partly the result of
people’s refusal to return to precisely the type of precarious and taxing jobs
generated by an economy characterized by chronic underemployment (i.e., the
so-called Great Resignation) (see Choonara et al. 2022; Causa et al. 2022).

4 Following Marx, we define productivity as the volume of commodities
produced per unit of time. Although post-2008 productivity indicators in the
developed and developing world have shown signs of a slowdown, they mea-
sure the monetary not physical output per worker hence obscuring the growing
consumption of nature involved in achieving even modest productivity gains
(see Smith 2020: 84-85).
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and environmental destruction. The treadmill describes an ecocidal
pattern of growth whereby each new round of investment accelerates
both the withdrawal of resources from nature to fuel production, as well
as additions to nature in the form of toxic waste or greenhouse gases.
While Schnaiberg originally attributed the treadmill to post-World-War-
II monopoly capitalism, we argue that this ecocidal growth pattern ex-
presses the deeper tension between the valorization and labour pro-
cesses. In a context of stagnation, capitalist production must accelerate
the extraction of natural resources just to realize the same amount of
surplus value as before, since this value is now spread across a large
number of commodities (Machado, 2021). Rising material inputs —
including energy and raw materials — must be consumed to offset falling
profitability. The accelerative dynamic underpinning productivity
growth means that capital must consume the material environment at
faster rates than natural resources can replenish themselves (Blu-
menfeld, 2022). Environmental breakdown in turn contributes to the
destruction of livelihoods and means of survival, predominantly in the
Global South, amplifying other forms of displacement and dispossession
and bloating the surplus population’s ranks (Bernards and Soederberg,
2021). According to some estimates, 1.2 billion climate-related refugees
are expected by 2050 (Transnational Institute, 2021).

For capitalist states, this multifaceted crisis appears in the form of a
‘wicked trinity’ (see Fig. 1). Each pole of the trinity, albeit a product of
the same developmental logic, is experienced by policy-makers as a
distinct crisis with its own set of challenges. However, due to the mul-
tiple feedback mechanisms between the poles, the contradictions and
conflicts associated with each pole cannot be dealt with independently
from those associated with other poles. Thus, the dynamics inherent to
one pole constrain the state’s room for manoeuvre to address the others.
This ‘wicked trinity’ leads to a compounding of the tensions at the heart
of the capitalist state, resulting in the latter’s increasing inability to
perform its role in capitalist society while sustaining its liberal form.

3.3. The anachronism of liberal governance

Faced with this ‘wicked trinity’, states are increasingly called upon to
deploy policies that contravene their liberal character. Yet, at the same
time, modalities of liberal governance - facilitating market freedom,
enabling competition, responsibilizing individuals against economic
risks, and depoliticizing economic relations — remain essential to disci-
plining domestic constituencies in line with the global imperatives of
accumulation. It is precisely the growing inadequacy yet continued
necessity of liberal governing methods that we seek to capture with the
notion of the anachronism of liberal governance (Moraitis 2021).

Liberal governance has two faces. Its political face is associated with
processes of civic enfranchisement, representation, participation, and
equal rights for all (Landa, 2010). Its economic face is concerned with
the enforcing of a neat separation between the economic and the po-
litical, and the consolidation of a rules-based order to ensure the func-
tioning of ‘free’ markets (Plant, 2010). Our argument is that the ‘wicked
trinity’ places growing strains on both aspects of the state’s liberal
character. This is evident in states’ contradictory attempts to manage the
crises at each pole of the trinity and their interrelations.

Take, for instance, the increasingly coercive forms of rule and
repressive technologies of labour containment developed by states in
both the Global North and Global South to address the multiplication of
surplus populations. Disciplining and governing the latter has involved
pronounced authoritarian tendencies, from aggressive border militari-
zation, the development of Al-powered systems of mass surveillance, the
criminalization and brutal repression of social movements and various
forms of dissent (from the Gilets Jaunes insurrection to the climate
movement), to the suspension of the rule of law and civil liberties (Bruff
and Tansel 2020). Increasingly exclusionary notions of national identity
and citizenship have been used to cultivate support from insiders and
divide populations.

To be sure, within the liberal order, the promise of political
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emancipation has always been reserved for a relatively circumscribed
‘community of the free’, while those excluded from it - slaves, colonized
populations, women, and paupers — have been subject to intense state
control (Losurdo, 2011). Yet, in a context of dwindling labour market
opportunities and environmental destruction, liberal governance
increasingly relies on the exclusion of more and more people from the
community of the free. Surplus humanity becomes a matter of policing,
surveillance and incarceration (Gilmore, 2007; Clover, 2019; (Wac-
quant, 2010). Nowhere is this more visible than in the choice of the
world’s richest countries to spend more annually on securitizing their
borders than on mitigating climate change (Transnational Institute,
2021). Consider also the various deals that the EU has made with
Turkey, Libya, and Morocco to outsource authoritarian ‘migration
management,” or the UK’s policy to send asylum seekers to Rwanda
(euphemistically known as the Migration and Economic Development
Partnership). Liberal capitalist states’ responses to the multiplication of
surplus populations thus appear in the (illiberal) form of a proliferation
of police forces, border walls, and restricted - if not denied - civil and
political rights, to secure the interests of a rapidly thinning community
of the free.

We witness not only the progressive disfiguration of liberal gover-
nance’s political face, but also the hollowing out of its economic core as
policy-makers find themselves pressed to violate the principles of liberal
economic policy. Of course, the recourse to emergency policy measures
that temporarily suspend or bypass the logic of market mechanisms is
not a novel feature of liberal governance. What Best (2017) calls ‘liberal
exceptionalism’ is in fact a recurring policy reflex that capitalist states
embrace to manage social tensions in times of crisis, ultimately to pre-
serve the liberal order itself (Mann, 2017; Sumonja, 2021). Yet, in the
context of late capitalism’s wicked trinity, there is a change in the scale,
intensity, and frequency with which governments have recourse to such
measures. Put simply, in late capitalism, the line between ‘normal’ pe-
riods of liberal governance and exceptional periods of emergency poli-
tics becomes increasingly blurred.

Liberal economic governance has in many ways turned into perma-
nent crisis-management. The bank bailouts and massive liquidity in-
jections following the 2008 crash already offered a glimpse of the scale
of exceptional, market-distorting interventions states are called to un-
dertake to maintain the stability of a fragile financial system that has
grown on the back of a persistently stagnating economy (Tooze, 2018).
The crisis management of the COVID-19 pandemic emulated the same
logic of ‘emergency Keynesianism’ (Sumonja, 2021). To prevent the
aggravation of the slump’s accompanying social dislocations, govern-
ments around the world once again suspended ‘market normality’ and
resorted to extraordinary monetary policy, the nationalization of ailing
firms, creation of furlough schemes, and provision of state aids.

Liberal economic governance is transforming in the face of ten-
dencies towards economic stagnation, industrial overcapacity, and
intensified competition in global markets. Since the turn of the millen-
nium, states in both the Global North and Global South increasingly rely
on muscular forms of statism. They have enlarged their role as owners of
capital and as investor-shareholders, resulting in the proliferation and
growing salience of state-capital hybrids (such as sovereign funds, policy
banks, state enterprises) (Alami and Dixon, 2022, 2023). They experi-
ment with new combinations of techno-industrial policy, encompassing
funding for R&D and scientific-technical training, government pro-
curement policies, credit subsidies, tax breaks, targeted state aid pack-
ages, national champion policies, investment in large-scale
infrastructure, etc. These policies aim to achieve defensive objectives
(protecting sectors and restructuring declining industries at home in the
face of stagnation and competition) and offensive ones (favouring
transitions to new areas of sectoral competitiveness, including in energy
renewables, as we will see below) (Bulfone, 2023). These strategies are
often combined with aggressive forms of competitive economic
nationalism, including trade and investment restrictions and ‘beggar-
thy-neighbour’ measures in the realms of exchange rates and monetary
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Fig. 2. The anachronism of liberal governance.

policy, to shift the burden of economic adjustment to other states.

These transformations put considerable strain on liberal economic
governance. Internationally, they threaten to fracture the rules-based
liberal order governing global trade and investment. Domestically, the
recurrent suspension of market-liberal principles (such as free compe-
tition or individual responsibilization [Davies, 2013]) make it increas-
ingly difficult to legitimize the political-economic dichotomy. Formerly
depoliticized economic matters become more exposed to political
contestation and struggles as they enter into the ambit of state re-
sponsibility. States tend to respond to the latter in the violent and
authoritarian ways discussed earlier to maintain order, placing further
pressure on the political dimension of liberalism.

Capitalist governance, then, tends to increasingly overflow the lib-
eral tradition’s bounds. This tendency is likely to deepen in the future, as
climate change intensifies the pressures placed upon the state to violate
liberal orthodoxies in order to avoid the disorderly unravelling of liberal
society itself. Besides, as they attempt to remedy stagnation states can
exacerbate the capitalist economy’s tendency towards escalating cycles
of labour displacement and environmental disaster. States are thus
directly implicated in the feedback mechanisms of the ‘wicked trinity’
and inadvertently complicit in the anachronism of liberal governing
principles.

And yet the paradox is that the growing anachronism of liberal
governance does not entail its wholesale abandonment. The frequent
bypassing and incoherent application of market principles is often
interpreted as a tell-tale sign of neoliberalism’s crisis and possibly
imminent demise (Kotz, 2015). Yet liberal exceptionalism occurs within
limits determined by the capitalist form of the state (Bonefeld, 2010).
States may ‘loosen market-based constraints’ on specific economic sec-
tors (through, for instance, liquidity injections, subsidies, or protec-
tionist measures) as a means of managing crises or achieving specific
objectives (such as catalyzing industrial upgrading or energy transi-
tions), but they cannot go as far as dismantling market discipline alto-
gether (Burnham, 2011). Doing so would rupture the social relations
that constitute capitalist societies, sabotaging the material basis of the
state’s own reproduction (de Brunhoff 1978). Market discipline is
necessary to ensure that economic actors are compelled by the imper-
ative of world-market competition to produce according to average

productivity standards. Thus, liberal measures remain relevant insofar
as they enable states to maintain competitiveness by exposing economic
agents to capitalist discipline. Liberal governance is both increasingly
anachronistic and insuperable in a society ruled by value.

In sum, in striving to secure the conditions for sustained accumula-
tion, states inadvertently create a world increasingly ungovernable by
liberal means (see Fig. 2). In the context of a warming planet, an
economy in quasi-permanent deceleration, and a growing surplus pop-
ulation, liberalism’s promise of political emancipation is restricted to
shrinking segments of humanity, while those shut out from the ‘com-
munity of the free’ are exposed to naked state violence. In the realm of
economic management, liberal governing principles are increasingly
suspended by emergency state interventions to maintain social order
and capital accumulation. This dynamic is visible across a range of
contemporary political developments, as discussed above. Yet it is even
discernible in one of the supposed success stories of the liberal decar-
bonization vision, namely the solar PV revolution.

4. Contradictions of the solar miracle
4.1. A sunrise industry

‘The future looks bright for solar energy’, the World Economic Forum
observed in 2020. From 2010 to 2019, nearly US$1.4 trillion of in-
vestment flowed into global solar capacity, propelling a rapid growth in
solar-generated electricity and driving down its price by more than 80
%, making it cheaper than fossil fuel alternatives in most parts of the
world (Frankfurt School-UNEP Centre/BNEF, 2020: 31; IRENA, 2020:
11). Within the broader solar sector, the standout industry has been
solar PV. The case of solar PV casts doubt on certain Marxist claims
about the fundamental link between capital accumulation and fossil
fuels (Malm, 2016; Altvater, 2007), and instead appears to confirm
Ecological Modernization accounts of the malleability of capitalism’s
energy regime (Mol and Spaargaren, 2000). As Paterson (2021: 401)
notes, the solar miracle may suggest that ‘the investment and techno-
logical dynamics of capitalism mean it can in principle shift to non-fossil
energy rapidly’.

Bolstering green state claims, solar PV’s price transformation was not



1. Alami et al.

a pure market phenomenon, but instead resulted from targeted political
intervention. The German government in 2000 implemented a feed-in-
tariff (FIT) scheme to incentivize the growth of solar-generated elec-
tricity (Hoppmann et al., 2014). This policy saw the German state
effectively guarantee the profitability of small- and large-scale solar
developers by awarding them above-market, subsidized prices for their
electricity. Similar measures were adopted across Europe, the US, and
gradually the Global South. By 2011, ‘50 countries had some form of FIT
in place, with more than half of these being in developing countries’
(UNEP, 2012: vi). This resulted in a dramatic expansion of demand for
renewable energy during the 2000s.

Developers sought to profit from these policy measures, powering a
boom in solar capacity construction and a global restructuring of the
solar PV supply chain. While Japan, Germany, and the US had histori-
cally dominated solar PV production, Asian economies began to ramp up
their capacities in the mid-2000s in response to rising demand (Mul-
vaney, 2019). Chinese firms in particular captured a growing share of
the market. While US manufacturers shifted away from the standard
crystalline silicon PV design towards more innovative thin film tech-
nologies, Chinese firms sought to simply produce crystalline silicon PV
panels at lower costs (Mulvaney, 2019). In doing so, Chinese solar panel
manufacturers exploited several advantageous conditions: a cheap and
disenfranchised labour force, government support, existing production
networks for semiconductors, technological expertise from Chinese na-
tionals trained in Western universities, importation of integrated
‘turnkey’ production lines from Germany, and financing from US capital
markets (Mulvaney, 2019; Hart, 2020; Nemet, 2019). Firms like Yingli
Green Energy achieved vertical integration across the solar PV supply
chain, from the production of polysilicon to the manufacturing of panels,
resulting in colossal economies of scale (Hopkins and Li, 2016).

As green industrial policy became more important to the Chinese
Communist Party’s agenda during the mid-2000s, greater central state
funding was channelled into solar research and development. This
allowed Chinese firms to achieve impressive leaps in labour productivity
(Sandalow, 2019: 74; Hopkins and Li, 2016). By the 2010s, crystalline
silicon solar panel production had become a highly automated, capital-
intensive affair, with labour making up just 3-4 % of Chinese firms’ costs
according to one study (Platzer, 2015). In 2012, these labour-cost, scale,
and productivity advantages made Chinese solar panels 20 % cheaper
than their US competitors (Hart, 2020: 10). Consequently, by 2016
Chinese producers made up 51 % of global solar panel manufacturing
capacity, compared to just 7 % for Europe and the US combined (Mul-
vaney, 2019: 28).

For solar farm developers, these price conditions translated into a
profit bonanza. Prices for their electricity output were set artificially
high by states’” FIT schemes, while the prices of solar panels had been
lowered by the aforementioned industrial transformations. The ‘total
installed costs for utility-scale [solar] projects’ fell by 79 % from 2010 to
2019 (IRENA, 2020: 27). Investment thus flooded into solar de-
velopments, particularly in Europe, the US, and Asia, powering a rapid
rise in capacity (REN21, 2017: 66). Against the deterministic predictions
of Marxist ecological thought, a set of innovative state policies appeared
to have effectively harnessed the dynamism of market competition for
the purpose of decarbonization.

4.2. Gathering clouds

However, doubts have begun to emerge over the solar market’s
future buoyancy. The threat on the horizon is the spectre of over-
production. Though not unique to the sector, ‘the tendency to over-
production [that] is equally characteristic of all branches of production’
is exacerbated by certain technical characteristics of utility-scale solar
(Clarke, 1994: 283).

Utility-scale solar PV plants — constituted by an interconnected
network of solar panels and regulatory systems spanning a large terri-
tory — require massive upfront investments in labour and fixed capital.
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Yet, once constructed, the functioning of solar farms is a highly mech-
anized affair, implying very low operating costs (Wiser et al., 2020).
Thus, when the project is off the ground, the marginal cost of producing
more solar electricity is near zero. In competitive conditions, this imparts
solar power with an exaggeratedly deflationary dynamic (Lewis, 2020).
Enhancing this problem is the fact that solar electricity is ‘non-dis-
patchable’: plants can only generate and sell electricity when the sun is
shining (Sivaram and Kann, 2016). This floods the grid with electricity
at peak times of the day, further driving down prices and eroding profits.
As more plants are constructed and greater solar capacity comes online,
these bursts of super-overproduction and consequent price plunges
intensify until a ‘breakeven point is reached, beyond which further in-
vestments in solar PV are no longer profitable’ (MIT Energy Initiative,
2015: 124). This phenomenon has been termed the ‘value deflation’ or
‘cannibalization’ effect by renewable energy analysts (Blume-Werry
et al., 2021; Prol et al., 2020). The danger is that if state subsidies are
withdrawn from this sector, and market prices come to reflect the forces
of supply and demand rather than political priorities, the cannibaliza-
tion effect will undermine the business case for solar capacity additions
before decarbonization targets can be reached.’

A 2015 MIT study (xii) captures the nature of the dilemma: ‘In
competitive wholesale electricity markets, the market value of PV
output falls as PV penetration increases. This means PV costs have to
keep declining for new PV investments to be economic’. In other words,
to maintain solar plant profitability, the costs of developing plants must
continue to fall at least as fast as solar electricity prices, in an unending
downward spiral: ‘cost-competitiveness for solar is a moving target’
(Sivaram and Kann, 2016: 1). Firms in the upstream parts of the solar
supply chain - from polysilicon production to panel manufacturing —
must perpetually revolutionize their industrial methods so as to deliver
ever cheaper solar panels.

Yet upstream firms are themselves struggling with massive over-
capacity, depressed output prices, and low profitability, which impedes
further investment and price reductions. China’s entry into this industry,
which so boosted the fortunes of solar plant developers, was disastrous
for many solar panel producers (Hart, 2020). This injection of compe-
tition drove up the industry’s capital intensity, as firms the world over
sought to survive by introducing advanced machinery and achieving
economies of scale (Powell et al., 2015). The tremendous productivity
gains unleashed by these machine investments flooded the market with
solar panels and reduced prices, pushing down the rate of profit in these
upstream segments (Frankfurt School-UNEP Centre/BNEF, 2020: 71).
The result is a ‘high-capex, low margin environment’, in which few firms
can survive (Buonassisi et al., 2016). A spike in bankruptcies struck the
industry in the early 2010s, concentrated in Europe and the US (WIPO,
2017). But even Chinese firms have struggled to remain afloat in these
conditions: ‘The median operating margin for a group of predominantly
Chinese large manufacturers’, one study found, ‘fell to an estimated
negative 40 percent in 2011 (Hart, 2020: 11). In line with sinking
profitability, global new investment in solar peaked in 2011 before
falling in the subsequent two years; global panel production rose pre-
cipitously in the late 2000s before slowing in the period 2011-2014; and
average panel prices fell steeply from 2007 to 2012 before stabilizing
thereafter (BloombergNEF, 2019; IEA PVPS, 2021: 50; Roser and Ortiz-
Ospina, 2022).

However, just as solar manufacturing began to stagnate — exacer-
bated by US and EU tariffs on Chinese panels — it was rescued by the
Chinese state, which developed a massive domestic solar PV market
from 2013 to 2018 through generous subsidy and support measures

5 Increased energy storage capacity could mitigate this deflationary dynamic
by allowing for the better matching of electricity supply and demand. Yet
Bistline (2017: 370) argues that ‘storage is not a panacea for preventing
decreasing returns’ to solar investment, as its ability to allow suppliers to
arbitrage electricity prices declines as storage deployment increases.
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(Dong et al., 2020). This tremendous political support catalysed another
wave of investment in all segments of the solar PV value chain. Yet this
once again resulted in huge overcapacity, particularly in panel
manufacturing, that led the Chinese state in 2018 to announce the
accelerated phasing out of its solar subsidies (Dong et al., 2020). It is
unclear whether, in the absence of such extraordinary support, panel
manufacturers can achieve the continually booming output and panel
price reductions required to maintain the profitability of utility-scale
solar plants.

Solar PV as a whole resembles a dog chasing its tail with less and less
vigour. The entire industry is increasingly warped by a pattern of rising
productivity, overcapacity, and depressed profitability. Each segment of
the supply chain is implored to achieve ever-greater cost reductions just
to sustain existing profit rates. But such cost reductions become harder
to achieve as new investment is deterred by glutted markets and narrow
margins. This exemplifies the directional logic of capital accumulation
discussed earlier. As competition drives up capital intensity and labour
productivity, the same magnitude of value becomes spread across a
greater number of commodities, creating a tendency towards over-
production and falling profitability. As the productivity frontier ad-
vances, ever more radical measures to expand markets and cut costs are
needed to simply tread water in profitability terms.

Although exacerbated by utility-scale solar PV’s technical charac-
teristics, overproduction is a generic feature of capitalist development.
What energy analysts observe as solar’s unique ‘cannibalization effect’ is
a particular instance of capitalism’s universal drive to auto-
cannibalization (Jappe, 2017). Indeed, the last twenty years have wit-
nessed this sector begin to transform into a typical capitalist industry,
namely-one wracked by overcapacity and depressed profitability
(Brenner, 2006). This generates a series of intractable problems for
policy-makers, pushing them to the limits of the liberal tradition.

4.3. Liberalism eclipsed?

The case of states’ governance of solar PV sheds lights on several (if
not all) aspects of the wicked trinity. In seeking to allay the looming
climate catastrophe generated by capitalism’s expansionist logic, states
have provided support to solar PV in an effort to catalyse a green in-
vestment wave. While initially successful, the dynamism of the solar PV
industry has threatened to wane as a result of the self-defeating char-
acter of capitalist accumulation. In order to resuscitate this green boom,
states are increasingly pressed to undertake actions that not only erode
their liberal foundations but risk exacerbating different poles of the
wicked trinity.

State subsidies for the solar industry were intended to be temporary.
The argument went that subsidies like FITs would incentivize invest-
ment in solar panel manufacturing and electricity generation, propelling
competition and technological upgrading. Once solar electricity could
compete on price terms with other energy sources, subsidies could be
withdrawn and the expansion of solar would continue without state
support. Following this logic, European FIT schemes peaked in 2009,
before being sharply reduced (Sendstad et al., 2022: 5). In place of FITs,
the price of European solar electricity has been increasingly determined
by market forces, with electricity sold either through wholesale markets
or Power Purchase Agreements (Christophers, 2022).

However, with some exceptions, Europe’s solar market has failed to
flourish without state support. Instead, European solar capacity addi-
tions have tracked subsidy changes, with a slight lag — peaking in 2011
before falling sharply (Sendstad et al., 2022: 4). New solar installations
in Europe began to recover from 2017, although by 2020 they had still
not reached their 2011 peak (REGlobal, 2021). In the UK, for instance,
solar subsidies were slashed in 2015, leading to a collapse in solar in-
vestment and the loss of a third of jobs in this sector (PWC, 2016). By
contrast, 2020 was a record year for new solar installations in China and
the US. Yet according to REN21 - a leading renewable energy think tank
and governance group — the Chinese and US solar construction boom
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resulted from a dash by developers to take advantage of subsidies before
their expected expiration at the end of 2020 (REN21, 2021: 119-122). As
REN21’s Global Status Report explains: ‘In 2020, manufacturers and
developers across much of the solar PV industry experienced low mar-
gins’ (REN21, 2021: 129). This meant that the ‘cost-competitiveness’ of
solar PV was ‘insufficient on its own’ to perpetuate an investment boom,
such that ‘Government policies continued to propel most of the global
market in 2020° (REN21, 2021: 118). ‘[W]here the external government
stimulus to investment was removed, the investment case once again
became marginal’, Brett Christophers (2021: 151) notes. As deadlines
for meeting climate objectives near, and solar proves unable to boom in
the absence of extraordinary public intervention, states will be forced to
decide whether to sacrifice their decarbonization goals or their liberal
budget stances.

In addition, the EU and the US have faced pressures to adopt
increasingly interventionist techno-industrial policies towards their
domestic solar PV sectors, chiefly in the form of funding for automation.
This changing policy stance has at least two objectives. Firstly, it seeks to
reverse the annihilation of European and US solar PV manufacturing
capacity by Chinese competition. As of 2020, around 66 % of global
solar cell production was located in China, while the US and EU each
boasted roughly 1 % of global production (REN21, 2021). Secondly, this
strategy looks to lower the costs of solar farm development, in order to
boost the profitability of solar projects and thereby accelerate the energy
transition.

Within the EU’s Horizon 2020 research and innovation programme,
which ran from 2014 to 2020, funding was directed to 39 solar energy
projects. The largest was the development of an automated solar panel
manufacturing facility in Catania, Italy: ‘The final goal of the project is
... the setting-up of a 100 MW full-scale automated pilot line’ so as to
regain ‘competitiveness of the EU PV manufacturing industry’ (Euro-
pean Commission,2021). Horizon 2020’s successor, Horizon Europe, has
also earmarked significant funding for solar manufacturing. The US state
too has provided various forms of support for solar manufacturing and
project development. As part of President Obama’s American Recovery
and Reinvestment Act, $12 billion in loans were authorized to the solar
sector between 2009 and 2011 (Mulvaney, 2019: 52). This federal
support was largely geared towards thin film PV panel production and
consequently had disappointing results once cheap Chinese crystalline
silicon panels hit the market (Mulvaney, 2019). Yet the Department of
Energy has continued extending funding to various solar projects
through its Solar Energy Technologies Office (SETO). One 2021 winner
of a SETO funding prize, RE2 Robotics, is developing a mobile robotic
arm to assist solar farm construction ‘by automating processes that are
currently done manually’ (resquared.com, 2021). Further, the America
COMPETES Act of 2022 has authorized $3 billion to develop a domestic
solar manufacturing supply chain — with the specific goal of clawing
back production capacity from China (Pickerel, 2022).

These forms of muscular state support are designed to help domestic
solar firms succeed in a glutted and low-profit global market by pro-
moting productivity gains. Yet in struggling to navigate the forces of the
climate crisis and the potential stagnation of solar PV, these state ini-
tiatives exacerbate another pole of the wicked trinity by undermining
the potential of solar to act as a source of job creation. For instance, in
the US in 2020, solar jobs declined by around 7 % while solar capacity
installations increased to record heights (SEIA, 2021). Indeed, the US’
largest solar plant — Copper Mountain Solar in Nevada - created just five
permanent jobs (power-technology.com, 2015). The expulsion of labour
through automation is also prominent in the mining activities that
produce the materials used for solar PV. In addition to quartz, panels
require mined metals such as copper and zinc, as well as by-products
from the smelting of these metals, like cadmium and tellurium (Mul-
vaney, 2019). As Arboleda (2020: 20) describes in his account of the
Chilean copper complex, minerals are extracted by ‘[a]utonomous
trucks and shovels’, before being transported by a ‘semiautomated train’
to be refined in ‘computerized ovens’ and finally shipped around the
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world through mechanized ports. Indeed, the automation of the solar PV
supply chain not only further contributes to overproduction and
declining profitability in the aggregate, but also worsens the problem of
surplus populations — rendering increasingly illusive the visions of a
worker-friendly energy shift embedded in the concepts of the Green New
Deal and Just Transition.

Finally, to further combat the profit-eroding effects of solar price
deflation, labour-intensive portions of the solar supply chain have been
dispersed to parts of the world where illiberal states oversee authori-
tarian labour regimes. Infamously, China’s Xinjiang region now pro-
duces 45 % of the world’s solar-grade silicon (Murphy and Elima, 2021:
8). In Xinjiang, Uyghur and Kazakh people are compelled by the Chinese
state, under threat of internment, to work in the solar industry for a
pittance or for no pay at all (Murphy and Elima, 2021). Similarly, US,
European, South Korean, and Japanese solar panel manufacturers began
to relocate their production to Malaysia in the 2010s (Bradsher, 2014).
With its low wages and circumscribed labour rights, Malaysia boasted
11 % of global crystalline silicon and thin film panel production capacity
by 2016 (Mulvaney, 2019: 28). In Europe too panel manufacturers are
spinning their production off to their near periphery in search of cheaper
and more pliant labour. In recent years, certain Swiss solar panel man-
ufacturers have shifted their production to Hungary, where Victor Orban
self-described ‘illiberal’ government has introduced a raft of anti-worker
legislation (Szoke, 2020).

States initially sparked the solar PV boom through effective subsidy
regimes. Yet these political interventions were meant to spark a market
revolution that would become self-propelling. In fact, the very engine of
the solar miracle was also its undoing: fierce competition and produc-
tivity gains created cheaper solar panels, but also dwindling profit-
ability. To rekindle solar PV’s dynamism - critical to meeting
decarbonization commitments - states are increasingly pressed to
violate liberal governance orthodoxies, through the indefinite continu-
ation of subsidies or support for automation technologies. Yet pursuing
the latter strategy further expels workers from the industry, exacer-
bating the problem of labour superfluity. In segments of the solar supply
chain that are difficult to automate, production is being gradually
relocated to states with authoritarian labour regimes, as firms seek to
maintain profitability despite glutted world markets. In governing solar
PV, states remain trapped in the wicked trilemma of late capitalism — a
challenge to which liberal policy frameworks appear to provide few
solutions.

5. Conclusion

This article contributes to ongoing debates on state-led environ-
mental transitions by offering a richer understanding of the tensions and
contradictions underpinning the governance of late capitalism. Our
analysis sheds light on the secular tendencies propelled by capitalism’s
directional development which are shaping the political ecological fu-
tures of the capitalist state: environmental breakdown, labour super-
fluity, and waning economic dynamism. In particular, we draw attention
to the ways in which the intersecting crises of late capitalism generate
new, irreconcilable dilemmas for capitalist states to manage. Indeed,
even as capitalism’s directional motion produces economic stagnation
while shedding superfluous workers and intensifying environmental
harm, society cannot afford to decelerate lest the economy is thrown
into even deeper disarray. State managers are called to put out fires on
multiple fronts, yet in practice tackling one of the trinity’s crisis-poles
without exacerbating another becomes an elusive goal. Increasingly
exceptional, exclusionary, and authoritarian political interventions are
needed both to keep capitalism’s economic engine running and manage
its associated socio-environmental emergencies. In short, the ‘wicked
trinity’ has created an uncertain, crisis-prone and precarious social order
that has become quasi-ungovernable by liberal means.

The case of the solar panel industry offers a crucial glimpse of the
irreconcilable challenges that state-led green transitions are bound to
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encounter in the age of the wicked trinity. Despite large government
subsidies to the sector, the dynamism of the solar industry quickly gave
way to thinning profitability and overproduction, while at the same time
struggling to absorb significant employment shares. Underlying the
impasses of the sector is a growing asymmetry between the sheer volume
of liberal-defying measures mobilized by states and capitalism’s feeble
potential for transforming into an inclusive and green economy at this
particular historical juncture.

Our analysis is sobering for the prospects of political initiatives that
hope to harness capitalist growth for the purposes of decarbonization —
whether market-based or Keynesian strategies (World Bank, 2012; Pol-
lin, 2019). Waning economic dynamism poses major problems for pro-
posals in the vein of the Green New Deal, insofar as they posit dynamic
growth as the material basis for scaling up clean energy investment and
creating employment. Furthermore, the multiplication of surplus pop-
ulations raises doubt as to the capability of such plans to create job
opportunities and raise living standard for the masses. The key challenge
is indeed to absorb the growing labour superfluity produced by the
directionality of capital, not simply the workers who will lose their jobs
when fossil fuel industries close. Certain Green New Deal and degrowth
approaches also presuppose an enlarged state role in new clean energy
investment, in order to lower the demands for profitability in energy
sectors and lengthen investment horizons (Pollin 2019; Schor and Jor-
genson 2019). Setting aside the question of how states would mobilize
the necessary resources over the long term to socialize investment
(without undercutting each other), altering profitability requirements
does not do away with the dynamics of overproduction fuelled by the
capitalist compulsion to increase labour productivity highlighted in this
article.

More promising are the radical elements that appear in some strands
of Green New Deal and degrowth thinking — as well as eco-socialist and
indigenous traditions — that advocate forms of common ownership and
democratic control of energy resources (Mastini et al., 2021; Liegey and
Nelson, 2020; Vettese and Pendergrass, 2022). Dismantling private
ownership and market competition is after all the key to defusing the
interlocking disasters of the wicked trinity. Such initiatives would
require tremendous social struggle, whether they seek to instrumen-
talize the state to transform property relations or construct alternative
forms of communal life beyond the state. Indeed, a core strategic
question that arises from our analysis is how radical climate movements
should relate to states whose liberal features are vanishing as they strain
to reproduce the bases of capitalist civilization in the face of the inter-
secting crises of economy, work, and nature. Strategies by environ-
mental justice movements to seize political power must negotiate the
challenge of states’ increasingly authoritarian and undemocratic char-
acter. But so too must strategies that foreground localized, sustainable
modes of living — they could face the dilemma of expanding to the point
that they invoke illiberal state repression or remaining small sustainable
islands in a sea of capitalist relations.

The purpose of our analysis is to reveal the structuring conditions in
which social struggles must take place. While the directional trans-
formation of capitalism and the attendant warping of the liberal state
present great challenges to emancipatory social movements, they also
create openings. Importantly, the anachronism of liberal governance
points to the possibility and necessity of building alternative political
institutions that would allow society to consciously regulate social life
instead of remaining subject to the imperatives of value production. By
deploying discretionary, liberal-defying, and market-distorting mea-
sures, states inadvertently open up the space for the politicization of
economic relations in more emancipatory directions. In other words, the
secular crisis of liberal governance offers a glimpse of a society whose
hands are not tied by the deadlocks of the capitalist market. The exis-
tential crises we face compel us to push for the transcendence of the
liberal form of the state and the transformation of the latter ‘from an
organ superimposed upon society into one completely subordinate to it’
(Marx, 2019: 1038).
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