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Introduction

That human societies have ecologies, that they are enmeshed in innumer-
able ecological relations with a plethora of living beings, that society is 
embedded materially in ecosystems, is a proposition that one can find in 
various formulations in all human cultures.1 Societies actively, passively 
and in unequal ways, participate in the biogeochemical cycles and 
ecological processes that make this planet the Earth.2 They have developed 
a diversity of languages and modes or representations of these relations 
and processes.3 Today, these ecological interdependencies have taken a 
dramatic turn, scientific assessments of climate change by the Intergov-
ernmental Panel on Climate Change (IPCC), of biodiversity loss by the 
less-known Intergovernmental Science-Policy Platform on Biodiversity 
and Ecosystem Services (IPBES)4 of surpassed or soon to be transgressed 
planetary boundaries, all point to a trajectory of global, rapid, often irre-
versible and catastrophic environmental transformation. Catastrophic 
because the future that is being produced by these geological, ecological 
and climatic changes will bring about a radically different planet than 
the Earth that saw the development of human societies since the last 
glaciation, a planet possibly inhabitable by humans organized in complex 

1. This is a central argument developed by the social ecology of Murray Bookchin, 
in particular in his Ecology of Freedom: The Emergence and Dissolution of Hierarchy. 
Palo Alto, CA: Cheshire Books, 1982. See also Maurice Godelier, The Mental and the 
Material: Thought, Economy and Society. London: Verso,1986; and Philippe Descola, 
Beyond Nature and Culture, trans. Janet Lloyd. Chicago, IL: University of Chicago 
Press, 2013.
2. Will Steffen et al., Global Change and the Earth System: A Planet Under Pressure. 
Berlin: Springer, 2004; and for a more recent synthesis, see IPCC, Climate Change 2021: 
The Physical Science Basis, Contribution of Working Group I to the Sixth Assessment 
Report of the Intergovernmental Panel on Climate Change, Valérie Masson-Delmotte 
et al. (eds.). Cambridge: Cambridge University Press, 2021. In press. www.ipcc.ch/
report/ar6/wg1/.
3. Descola, Beyond Nature and Culture.
4. For the Intergovernmental Panel on Climate Change, see www.ipcc.ch; and for the 
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services, 
see https://ipbes.net.
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societies.5 It is the experience and language of this catastrophic sense 
of the history of the future that has galvanized ecological movements 
worldwide and sparked a renewed wave of environmental radicalism in 
the last ten years.

Among the various struggles and mobilizations that mark this renewal, 
many directly engage with the materiality of capitalist society: struggles 
against fossil-fuel infrastructures, struggles against extractivism, 
whether it be large-scale mining or capitalist appropriation of biomass 
through plantations and industrial monocultures, struggles to define just 
socio-ecological transformations for workers and communities. To block 
a continental pipeline project, to successively oppose the construction of 
major LNG hubs, to shut down—even for only a few minutes—a lignite 
coal mine, to prevent ecocidal plantations or the felling of old growth 
forests, to stall or cancel the development of copper, graphite or lithium 
mines, all are engagements with the future of capitalist metabolism. 
Engagements that aim to curb the socio-ecological trajectory of the planet 
by breaking “business as usual” capitalist investments and production.6 
Few of these struggles and movements remain at this negative stage of 
Blockadia,7 the conditions of struggle themselves involve forging a vision 
of metabolic relations that should be given the existence of planetary 
and ecological thresholds,8 in opposition to those that are because of 

5. Will Steffen et al., “Trajectories of the Earth System in the Anthropocene,” Pro-
ceedings of the National Academy of Sciences of the United States of America, 115, no. 
33 (2018): 8252–8259. www.pnas.org/doi/pdf/10.1073/pnas.1810141115.
6. For a global overview of these struggles, see the Global Atlas of Environmental 
Justice, https://ejatlas.org.
7. Naomi Klein, This Changes Everything: Capitalism vs. the Climate. New York: 
Simon and Schuster, 2014.
8. The normative aspect of these “envisionings” of socio-ecological change is one of 
the characteristics that distinguish this contemporary wave of social transformation 
from New Left and New Social Movements of the late twentieth century with an eman-
cipatory project that focused rather on the “what could be” in tension with the “what 
is.” This tension often involved highlighting how capitalist social relations of exploita-
tion and other relations of domination actively repressed the emancipatory potential 
of a given level of technological and material development which promised abundance 
and freedom for all. This was, for example, a central premise of Bookchin’s social 
ecology. For an extensive discussion of this structure of the emancipatory project, 
see Pierre Charbonnier, Abondance et liberté: Une histoire environnementale des idées 
politiques. Paris: La découverte, 2020. For a discussion of the implications of founding 
an emancipatory project on self-limitation and an envisioning of what should be, see 
Ulrich Brand et al., “From Planetary to Societal Boundaries: An Argument for Col-
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capitalist development. Depending on locality and context, this can bring 
together around a common vision of transition broad swathes of society: 
environmentalists, citizen groups, labor and social justice organizations, 
first nations and peasant movements, who must all positively embrace not 
only the debate concerning the materiality of society, the need to institute 
just and viable limits,9 but also to rethink and rekindle ecological forms 
of production and reproduction. These struggles, both negative and 
positive, concern the shape, form and content of the social relations to 
nature of contemporary societies. Social ecology proposes a language and 
a system of representation for these struggles. All societies and cultures 
have the philosophical resources and linguistic capacities needed to 
represent in a true and creative fashion their social relations to nature,10 
and to critically engage with those relations that capitalist development 
has imposed. The language of social ecology cannot and should not 
replace these worldviews or cosmovisions, but it can accompany and 
nourish their struggles.11

ON SOCIAL METABOLISM

The contribution of social ecology to current environmental struggles 
is a mode of representation of the materiality and ecological relations 
of capitalist economies as social metabolism. The economic process of 
human societies in general can be described as a metabolic phenomenon, 

lectively Defined Self-Limitation,” Sustainability: Science, Practice and Policy 17(1) 
(2021): 264–291, https://doi.org/10.1080/15487733.2021.1940754. There are still 
today movements, groups and activists proposing an emancipatory environmental 
project based on the twentieth-century pattern of “what could be,” some versions 
of the Green New Deal, as well as self-proclaimed “Accelerationists,” for whom any 
discussion of limits is reactionary and self-defeating. An interesting example can 
be found in the progressive magazine Jacobin’s first engagement with environmen-
tal questions in its “Earth, Wind and Fire,” Jacobin 26 (2017). For an ecomodernist 
defence of an ecosocialist new green deal, see also Matthew T. Huber, Climate Change 
as Class War: Building Socialism on a Warming Planet. London: Verso, 2022.
9. Bengi Akbulut and Fikret Adaman, “The Ecological Economics of Economic 
Democracy,” Ecological Economics 176 (2020): 106750–106759, https://doi.org/ 
10.1016/j.ecolecon.2020.106750.
10. Unai Pascual et al. (eds.), “Summary for Policymakers of the Methodological 
Assessment of the Diverse Values and Valuation of Nature of the Intergovernmen-
tal Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES),” Bonn: 
IPBES (2022), https://doi.org/10.5281/zenodo.6522392.
11. Brand et al., “From Planetary to Societal Boundaries.”
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akin to the life processes of singular living beings and subsumed under 
the same biophysical laws: societies extract and put to work in their 
economic relations low entropy matter and energy which will eventually 
dissipate as high entropy wastes, in doing so, they maintain orderly 
material structures.12 For living organisms, this metabolic exchange is 
enmeshed in a web of complex trophic relations where one species’ waste 
is another’s food, metabolism is mediated by ecology. For humans, and 
their economies, this process of metabolic exchange is also mediated 
by social relations, by symbolic structures of meaning, by institutions, 
ideology and power. Metabolism is a “social ecology.”13 Thus understood, 
social metabolism is a dialectical category; it exists as mediation: social 
relations mediate natural processes and natural processes mediate social 
relations. More specifically, biophysical and social orders of causation 
intermediate each other in the metabolic processes of society.14 From 
this standpoint, the current ecological crisis can be approached as con-
tradictory in the sense that prevalent ways and modes of intermediation 
between biophysical and social processes appear as an aporia for the 
continued existence of both living nature and society as they exist actually 
on Earth. The purpose of social ecology, as critical theory, is to explore 
and explain these ecological contradictions as those of the economic 
process of capitalist societies.

We can trace the use of metabolism to understand the materiality and 
ecology of the economic process all the way back to Marx’s analysis of 

12. Nicholas Georgescu-Roegen, The Entropy Law and the Economic Process. 
Cambridge, MA: Harvard University Press, 1971.
13. Helmut Haberl et al., “Contributions of Sociometabolic Research to Sustain-
ability Science,” Nature Sustainability 2(3) (2019): 173–184, https://doi.org/10.1038/
s41893-019-0225-2.
14. See Christophe Bonneuil and Jean-Baptiste Fressoz, The Shock of the Anthro-
pocene: The Earth, History and Us, trans. David Fernbach. London: Verso, 2016. For 
Jason Moore, this would be a case of “double internality,” while an interesting proposal, 
the author’s argument adopts a Latourian ontology that is at odds with a dialectical 
understanding of nature–society relations developed by social ecology; see Jason W. 
Moore, Capitalism in the Web of Life: Ecology and the Accumulation of Capital. New 
York: Verso, 2015. Intermediation must not be reduced to conflation, for social ecology, 
the natural and social orders of causality are autonomous, though in metabolism they 
are articulated. In this sense, social ecology does mobilize the nature–society binary 
but in a dialectical and critical realist manner as a duality of properties and not of 
substances, on this, see Andreas Malm, The Progress of This Storm: Nature and Society 
in a Warming World. London: Verso, 2018.
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the labor process in Capital.15 For him, it was labor that mediated the 
metabolic relations of humans to nature. For social ecology, the range 
of mediating practices is much wider than what Marx understood 
as labor, even in a “primal” and transhistorical sense: it encompasses 
practices of reproduction, care and expressive activities as well as those of 
production. This limitation cast aside, Marx understood metabolism as 
the necessary biophysical mediation of societal reproduction—including 
the biophysical reproduction of human populations. And, as he argued in 
the German Ideology, one must not reduce “reproduction” to mere sub-
sistence requirements and biologically determined needs of humans as 
living organisms. In Marx’s words, “it is a definite form of activity […], a 
definite form of expressing their life, a definite mode of life [Lebensweise] 
on their part.”16 This insight contains a fundamental methodological 
principle for our work: the material reproduction of society is oriented 
by expressive and normative determinations bound together in social 
relations and symbolic structures.17 The economic process of human 
societies is a dialectic of metabolic and symbolic. It cannot be reduced 
to purely material and biophysical processes, yet, nor can it be reduced 
to a purely social process of reproduction of symbolic structures, or 
ideational representations, in abstracto of any social relations to nature. 
Social metabolism encompasses both.

Understanding these material relations as “natural” highlights the 
necessary biophysical transformations that matter and energy undergo 
as they are mobilized in the economic process of capital and put to work 
in social relations and practices. Understanding metabolism as “social” 

15. For a complete genealogical analysis, see Marina Fischer-Kowalski, “Society’s 
Metabolism: The Intellectual History of Materials Flow Analysis, Part I 1860–
1970,” Journal of Industrial Ecology 2(1) (1998): 61–78, https://doi.org/10.1162/
jiec.1998.2.1.61.
16. Karl Marx, The German Ideology. New York: Prometheus Books, 1998, 37. Leb-
ensweise could also be translated as a “way of life.”
17. This approach to the socio-symbolic is based on the dialectical sociology of 
Michel Freitag. Unfortunately, his work is inaccessible in English. The French reader 
can find in Dialectique et Société, Volume 2 “Introduction à une théorie générale du 
symbolique,” and Volume 3 “Contrôle, pouvoir et contrôle,” elements of the sociolog-
ical theory that forms the backdrop of this work; see Michel Freitag, Introduction à 
une théorie générale du symbolique: dialectique et société, Vol. 2. Montreal: Liber, 2011; 
and Michel Freitag, Culture, pouvoir, contrôle: les modes de reproduction formels de 
la société. dialectique et société, Vol. 3. Montreal: Liber, 2013. Familiarity with this 
theory is not needed to follow the sociological argument present in this book.
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highlights the fact that these transformations are directed and mediated 
by significant practices. They are purposeful and expressive, though the 
biophysical impact and ecological consequences of extraction, accumula-
tion and waste might not be intended or desired. And they come together 
as a totality, characterizing society as a whole in the form of distinctive 
and historical “metabolic regimes.”

In this dialectical tradition, social metabolism is more than a metaphor, 
it designates the real biophysical process of societal reproduction through 
purposeful, instituted, economic relations. This realist stance implies 
that the individual metabolic activity of human beings—as biological 
organisms—is itself subsumed and mediated by the totality that is social 
metabolism. It could be argued that there are as many forms of social 
metabolism as there are societies. Social ecologists and environmental 
historians have proposed a typology distinguishing three great metabolic 
regimes that encompass the totality of social forms that have existed up 
until this day: hunting-gathering societies, agrarian societies and fossil-
industrial societies. A typology that is rather classical, and, one could 
argue, that reflects the self-understanding of modern Western capitalist 
societies (or their elites) looking back in a skewed and biased way on their 
own trajectory. Built on the “claim that the energy system represents the 
most basic constraint for the differentiation of socio-ecological systems,”18 
it speaks to societies that have made the extraction, distribution and work 
of physical energy carriers a foundational structure of their metabolism: 
capitalist societies. And the typology is useful precisely because it 
highlights their historical singularity, how in this metabolic regime, 
biophysical surpluses are extracted and accumulated, how the instituted 
relation between biophysical surplus and value reifies the growth process 
and gives rise to novel ecological contradictions.

It was Marx who originally developed the category of metabolism to 
understand the labor process, but he did not develop a metabolic analysis 
of capitalist society as a whole, or the categories necessary for the task as 
it is needed today. One can interpret passages on capitalist agriculture 
in Books I and III of Capital as what we would today understand as an 

18. Fridolin Krausmann, Marina Fischer-Kowalski, Heinz Schandl and Nina Eisen-
menger, “The Global Sociometabolic Transition: Past and Present Metabolic Profiles 
and their Future Trajectories,” Journal of Industrial Ecology 12(5–6) (2008): 639, 
https://doi.org/10.1111/j.1530-9290.2008.00065.x.
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exposé of the ecological contradictions of large-scale capitalist agricul-
ture. Based on these occurrences, as well as others, John Bellamy Foster 
and his colleagues, Paul Burkett and Kohei Saito, have presented in many 
lengthy volumes what they consider to be Marx’s ecological critique of 
capitalism.19 That Marx today would have probably been an “ecologist” 
and that he would have developed a radical environmental critique of 
capitalism is an interesting speculative proposition. That, furthermore, 
Marx and Engels closely followed the development of thermodynamics, 
agronomy, chemistry, evolutionary theory and other natural sciences 
that today form the basis of the metabolic analysis of societies and of the 
environmental sciences is of interest to understand the development of 
Marxian theory. That the critique developed in Capital is not inherently 
anti-ecological or productivist and even contains important concepts 
for a Marxist or Marxian critical theory of the ecological relations of 
capital—such as the concept of the metabolic rift—is a very important 
result of the detailed studies they have produced.20 Finally, that Marx, in 
taking into account the metabolic dimension of capitalism, in particular 
during his study of the labor process, avoided the trap of reducing 
social relations to biophysical processes (see, for example, the critique 
of Podolinsky’s “energy” theory of value) is an important lesson for the 
development of an ecological critique of capitalism.21 But, as argued by 
Andreas Malm, ecology and the analysis of the biophysical scale of the 

19. Kohei Saito, Karl Marx’s Ecosocialism: Capital, Nature, and the Unfinished 
Critique of Political Economy. New York: Monthly Review Press, 2017; John Bellamy 
Foster, Brett Clark and Richard York, The Ecological Rift: Capitalism’s War on the Earth. 
New York: Monthly Review Press, 2010; John Bellamy Foster and Brett Clark, The 
Robbery of Nature: Capitalism and the Ecological Rift. New York: Monthly Review 
Press, 2020; Paul Burkett, Marx and Nature: A Red Green Perspective. Chicago, IL: 
Haymarket Books, 2014; and Paul Burkett and John Bellamy Foster, Marx and the 
Earth: An Anti-Critique. Chicago, IL: Haymarket Books, 2019; among others.
20. In his recent work, Timothée Haug has critiqued and questioned part of this 
interpretive work showing how it is based on a selective and decontextualized 
reading of certain passages of Marx’s writings. For Haug, one must distinguish Marx 
the “strategic productivist” before 1863 and Marx a “cautious ecologist” during the 
writing of Capital. Our book not being an intervention in the field of Marxology and 
the hermeneutics of Marx’s writings, we will leave this question to those philosophers 
and historians of social theory equipped to debate these questions with the necessary 
theoretical and linguistic skills.
21. Paul Burkett and John Bellamy Foster, “Metabolism, Energy, and Entropy in 
Marx’s Critique of Political Economy: Beyond the Podolinsky Myth,” Theory and 
Society 35 (2006): 109–156, https://doi.org/10.1007/s11186-006-6781-2.



a social ecology of capital

8

capitalist process were not central aspects of Marx’s critical work.22 An 
ecologized materialism was simply not Marx’s epistemic project, though 
it might be the episteme we need today. Biophysical and ecological 
processes do not appear as central determinations in Marx’s understand-
ing of the laws or tendencies that governed the development of capitalism 
in his day. Because of his polemical relation to Malthus, he was very 
wary of an integration of the concept of natural limits in the categorial 
system of the critique of capitalism.23 Metabolic rifts remain secondary 
aspects in his theory. Nature as “use-values” is present in Capital, but 
Marx did not develop in this work a distinctive critical vocabulary that 
could express biophysical and ecological determinations of the capitalist 
economic process in a systematic manner. So, if his work, Capital in 
particular, is a necessary point of departure for an ecological critique of 
capitalist metabolism, the critique must move beyond Marx, in search 
of categories that can aptly express social metabolism in a systematic 
fashion.24

A century after Marx, in the 1970s, as the ecological contradictions 
of advanced capitalism25 came to the fore, the ecological and biophys-
ical language of stocks and flows, of sources and sinks, of a large and 
entropic throughput sustaining a much smaller value bearing output, was 
developed by “biophysical” economists such as Nicholas Georgescu-Roe-
gen. This emerging critical perspective proposed a shift of analysis from 

22. Andreas Malm, “For a Fallible and Lovable Marx: Some Thoughts on the Latest 
Book by Foster and Burkett,” Critical Historical Studies 4(2) (Fall 2017): 267–275, 
https://doi.org/10.1086/693903.
23. On this, see Timothée Haug, La Rupture écologique dans l’œuvre de Marx, 
Analyse d’une métamorphose inachevée du paradigme de la production, PhD thesis in 
philosophy, University of Strasbourg, 2022.
24. Paul Burkett’s Marxism and Ecological Economics: Toward a Red and Green 
Political Economy (Leiden: Brill, 2006) is an early and useful attempt to engage with 
non-Marxian approaches to the metabolism of capitalist economies. Unfortunately, 
apart from a few papers on the “Podolinsky affair” and a polemic with Joan Mar-
tinez-Alier, it seems this attempt to synthesize and critically integrate findings and 
theories from other heterodox schools of the political economy of advanced capitalism 
was abandoned by the rift school in favor of a “return to Marx.” This is all the more 
surprising given the excellent earlier work produced by John Bellamy Foster on the 
theory of monopoly capitalism which does engage with post-Keynesian and Kaleckian 
approaches to capitalism and contains a critique of Marxist fundamentalism. In the 
latter part of this book, we have drawn extensively from this very same theoretical 
corpus and Bellamy Foster’s work was a useful guide into this field.
25. The expression “advanced capitalism” will be defined later in this introduction.
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the internal contradictions of capitalism to its external limits. But doing 
so implied that the framework developed to understand exploitation as 
a relation of surplus extraction through social domination was dropped, 
explicitly so by Georgescu-Roegen in his magnus opus The Entropy Law 
and the Economic Process.26 The language of biophysical scale sufficed 
for Georgescu-Roegen to explain what appeared as natural limits to 
the economic process. For a social ecology of capital, this language is 
as incomplete as Marx’s. Absolute and relative biophysical scale are 
effectively very powerful conceptual tools that can express the size of 
the economy which commands a throughput that creates unsustainable 
forcings both in source and sink interfaces between society and nature. 
Tools that can express growth rates which exacerbate these forcings and 
create new ones, and the accumulation rate of stocks that lock in ever-
higher throughput rates. In this language, the materiality of capitalist 
metabolism appears as an escalatory phenomenon.

These concepts and empirical realities form the core of the first part of 
this book on capitalist metabolism. We have explored them by drawing 
on contemporary Social Ecology as developed primarily in Vienna. The 
Vienna Institute of Social Ecology, ever since the foundational article 
by Marina Fischer-Kowalski and Helmut Haberl, “Tones, Joules and 
Money,”27 has further developed the conceptual and empirical tools 
needed to understand the biophysical scale of contemporary societies 
and their ecological implications.28

From this perspective, the materiality of capitalist metabolism appears 
in one of three guises: social metabolism as flows of energy and matter 
passing through societies, or throughput; social metabolism as an accu-
mulation of material stocks; and social metabolism as the colonization of 
ecosystems by human activity.

26. Nicholas Georgescu-Roegen, The Entropy Law and the Economic Process. 
Cambridge, MA: Harvard University Press, 1971.
27. Marina Fischer-Kowalski and Helmut Haberl, “Tons, Joules, and Money: Modes 
of Production and Their Sustainability Problems,” Society and Natural Resources 10(1) 
(1997): 61–85, https://doi.org/10.1080/08941929709381009.
28. Johanna Kramm et al., “Societal Relations to Nature in Times of Crisis—Social 
Ecology’s Contributions to Interdisciplinary Sustainability Studies,” Sustainability 9(7) 
(2017): 1042, https://doi.org/10.3390/su9071042.
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Social Metabolism as Flows of Energy and Matter Passing Through 
Societies, or Throughput

Throughput is a basic and foundational category of social ecology. As that 
which passes through society, it is neither the economic output, nor is it 
a sum of “use-values” with natural properties that answer human needs. 
It refers to the biophysical flow of elements—energy, lifeforms and orga-
nized matter—from source to sink that societies transform to reproduce 
their constitutive structures. The emphasis on biophysical transformation 
is central to the concept of throughput and sets it apart from economic 
theories based on the notion of production and value: if value can be 
produced, matter can only be transformed. Furthermore, the throughput 
perspective extends the standard two-stage models of the economy where 
production and consumption are coupled one to another, to four stages: 
extraction, industrial transformation, consumptive transformation and 
dissipation as waste. The throughput must be extracted or harvested from 
biogeochemical sources and it will be absorbed by biogeochemical sinks 
as waste once it has gone through a series of successive entropic transfor-
mations mediated by labor and consumptive activities. This flow can be 
measured quantitatively as the mass or energy content of various elements 
and qualitatively in terms of its composition. Finally, if the throughput is 
linear from the standpoint of social metabolism, it is necessarily part of 
wider ecological and biogeochemical cycles which are not. The ecological 
contradictions of capital appear precisely at these points of friction where 
a linear social process forces cyclical natural processes.

An obvious example is the carbon cycle which has been forced and 
accelerated by the massive extraction and combustion of fossil fuels 
during the last two centuries in the advanced capitalist core. But the same 
can be said of other critical biogeochemical cycles of the Earth system 
such as nitrogen and phosphorous, essential inputs in industrial agri-
culture.29 In the case of nitrogen, anthropogenic flows surpassed natural 
nitrogen fixation in terrestrial ecosystems in the 1980s,30 the ecolog-

29. For a critical political ecology approach to these cycles, see Matt Huber’s inter-
esting analysis in “Reinvigorating Class in Political Ecology: Nitrogen Capital and 
the Means of Degradation,” Geoforum 85 (October 2017): 345–352, https://doi.
org/10.1016/j.geoforum.2017.01.010.
30. William Battye, Viney P. Aneja and William H. Schlesinger, “Is Nitrogen the Next 
Carbon?” Earth’s Future 5(9) (2017): 894–904, https://doi.org/10.1002/2017EF000592.
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ical consequences of the mass dissipation of these flows has taken the 
form of increased eutrophication of coastal waters and the appear-
ance of dead zones in areas such as the Gulf of Mexico and Lake Erie in 
North America.31 A much less debated issue are the mass flows of sand 
and aggregates associated with the cement and infill needed for the con-
struction of buildings and infrastructures (highways, dams, bridges and 
landscape management) that are the hallmarks of modern urbanized 
space. As we shall see in Chapter 1, extraction rates of these materials are 
following an exponential growth rate and the proportion they represent 
in the overall metabolism of human societies amounts today to almost 
50 percent. The extraction and disposal of these materials is not without 
ecological consequences, the formation of sand results from geological 
processes of erosion that have a slow temporality entirely disconnected 
from current extractive practices. Extraction rates are estimated to be 
32 to 50 billion tonnes per year while sediment transport by the world’s 
rivers is estimated to be 20 billion tonnes per year. Furthermore, sand-
based terrestrial, river and marine landscapes such as deltas and beaches 
are essential abiotic structures that support many unique ecosystems and 
sand-based geomorphology is essential to the mitigation of floods in 
coastal zones and floodplains. Contemporary sand extraction is destroy-
ing many of these ecosystems and landscapes all the while enhancing 
the fragility of coastal built environments, and on top of this, certain 
regions of the world are experiencing exhaustion of locally available sand 
resources.32 We could continue exploring other aspects of the materi-
ality of contemporary societies, and will do so in Chapter 1, but here, 
to put the argument in more general terms, mass production and mass 
consumption, two salient features of advanced capitalism, imply mass 
extraction, mass flows of matter and mass dissipation of waste. Through-
put captures this aspect of the materiality of capitalist metabolism and is a 
necessary first step in unveiling its ecological contradictions. Its language 
of gigatonnes, gigajoules, of mass flows of brute matter is certainly not 

31. Robert J. Diaz and Rutger Rosenberg, “Spreading Dead Zones and Consequences 
for Marine Ecosystems,” Science 321(5891) (2008): 926–929, https://doi.org/10.1126/
science.1156401.
32. Robert John, “Sand Geographies: Disentangling the Material Foundations 
of the Built Environment,” Geography Compass 15(5) (2021): e12560, https://doi.
org/10.1111/gec3.12560.
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very poetic, but this does reflect essential features of the logic of advanced 
capitalism: massified, abstract and not so poetic.

Social Metabolism as an Accumulation of Material Stocks

In any given society, elements of the throughput coalesce into struc-
tures, be they bodies, human or animal, as well as the material artifacts 
(machines, buildings, SUVs, appliances, tools, toys and e-gadgets) that 
populate the capitalist world. In the language of social ecology, all are 
conceptualized as “stocks,” but in mass terms, manufactured and built 
artifacts dwarf bodies, by the human or non-human, in capitalist society. 
Our work will thus focus on these artifacts or material stocks. At a very 
abstract level, in any given society, material and energy flows are needed 
to maintain these stocks. Just as capitalism’s growth spiral has expanded 
the material throughput to sustain the existence of an ever-larger mass of 
commodified output, it has also grown the mass of material stocks. And 
because of their existence as structures, the more they accumulate, the 
more flows they command. Thus, stocks command flows, from the initial 
building up of stocks out of flows, to the sustaining flows and eventually 
replacement flows as well as waste flows to sinks. Stocks lock-in flows in 
diverse ways in capitalist societies, these lock-ins are of course material, 
but they are also social as habits, practice and social power coalesce 
around certain stock forms. This flow lock-in exacerbates the ecological 
contradictions of the mass throughput of capitalist metabolism. Yet, from 
the standpoint of social theory, the category of material stocks amalgam-
ates objects that are determined by radically different social relations; one 
of the tasks and challenges of a critical social ecology is to reintroduce the 
language of social domination and property relations to understand how 
capital is embodied in certain stocks: capitalized artifacts; and mediates 
the formation of others as commodified artifacts.

Examples of artifacts that command flows are all around us, be they 
the simplest of household appliances or e-devices that organize the repro-
duction of our daily lives, to more complex and massive machines such 
as cars and SUVs. These exist in a nexus of commodified social relations. 
These can be contrasted with “productive” and “extractive” artifacts such 
as pipelines, refineries, industrial machine tools and shopping centers 
which have been capitalized and must generate a return through pro-
ductive use from the standpoint of capital. In an advanced capitalist 
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economy, most capitalized artifacts are controlled by large monopolistic 
corporations which preside over their production through investment, 
useful life through production and destruction through depreciation. 
These moments are not primarily determined by the physical use or 
material performance of these artifacts but by the imperative of valori-
zation that drives the accumulation of capital by corporations.33 Finally, 
many artifacts also exist in the public realm as state property in the form 
of collectively used infrastructure: roads, public transit systems such as 
metros and trains, sewer systems and waste treatment plants. Though 
not subject to a valorization imperative per se, they do exist as important 
preconditions that enable capitalist accumulation and they also provide 
fixes for capital accumulation either as a sink for capitalist savings or as 
impetus for capitalist production during cyclical economic downturns.34

Social Metabolism as the Colonization of Ecosystems by Human 
Activity

The production of hybrid and socialized ecosystems, often simpler and 
less resilient, sometimes leading to new artificialized spaces and bio-
physical structures which—in analogous manner to stocks—can only 
be maintained by high throughput rates. Because of their hybrid nature, 
these ecosystems can develop into unexpected and sometimes problem-
atic structures from a societal standpoint and thus command further 
interventions. Such is the case of those fields, wetlands and forests that 
have been transformed into intensive high-input industrial agroecosys-
tems. But such is also the case of sprawled urban megalopolises with their 
water management, waste management and heat management problems.

For social ecology, there can be no “output” of goods and services, no 
build-up of productive capacity in “inputs” or fixed capital, no enjoyment 
of use-values, without a throughput of energy and matter, the accumu-

33. Anke Schaffartzik et al., “The Transformation of Provisioning Systems from an 
Integrated Perspective of Social Metabolism and Political Economy: A Conceptual 
Framework,” Sustainability Science 16(5) (2021): 1405–1421, https://doi.org/10.1007/
s11625-021-00952-9.
34. Michael Ekers and Scott Prudham, “The Metabolism of Socioecological Fixes: 
Capital Switching, Spatial Fixes, and the Production of Nature,” Annals of the American 
Association of Geographers 107(6) (2017): 1370–1388, https://doi.org/10.1080/246944
52.2017.1309962.
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lation of stocks and without the colonization of ecosystems. These three 
dimensions come together in the form of historical metabolic regimes 
which can be examined at various levels of abstraction and generality. 
Capitalism is not a metabolic regime per se, its development has been 
articulated to two regimes that we will explore successively, agrarian 
metabolic regimes and fossil-industrial metabolic regimes.

From the above insights, we will derive and unfold the following 
propositions concerning the material dimension of capitalist societies: 
1. output—the goods and services commodified in capitalism—implies 
throughput; 2. the throughput is generated or extracted and sunk into 
colonized ecosystems with varying degrees of hybridity and artificializa-
tion, these command their own throughput flows; 3. throughput flows 
define the boundary between society and nature; 4. the mass and nature 
of the stocks in a given economy define the intensity and quality of the 
throughput; and 5. finally, because capitalism is a monetary production 
economy, in a capitalist society, throughput flows are veiled and stocks 
appear as “inherently productive” privately held fixed capital or durable 
consumer goods, veiling their throughput dependence through what Alf 
Hornborg has theorized as technological fetichism.35 Social ecology has 
developed analytical tools that unveil these biophysical processes.

The purpose of the social ecology of capital is to propose a synthesis 
between this biophysical analysis of the metabolic foundations of capi-
talist societies and wider theories of capitalism able to explain the social 
relations that govern the monetary production economy. In a way, the 
analytical effort aims to re-sociologize many of the categories and insights 
developed by social ecology, moving from the idea of social metabo-
lism in the abstract to the social metabolism of capitalist societies. And 
thus, how capital as an instituted social structure and relation shapes and 
defines the metabolism of contemporary societies in a way that generates 
the ecological contradictions which they now face is our project. But 
for this to be a truly socio-ecological analysis, biophysical and ecolog-
ical processes and structures must retain their causality in the overall 
explanation. Capital has a social ecology: it mediates the metabolism of 
contemporary societies, and as in any mediated process, it is also deter-
mined by that which it mediates.

35. Alf Hornborg, Nature, Society, and Justice in the Anthropocene: Unraveling the 
Money-Energy-Technology Complex. Cambridge: Cambridge University Press, 2019.




