Peak Oil, Ecological Economics and the Class Struggle
A Presentation to the Great Lakes Political Economy Conference, May 13, 2005

by Tom Keefer  |  tkeefer@yorku.ca
WORKING PAPER  |  NOT FOR CITATION

In recent years a number of writers have argued that the impending “peaking” of world oil production heralds a new era of resource wars, environmental destruction, terminal economic decline, and even a massive “die off” of the human population. The debate over peak oil has primarily been conducted in empirical terms, focusing on rates of oil production and consumption, declining discoveries of new oil reserves, and the limited alternatives to fossil fuels. This paper, in contrast, examines the theoretical discourses and historical contexts within which peak oil theorists have developed their analyses, and assesses possibilities for transformative social change in an era of energy scarcity. The debate over peak oil, as I argue, can best be viewed in the context of an ongoing schism between neoclassical economics and a school of ecological economics stretching back two hundred years. Arguments concerning peak oil gain a new degree of theoretical consistency when placed in this context, but it remains the case that most writers on peak oil and most ecological economists have failed to study resource scarcity and the thermodynamics of production in relation to the realities of class struggle and the historically specific nature of capitalism. They are thus unable adequately to address the question of how to transcend, in a period of impending energy scarcity, the social and economic disruptions caused by the contradictions of capitalism. The failure of ecological economists and writers on peak oil to directly critique the capitalist system and to envision solutions to an energy crisis outside the ideological framework of capital imposes limits to the value of their otherwise very important work. This paper seeks to go beyond those limits by making the case for developing a materialist and ecological theory of energy in the class struggle. 
It is becoming increasingly clear that humanity is facing an energy crisis of unprecedented proportions. Oil, the world’s single most important source of energy, is absolutely necessary for the agricultural, industrial, and military processes that are the basis of all advanced economies in the world today. In the face of rising demand, oil prices have doubled since 2001, and recent projections have suggested that the price of oil, which is now at a historic high of $50 a barrel, could increase to as much as $100 a barrel three years from now,
 and up to $380 a barrel by 2015, as existing oil fields are depleted and demand skyrockets due to the process of industrialization now underway in the Indian and Chinese economies.
 World energy demand is predicted to increase by more than 50% in the first quarter of this century, but world energy production appears to be faltering. While everybody knows that oil and other fossil fuels are non-renewable resources, the assumption has always been that these energy reserves will not run out until some time in the future when alternative kinds of energy will have been discovered. 
This assumption is now being very seriously challenged. During the past several years, oil industry insiders such as Colin Campbell, a former chief geologist of Amoco and Vice President of Fina (both major oil corporations), Matthew Simmons, chairman of the world’s largest energy investment banking company Simmons & Co. International and adviser to Vice President Cheney’s 2001 Energy Task Force, and Republican Congressman Roscoe Bartlett, Chairman of the Projection Forces Subcommittee of the Armed Services Committee, have all issued warnings that humanity will soon be facing dramatic consequences as a result of reaching “peak oil” production.
 Providing an empirical basis for these claims, nearly a dozen new books have been published in the past two years addressing the question of peak oil; these include such titles as The Party’s Over: Oil War and the Fate of Industrial Societies and Power Down: Options and Actions for a Post Carbon World, by Richard Heinberg; The End of Oil: on the Edge of the Perilous New World, by Paul Roberts; Crossing the Rubicon: the Decline of the American Empire at the End of the Age of Oil, by Michael C. Ruppert; It’s the Crude, Dude: War, Big Oil and the Fight for the Planet, by Linda McQuaig; The Coming Oil Crisis, by Colin C. Campbell; Blood and Oil: the Dangers and Consequences of America’s Growing Dependency on Imported Oil, by Michael T. Klare; Hubbert’s Peak: The Impending World Oil Shortage and Beyond Oil: The View from Hubbert’s Peak, by Kenneth S. Deffeyes. 
The term “peak oil” was originally coined in the 1940s and 50s by petroleum geologist M. King Hubbert, who applied his knowledge of individual oilfields to national oil production in the US and correctly foresaw that US domestic oil production would peak in the early 1970s. Oil extraction follows a typical bell type curve, with the highest-quality and easiest-to-extract oil flowing out first. The peaking of world oil production does not mean that the world will suddenly run out of oil, as approximately one half of the world’s oil reserves will remain, but it does mean that there will be an accelerating and continuous decline of annual production as costs mount and ever greater capital investment and further energy inputs are required to extract the diminishing amounts of energy in the ground.
 While the precise date of global peak oil production will likely not be known until after it has passed, and while new technologies, economic recessions, or energy conservation may slow the onset of global peak production, the fact remains that conventional oil production peaked in the United States in 1970, in the former Soviet Union in 1987, in Iran in 1976, in Libya in 1969, in Venezuela in 1970 and has shown no signs of rising above these levels since.
 This leaves the Middle East as the only sizable oil-producing region that has yet to peak, and the key prize in any battle to control the world’s remaining oil supplies.
 In and of itself the concept of oil production peaking is not a controversial one. Practically all petroleum geologists and oil experts agree that global oil extraction will peak, and that the production of oil follows “Hubbert’s curve.” The questions of when this will occur on a global scale, and of whether or not a mixture of energy conservation and new energy sources can significantly delay this impact, remain unresolved. The more pessimistic writers on peak oil suggest that world oil production will peak in 2005 or 2006, while others claim that we have until the end of this decade. Even the “optimists” within the International Energy Agency expect conventional oil production to peak “sometime between 2013 and 2037.”
 The issue of predicting an exact date of peak oil is further muddled by the routine overestimation of oil reserves by both major oil companies seeking to boost their stock values and by OPEC producing countries whose inflated reserve values allow them to increase their production quotas.

While the greatest oilfields in the world such as Ghawar in Saudi Arabia are showing signs of irrevocable decline,
 in the Western Hemisphere threats of future inter-imperialist rivalry are evident in attempts by Chinese state corporations to win oil contracts previously destined for the United States in Venezuela and Canada.
 As Michael T. Klare puts it, “never has the competitive pursuit of untapped oil and gas reserves been so acute, and never has so much money as well as diplomatic and military muscle been deployed in the contest to win control over major foreign stockpiles of energy.”
 Concerns over energy reserves have an obvious military component, as is confirmed by the presence of nearly 150,000 US troops and military contractors in Iraq, home to the world’s largest untapped reservoirs of sweet crude oil, and by the militaristic and openly imperialist agenda advanced by the Project for the New American Century, many of whose proponents are closely linked to the American oil industry and hold leading positions within the current Bush administration.
 US armed forces and military bases now completely encircle the natural gas and petroleum producing countries of Southwest Asia, and there are consistent rumblings that the US is planning a military intervention against Iran, home to one of the world’s largest reserves of natural gas. There are also ecological aspects to this problem, as increased emissions of fossil fuels and the refusal of the world’s worst polluters to sign on to the Kyoto Accord point to the continued threat of climate change, while exploration for new oil reserves threatens the Arctic National Wildlife Reserve as well as many other ecologically sensitive areas around the world. 
The transition to a “post carbon” future is likely to be a difficult one because no other energy source seems to offer the concentrated and easily usable energy of oil, which currently provides 40% of the world’s energy and 90% of its transportation fuels.
 The outlook for alternative energy sources is bleak. When environmental costs for the treating and containment of nuclear waste are taken into account, nuclear power does not emerge as a credible alternative to oil production.
 Moreover, nuclear energy production is dependent upon a finite amount of uranium which must be expensively refined. Hydro electricity is an important and renewable form of energy, but most existing sources of hydropower already have dams built upon them, and the silting up of these dams will necessitate future large capital investments. The so-called “hydrogen economy” is still looking for an energy input, as hydrogen is a carrier of energy not a source itself, while solar and wind power have a long way to go before they can pay for their own costs of development and provide more than a fraction of the energy needed for modern energy-intensive economic processes.
 Natural gas, like oil, is a finite natural resource, prone to the same peaking dynamic; moreover, enormous capital investments are required in order to transform gas into a super-cooled liquid capable of being transported across the globe.
 Moreover, massive quantities of natural gas energy are being diverted for use in the extraction of unconventional oils, as in the case of the tar sands of northern Alberta, which are expected to require the entire natural gas reservoir of the Mackenzie Delta to provide the energy input necessary to refine unconventional oil.
 Faced with declining oil production, we are likely to see a widespread recourse to relatively plentiful, but still finite, stocks of coal and biomass to make up for the energy shortfall; and their use will dramatically increase greenhouse emissions and the degradation of the natural environment.
 
The drive to a new post-carbon economy is not only hindered by difficulties in finding alternate sources of energy (the airplanes, tractor trailers, container ships, heavy construction equipment, and military forces necessary for the maintenance of today’s global economy cannot be expected to run on electric batteries powered by wind or solar power), but also by the prevailing interests of capitalist elites who resist the development of sustainable, local and democratic energy infrastructure that would impinge upon the profits of the major oil corporations. The global reach of the oil industry and its connections to the military industrial complex in the United States at the highest levels of governance indicate that this sector is looking forward to reaping the skyrocketing profits that will come as oil prices rise, and has little interest in allowing initiatives that might wean the world off oil consumption.
 Instead of attempting to find new forms of energy production that are environmentally sound, locally controlled, sustainable, and which reduce the complexity of capitalist society, these corporations and the nation states that back them are increasingly willing to use military force in attempts to get secure control of the strategic reserves of fossil fuel energy.
Many of those writing on the question of peak oil suggest that declining oil supplies will produce a corresponding and terminal decline of industrial society amid a new and bloody era of inter-imperialist rivalry and global resource wars. With food production, international trade, the monetary system, and electrical generation all dependent on subsidies from fossil fuels,
 it seems possible that advanced industrial societies that are incapable of functioning without the “drawdown” of free energy reserves face collapse. Richard Heinberg, for example, draws upon the work of archaeologist Joseph Tainter, author of The Collapse of Complex Societies, to argue that “complex societies tend to collapse because their strategies for energy capture are subject the law of diminishing returns,”
 and to propose that our industrial civilization with its specialized divisions of labor, class structures, state apparatuses, and overarching geographic influence will fall just like the Mayan and Roman empires did. 
Coinciding with the discussion around peak oil has been a flurry of new writings on civilizational collapse, most notably Ronald Wright’s A Short History of Progress and Jared Diamond’s Collapse, both influenced by Tainter’s work, which raise the possibility of a truly global collapse of human society due to unprecedented resource depletion and environmental degradation. Wright’s and Diamond’s warnings were given renewed meaning by a March, 2005 report signed by over 1300 scientists from 95 different countries that warned that two-thirds of the world’s life supporting infrastructure is being degraded by human activity.
 With massive environmental destruction occurring on a truly global scale, and with the most important energetic resources of our civilization seemingly in decline, humanity, as Wright puts it, is standing at the threshold of “an age of chaos and collapse that will dwarf all the dark ages in our past.”
 However, the solutions offered by most writers on peak oil as well as by the theorists of collapse offer little in terms of meaningful alternatives to the problem at hand. Lacking a critique of the capitalist system and its processes of accumulation, these writers catalog the effects of the system and ultimately end up placing their hopes on corporate and political world leaders coming to their senses and recognizing that they too inhabit the same earth.

Taking the problem of peak oil seriously, and putting it in the context of the current state of environmental degradation and global capitalism requires a thoroughgoing re-examination of how we understand and conceive of energy and economical processes from an ecological and materialist perspective. To date, conventional economics has offered little in the way of a theoretical understanding to deal with resource depletion, essentially denying that such a problem exists by arguing that with the depletion of a given resource, market signals will encourage new forms of innovation and substitution that will allow production to continue.
 Neoclassical economic theory sees material stocks and energy flows as not just replaceable but as virtually limitless. It discounts the interconnectedness of environmental phenomena within the Earth’s biosphere, and believes that capitalist social relations are not only the best and most efficient, but also the only possible way of ordering society. Closely tied to the political interests of the international capitalist class, and holding a hegemonic position within economic theory, classical and neoclassical economics legitimates a capitalist economic system that exploits both human labor and the natural environment. However, since the beginning of a modern science of economic thought, there have been alternative schools of thought that have sought to account for the fundamental importance of relationships between human beings and nature in economic production. The current ignoring of the claims of peak oil advocates by mainstream economists is only the latest manifestation of a long-running ideological conflict between ecological economists and conventional bourgeois economists that stretches back for over 200 years. Ecological economists analyzes the flow of energy and material resources in the course of relationships of production and exchange. Instead of seeing economic processes as an essentially closed, perpetual system of growth, they try to examine the changing interrelationships between human beings and the environment and have always been preoccupied with understanding the role of flows of energy and the availability of limited resource in economic systems.

Thomas Malthus (1766-1834), known for his theory that human population growth would inevitably run up against biophysical limitations of food production, is one thinker in this tradition. Writers on peak oil such as Richard Heinberg and theorists of civilizational collapse such as Jared Diamond and Ronald Wright rely explicitly and implicitly upon Malthus to warn of rising population as contributing factor to economic crisis and collapse.
 With a different focus, in the late 18th century, François Quesnay (1694-1774) and the Physiocrats, who created the first real school of political economy tried to understand the laws of capital accumulation and economic growth in relationship to what they saw as nature’s production of economic value.
 The Physiocrats, who were the first to introduce the idea of net profit in society (or as Marx called it, surplus value), claimed that all value was derived from nature in the course of agricultural production and sought to maximize capital investment in the agricultural sector while denigrating industrial production as a “sterile” recycling of value produced by agriculture. Ultimately they were displaced by the writings of Adam Smith and other classical political economists as the realities of surplus value extraction in industrial processes indicated the one-sidedness of their theories of surplus value. Nonetheless, a variety of other economic schools of thought that have sought to ascribe value to nature and its energetic flow have been indebted to the perspectives of the Physiocrats. 
Following in the footsteps of the Physiocrats in the 1870s and 1880s, the Ukrainian socialist Sergi Podolinsky (1850-1891), regarded in many ways as a forerunner of ecological economics, sought to provide an energetic basis for Marx’s labor theory of value by understanding productive human economic activity as the fixing of increasing amounts of solar energy through agricultural production.
 In his essay “Socialism and the Unity of Physical Forces,” Podolinsky analyzed energy inputs in terms of their contribution to economic processes. Starting from the observation that the sun was the source of all life-giving energy in the world and that solar energy was not evenly absorbed throughout the globe, Podolinsky argued that through agricultural cultivation humanity could “produce certain modifications in this distribution of solar energy, in such as way as to render a greater portion profitable to humans.”
 Because plants accumulate energy through the process of photosynthesis and the animals and people that eat the plants accumulate this solar energy in an essentially parasitic fashion, Podolinsky arrived at the Physiocratic standpoint mirrored by contemporary ecological economists of privileging efficient and sustainable agricultural production. He can be seen, nonetheless, as one of the first economic thinkers who sought to analyze production not just in terms of the relationships between capital and labor, but also via the flow-through of energy inputs. 

Contemporary concerns over the depletion of oil as a primary energy source were mirrored in debates occurring over the depletion of energy stocks at earlier periods in human history. In his book Ecological Economics: Energy Environment and Society Juan Martinez-Alier examines the work of economic thinkers who sought to evaluate the relationship of the “flow of energy and the cycle of materials” to the environment and economic production. Among them were physicist and engineer Rudolph Clausius (1822-1888), who wrote about the consumption of energy and the epochal significance of machinery. Clausius entered the mid-to late 19th century debates over the depletion of coal reserves, arguing that because human beings were consuming more coal than was being produced in the same period, and because science would not be able to find a new source of energy once coal is gone, “men will be condemned to manage with the energy which the sun will continue to radiate for a very long time.”
 Although Clausius was obviously wrong in not anticipating the substitution of other fossil fuels and nuclear power for coal, his ideas are of lasting importance for his application of thermodynamic principles to energy production. 
Also writing about coal depletion was the British economist William Stanley Jevons (1835-1882), who was one of the pioneers of the value theory of contemporary neoclassical economics, but who also made important contributions to the field of environmental economics and the study of energy with his work The Coal Question.
 Arguing that British economic prominence had come from cheap coal and that the increasing price rises caused by depletion would lead to economic stagnation, Jevons concluded along Malthusian lines that it was now energy supplies and not foodstuffs that limited human economic growth. Like Clausius, Jevons’s calculations regarding the end of fossil fuel production were flawed, and with the triumph of an oil-based economy and the development of the internal combustion engine, his arguments about coal depletion were largely forgotten. However, the lasting contribution that Jevons made to the field of ecological economics was the so-called “Jevons paradox,” according to which, contrary to what might be expected, increased efficiency in the use of a natural resource would lead to its increased consumption, and not its preservation.
 The tendency towards increased use of various kinds of fuel as efficiency increased is tied to capitalism’s tendency towards economic expansion and the competition between various firms. Jevons pointed out that throughout the history of steam engines, fuel efficiency continued to increase, but likewise so did the use of coal, as the use of such engines proliferated as various capitalist firms acquired them at lower cost in order to further reduce the costs of labor. 
Jevons’s observations are equally applicable to the use of oil, as the introduction of more fuel-efficient cars, while decreasing the amount of fuel used by individual vehicles, has only increased the total amount of fuel used as the number of cars has increased.
 Jevons’s conclusion regarding the depletion of energy reserves was not an ecological “live within our means” approach, but rather a perspective of using up as much as possible of the available reserves of energy before competitors did so. Suggesting that it was better to burn out than to fade away, Jevons argued that “if we lavishly and boldly push forward in the creation of our riches, both material and intellectual, it is hard to overestimate the pitch of beneficial influence to which we may attain in the present. But the maintenance of such a position is physically impossible. We have to make the momentous choice between brief but true greatness and longer continued mediocrity.”
 
The worries about coal depletion in the late 19th century and the concern over peak oil in the 21st century certainly have much in common. The repeated claims about the depletion of key energy sources have led many contemporary economists to suggest that the advocates of peak oil are merely crying wolf. For example, Bjorn Lomborg, author of The Skeptical Environmentalist, points to the underestimation of oil reserves in the 1910s, 1930s, and 1950s, and ridicules the 1970 projections of the Club of Rome, which claimed that at current usages a variety of important commodities would be exhausted by the mid-1980s.
 In critiquing theorists of peak oil Lomborg suggests that new oil fields can continue to be found, and that a scarcity of one resource can always be resolved by the substitution of another. For much of the past two hundred years, it would seem as if Lomborg and fellow neoclassical economists have been right. Studies have shown that with the exception of specific periods of global recession and the 1973 oil shock, the world economy has been injected with ever increasing amounts of energy, and that oil production has steadily increased. However, while these claims are now running up against the empirical body of evidence produced by writers on peak oil, there is also a body of theoretical work on the economics of thermodynamics that suggests that a continued availability of energy resources cannot be taken for granted, and that resource substitution coincides with humanity’s utilization of a vast energy “bonanza” inherited from geological processes hundreds of millions of years ago.
The most influential writer on questions of economics and thermodynamics in the 20th century, whose work threatens to turn neoclassical economics on its head and has heavily influenced the leading proponents of ecological economics, is Nicolas Georgescu-Roegen (1906-1994).
 Born in Romania, Georescu-Roegen studied as a mathematician in France in the years leading up to the Second World War, and then emigrated to the United States, where after working with Joseph Schumpeter and other such intellectuals as Oscar Lange, Paul Sweezy, and Wassily Leontief, he ended up as an economics professor at Vanderbilt University. Although Georgescu-Roegen received many academic awards, solved a number of important mathematical economic problems, and published around 200 academic journal articles and several books, his work on thermodynamics has been largely ignored by mainstream neoclassical economists.
 Georgescu-Roegen argued that an economic system based upon Newtonian mechanics had to be replaced by a new physics of thermodynamics, a fact that had far-reaching consequences for the understanding of human society as well as the natural world. 
According to the first law of thermodynamics, energy can neither be created nor destroyed, but is rather dispersed or concentrated by physical processes. The universe as a whole is in the process of dissipating available energy by constantly expanding, as heat energy moves from hot to cold areas. The earth’s energy is derived from solar radiation with the exception of small amounts of geothermal heat rising from the interior of the planet. Certain biological processes, such as photosynthesis and the recycling of carbon and other nutrients in natural cycles, are able to produce a transformation and concentration of solar energy which can then be used by animals and human beings; Georgescu-Roegen argued that a sustainable economy must be based in harmony with these flows. In using these stores of energy, whether they be in the form of biomass, vegetables and grains, animals raised on these vegetable and grains, or stocks of fossil fuels produced millions of years ago, human beings inevitably dissipate their energy. For example, a substance like coal or oil has a high quantity of free energy that can be transferred from chemical energy into mechanical energy. However, as we use this resource the free energy available for our use is dispersed into the larger system and environment and is no longer available to us.
 Economic processes, occur in the larger context of the universe moving towards thermodynamic equilibrium, and are thus inescapably entropic, feeding off low entropy energy and materials and producing waste. Georgescu-Roegen critiqued both Marxist and neoclassical theories of economic reproduction for leaving natural resources out of the economic process and failing to understand or appreciate the historical importance of wars fought to maintain control of the world’s natural resources.
 As Georgescu-Roegen saw it, with constantly albeit slowly diminishing energy inputs, humanity needed to develop economic systems which maximized appropriation of solar flow and energy and minimized the use of our one-time inheritance of low-entropy resources such as coal and oil. 
While the work of ecological economists such as Nicolas Georgescu-Roegen, Herman Daly, and Juan Martinez-Alier has been important in transforming economic thinking around issues of the environment, and provides a theoretical groundwork for the development of energetic limitation of contemporary industrial production, it is still lacking some important theoretical dimensions. For example, ecological economics often falls into the trap of declaring that the problem of neoclassical and Marxist economics is that they fail to adequately value natural resources and “services” that are provided by the biosphere. But the problem with ascribing monetary value to natural resources and processes is that it only adds to the commodification of nature by capitalism and transfers an increasing number of resources from the category of “commons” that we all enjoy and that sustain our collective existence to the category of commodities incorporated into the alienated system of monetary exchanges. The development of a system of pollution credits as outlined in the Kyoto Protocol is an example of this kind of thinking, which treats unpolluted spaces as an economic resource to be bought and sold. Perhaps the best example of this thinking can be seen in a leaked memo written by Lawrence Summers, former chief economist of the World Bank which is so candid that it practically appears as satire. He stated:

The measurements of the costs of health impairing pollution depends on the foregone earnings from increased morbidity and mortality. From this point of view a given amount of health impairing pollution should be done in the country with the lowest cost, which will be the country with the lowest wages. I think the economic logic behind dumping a load of toxic waste in the lowest wage country is impeccable and we should face up to that. The costs of pollution are likely to be non-linear as the initial increments of pollution probably have very low cost. I’ve always though that under-populated countries in Africa are vastly UNDER-polluted, their air quality is probably vastly inefficiently low compared to Los Angeles or Mexico City. Only the lamentable facts that so much pollution is generated by non-tradable industries (transport, electrical generation) and that the unit transport costs of solid waste are so high prevent world welfare enhancing trade in air pollution and waste. The demand for a clean environment for aesthetic and health reasons is likely to have very high income elasticity. The concern over an agent that causes a one in a million change in the odds of prostrate cancer is obviously going to be much higher in a country where people survive to get prostrate cancer than in a country where under 5 mortality is 200 per thousand.
 

At root, the fundamental problem of “natural capitalists” and of many ecological economists is that they fail to see capitalism as a historically specific system of social relations based upon class exploitation which can never be reconciled with the needs of the world’s workers or of the natural environment. They likewise fail to recognize that when it comes to environmental thinking or to any plan to limit ecological devastation, capitalism is not swayed by moral arguments but rather operates according to its own logic of accumulation. 
The focus of ecological economics upon energetic and material flows in production is very important, though largely overlooked both in mainstream Marxism and in bourgeois economic thought, which have tended to focus upon growth without any recognition of the limited energetic resources that underpin it. Unfortunately, though, ecological economics analyzes energy outside of the relationship of class forces and the dynamic of class relationships. It thereby tends to collapse the economy into a general category divorced from the dynamics of social processes. Since it does not consider the possibilities of transcending capitalism, it is unable to recognize the limits specific to a capitalist system which while deriving its wealth from the socialized nature of production increasingly tends towards a private process of appropriation and thus sets the stage for its own dissolution.
 Much of what passes for Marxist theory has ignored questions of the environment, although in recent years a new “red-green” or ecological Marxist approach has begun to gain ground, as represented in the writings of Joel Kovel, John Bellamy Foster, and Paul Burkett.
 While these writings do not directly take up the question of peak oil, they do provide important reminders of how the insights of Marxism can be applied to critiquing both conventional bourgeois economics and ecological economics that does not address class relationships. 
Marxist analysis reminds us that history consists of a series of class struggles engaged in “an uninterrupted, now hidden, now open fight, a fight that each time ended either in a revolutionary reconstitution of society at large or in the common ruin of the contending classes,”
 while the work of the ecological economists should also remind us of the important role that human appropriations of energy have played in both the evolution of humanity and its class struggles. Indeed, both Marx and Engels were deeply interested in natural history and physical science. Engels in his study of the “transition from ape to man” accorded manual dexterity and speech and thus the construction of socialized labor a primary role in our evolution, but he argued that energetic underpinnings of this process, the transition to a meat based diet and its contribution to two significant modes of exosomatic energy appropriation, the mastery of fire and the taming of animals, were of central importance.
 The appropriation of energy through the unlocking of solar energy stored in biomass through the use of fire, and the domestication of animals whose labor was appropriated for the purposes of growing specific kinds of high energy grain that required the plowing of land, exemplify the fact that human social and physical evolution has been based upon increasing human energy consumption. That this process is connected to changes in the social organization of economic production and the development of class society once a certain energetic surplus was reached should not be surprising to Marxists, although it is rarely considered in these terms. Indeed, one well-known medievalist scholar convincingly argued that the development of feudalism could be traced to the invention of the stirrup, which in marking a new epoch in the human appropriation of animal energy for military conflict led to a whole series of unintended consequences in food production, mechanization and class structure which in turn provided the basis for the economic surplus and social organization necessary for the breakthrough of modern capitalism.
 However, perhaps the most fundamental and significant breakthrough in the history of human energy appropriation occurred coterminously with the development of capitalism as humanity developed machinery that ran on the energy locked into fossil fuels. As Elmar Altvater argues, this appropriation of fossil fuel energy made possible a true “world order” in which “the ‘metabolism’ of humankind, society and nature reached a global scale” for the first time in human history.
 As Altvater points out: 
In modes of production based on biotic energy, labor productivity can grow only to a certain, limited level. The speed of a human being, a horse, or an ox can only be increased to the point of physical exhaustion. Yet the transition to fossil fuels and the concomitant technological systems of energy transformation (the industrial forces of production) and social formation (the capitalist mode of production) constituted a qualitative advance in human history which in this case is rightly called revolutionary. Since the late 18th century, the resort to fossil energy sources, ‘exosomatic’ forces, facilitated a quantum leap in the speed and reach of human activities. Enormous growth in labor productivity and social surplus production were made possible. According to calculations by Angus Madison, the average GDP per capita in international dollars (1980 prices) of OECD countries grew from $1817 to $10205 between 1900 and 1987, a six fold increase, while in the USSR, which started off at a lower level of aggregate production, GDP increased by a factor of 7.45 during the same period.

While the limitations of space do not allow us to go further into detail on a variety of interesting questions relating to issues of energy and class struggle—including, for example, the thermodynamics of imperialism,
 the political economy of energy in the trans-Atlantic slave trade and the role of sugar production in industrialization, the relationship of Fordism to the oil age and to the historic class compromise of the Western working-class, and the development of the major oil companies as the first and leading examples of monopoly capital in the early 20th century—the point we are seeking to make is that an understanding of the political economy of energy is key to understanding such questions as peak oil, and if developed from a perspective that incorporates analysis of the underlying class relations can contribute greatly to the overall development of radical economic theory. To date, the unfortunate reality is that most ecological economics has failed to examine energetic processes from the perspective of class relationships and struggle, while most Marxist economic thought has failed to address the thermodynamic underpinnings of various modes of production and their relationship to struggles of workers and the oppressed. 
The study of peak oil and its consequences must avoid tendencies towards energy reductionism and should blend the insights of ecological economics and Marxism to look at the phenomena of peak oil and social transformation in a more grounded and politically relevant fashion. One cannot wholly rule out the possible development of some new energy regime that would, for example, integrate biotechnology, genetic engineering, and nanotechnology to appropriate solar energy in ways much more productive and cheaper than photovoltaic arrangements. But in the absence of any material evidence of such a development, speculative intelligence can more usefully be focused on analyzing the consequences of steadily declining energy reserves within the context of antagonisms within capitalist social relations. To conceive the issue in this way is to recognize that since the dawn of capitalist society, a key factor in reducing working-class power and contestation at the point of production and in increasing competition with other capitals, has been the use of machinery to replace living human labor and to intensify the productivity of human labor power. As Karl Marx put it in his chapter on machinery in volume 1 of Capital:
The immense impetus [machinery] gives the development of productive power, and to economy in the means of production, imposes on the workmen increased expenditure of labor in a given time, heightened tension of labor power, and closer filling up of the pores of the working day, or condensation of labor to a degree that is attainable only within the limits of the shortened working day. This condensation of a greater mass of labor into a given period thence-forward counts for what it really is, a greater quantity of labor. In addition to a measure of its extension, i.e., duration, labor now acquires a measure of its intensity or of the degree of his condensation or density.
 
The technological revolution and the growth of machinery not only created “constant revolutionizing of the instruments of production... and with them the whole relations of society,”
 but also gave the capitalists further power in disciplining and controlling labor. The key to the domination of “dead” labor over living was the availability of a ready source of reliable energy which could be supplied in ever increasing amounts to keep pace with the continued mechanization and accumulation of capitalist production. As Renfrew Christie puts it:
Above all, capital needs more energy as it uses more machinery to increase relative surplus value while decreasing working-class power in the process of class struggle. Because capital needs machinery to expand the accumulation of surplus value, and because capital needs machinery to “substitute” or control workers in struggle, capital therefore needs energy. Energy drives capital’s machines; it melts the metal to produce them; it transports the workers and materials; it measures and controls production; and it even heats workers houses with less labor today than hitherto, thus cheapening the cost of labor power. In all, energy powers the ongoing technological revolution whereby capital has been winning the class struggle.

The massive amounts of machinery or accumulated stores of past or “dead labor” that are such a dominant feature of advanced capitalist economies must all be powered by some form of energy. Oil has historically been the cheapest, most energy-rich and most easily transportable form of energy, and has been pumped out of the earth at ever increasing rates for the past 150 years. Because cheap energy inputs have been able to reduce the subsistence costs for the world’s working class, an increase in energy prices caused by oil production peaking will see a dramatic rise in food, electricity and transportation costs, all of which the capitalist class will try to get the working class to pay for through a significant decrease in real wages. There is thus the real likelihood that in an era of clearly declining fossil fuel availability the sweeping and instantaneous effects of ongoing increases in oil prices will intensify global class struggles.  

Christie argues that a significant rise in the prices of energy will also make it harder for capitalists to increase the organic composition of capital (the relationship of dead or expended labor stored up in machinery versus the living labor of actual present workers). With decreased energy available “it will be more difficult to raise labor productivity by the use of more machinery; it will be more difficult to control workers, to speed up production processes, to cheapen the cost of labor power, and, in general to increase relative surplus value.”
 The capitalist class will thus have to turn to other methods such as inflation, depression, unemployment, as well as military adventures and wars to secure energy resources to maintain accumulation.

Having sketched out the problem of peak oil, and explained its theoretical grounding in ecological economics and the importance of bringing class struggle into discussions on energy, I want to address the “solutions” proposed by those warning us of peak oil. Unfortunately, as dire as the problem is, many of these theorists seem to be at a real loss as to what can be done to cope with the coming energy crisis and to steer industrial society away from its day of reckoning with the laws of thermodynamics. Richard Heinberg, who is one of the few writers on peak oil to offer a comprehensive set of “solutions” to the crisis, outlines four different kinds of responses he sees as possible. The first he calls “last one standing”: an accelerated process of competition for the world’s remaining energy resources which will ultimately culminate in war over an ever-declining resource base. The second option, to be advanced by the environmental, antiwar, and anti-globalization movements, is what he calls the “powerdown” option, and approach of cooperation, conservation, and international redistribution of resource usage, the development of alternative energy sources, and a ‘humane but systematic’ reduction in world population growth. Thirdly there is the option of “waiting for a magic elixir”: hoping for the best and denying the problem of peak oil. Finally, there is the option that Heinberg sees as immediately feasible, one of “building lifeboats.”  This option assumes that industrial civilization cannot be saved, and that individual and community efforts should be devoted to “preserving the most worthwhile cultural achievements of the past few centuries” by building self-sufficient enclaves to weather the coming storm.
 
The “last one standing” approach is familiar to all that are aware of the dynamics of imperialism and capitalist domination and has in fact been going on for a long time. As George Keenan, the head of a US State Department planning committee, wrote in 1948:
We have about 50% of the world’s wealth but only 6.3% of its population. In this situation, we cannot fail to be the object of envy and resentment. Our real task in the coming period is to devise a pattern of relationships which will permit us to maintain this position of disparity without positive detriment to our national security. To do so, we will have to dispense with all sentimentality and day dreaming; and our attention will have to be concentrated everywhere on our immediate national objectives. We need not deceive ourselves that we can afford today the luxury of altruism and world benefaction.... The day is not far off, when we are going to have to deal in straight power concepts.

 This approach is also clearly being advanced by the George W. Bush White House in its “war on terrorism,” which has had the coincidental outcome of placing US troops at the centers of world oil production. While this tendency can only be expected to increase in the coming years and is likely to aggravate inter-imperialist rivalries that have since the end of World War II been submerged by global US hegemony, it is important not to discount the popular resistance both within and outside of the United States to this program. Already, the US finds itself deeply mired in Iraq, with little signs of it being able to successfully exploit Iraqi oil reserves, while a global antiwar movement has emerged on a scale unprecedented in world history to challenge this war. The contradictions between these two “superpowers”—world public opinion and the US empire—can be expected to intensify with the rise of new anti-imperialist and potentially revolutionary struggles against imperialism, and which may advance a radicalization in US society as the realities of a “war without end” sink in.
Heinberg’s “powerdown” option is fundamentally the only real alternative that can both transform human society into a more ecologically and energetically feasible economic order. Unfortunately, it is an approach that goes completely against the logic of capitalism, which needs to continually expand in order to survive. Perhaps the most relevant example of a “powerdown” approach was the transition in Cuba in the early 1990s during the “special period” caused by the collapse of the Soviet Union and the abrupt ceasing of oil imports and foreign trade with the Soviet bloc. Caloric intake dropped from 3000 calories per day in 1989 to 1900 calories in 1993 (the equivalent of losing one meal a day, every day).
 Many observers have suggested that the crisis that faced Cuba, and that has now largely been overcome, is similar in scale and effect to what would happen worldwide as a decline in oil production takes effect. The main difference is that Cuba, in addition to enjoying a tropical environment, also has a socialist society with a high degree of popular mobilization, education and technical expertise, as well as a state apparatus willing and able to efficiently transfer resources and institute rationing where necessary. Cuba responded to its crisis by implementing organic and local food production, returning to teams of oxen instead of oil powered tractors on farms, and virtually eliminating pesticides and artificial fertilizers from food production. Richard Heinberg suggests that to achieve a powerdown solution one would need to come up with mechanisms to reduce economic growth as conventionally measured in terms of GDP, limit per capita resource usages, equalize wealth between both rich and poor nations and the classes within these nations, while also stabilizing and reducing human populations. How exactly this could be done under the framework of capitalism and the bourgeois state is unclear, and Heinberg ends up proposing an essentially liberal and idealist path of personal responsibility, reform of the monetary system and lobbying of the rich and powerful.
 Missing from this conception is any notion of the possibility of class and social struggles overcoming capitalism as a system and instituting the necessary redistribution of wealth and economic planning necessary to transition away from a high energy hydrocarbon based economy. 
In the approach that he summarizes as “waiting for the magic elixir,” Heinberg takes on the possibility that other alternatives to oil may be found that would not necessitate a rupture with the current energy regime or capitalist system. He examines the possibilities of developing tar sands, the oil industry’s next best hope, the potential of methyl hydrates and the much vaunted “hydrogen economy,” and concludes that even should these unlikely alternatives work, ultimately the problem is our economic pattern of growth, which even if we find an alternate source of energy will result in the complete degradation of the environment. He maintains that even should an alternate source of energy is found to replace oil, the entire world can not enjoy the living standards of North America and Europe; attempts to achieve such a lifestyle will be accompanied by decreases in soil fertility, freshwater, biodiversity, and by the problems associated with global warming, which together will precipitate economic crisis. 
The final option that Heinberg proposes is that of “building lifeboats” or small enclaves, where sustainable and ecologically friendly processes can sustain small portions of society and the best cultural and technical achievements of industrial civilization can be preserved. While this process of building local and immediate alternatives will ultimately be needed in any transition away from a fossil fuel economy, Heinberg again forecloses the possibilities of generalized and transformative struggle against capitalism and proposes essentially escapist solutions for those able to afford them. While he does stress the importance of community solidarity as opposed to individual survivalism, building “lifeboats” falls far short of the strategy needed to take back our world from those driving it to the brink of total destruction.
Writers on peak oil have done us the service of raising awareness that the decline of world oil production could have disastrous consequences for human civilization. However, an awareness of the thermodynamic limitations of production and the environmental destruction caused by capitalism can benefit greatly from a Marxist analysis of class and social struggle. While a global awareness of the consequences of energy limitations can be a powerful force to delegitimize the capitalist economic system, and it can provide new understandings of the need for international working class solidarity, unless such an analysis is tied to agents of transformative social change an avoidance of the dire consequences envisioned by peak oil writers is unlikely. The institutions of the state and control over key accumulations of wealth and power are too important to leave in the hands of the capitalist class that has been running the world for the past several hundred years. Any real attempt to fundamentally address the conjuncture of our current economic and political situation must be one that is willing to go beyond capitalism and struggle for a new social order based on popular, democratic and ecologically sound socialist institutions.
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