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Introduction 

The skylines lit up at dead of night, the air-conditioning systems cooling empty hotels in the desert, and artificial light in the middle of the day all have something both demented and admirable about them: the mindless luxury of a rich civilization, and yet of a civilization perhaps as scared to see the lights go out as was the hunter in his primitive night. 

- Jean Baudrillard (1989) 

It is evident that the fortunes of the world's human population, for better or for worse, are inextricably interrelated with the use that is made of energy resources. 

- M. King Hubbert (1969) 

There is no substitute for energy. The whole edifice of modern society is built upon it .... It is not "just another commodity" but the precondition of all commodities, a basic factor equal with air, water, and earth. 

- E. F. Schumacher (1973) 
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he world is changing before our eyes - dramatically, inevitably, and irreversibly. The change we are seeing is affecting more people, and more profoundly, than any that human beings have ever witnessed. I am not referring to a war or terrorist incident, a stock market crash, or global warming, but to a more fundamental reality that is driving terrorism, war, eco​nomic swings, climate change, and more: the discovery and exhaustion of fossil energy resources. 

The core message of this book is that industrial civilization is based on the consumption of energy resources that are inherently limited in quantity, and that are about to become scarce. When they do, competition for what remains will trigger dramatic economic and geopolitical events; in the end, it may be impossible for even a single nation to sustain industrialism as we have known it during the twentieth century. 
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What comes after industrialism? It could be a world of lower consumption, lower population, and reduced stress on ecosystems. But the process of getting there from here will not be easy, even if the world's leaders adopt intelligent and cooperative strategies - which they have so far shown little willingness to do. Nevertheless, the end of industrial civilization need not be the end of the world. 

This is a message with such vast implications - and one that so contradicts the reassurances we receive daily from politicians and other cultural authorities - that it appears, on first hearing, to be absurd. However, in the chapters that follow I hope to show 

· the complete and utter dependency of modern industrial societies on fossil fuel energy resources as well as the inability of alternatives to fully substitute for the concentrated, convenient energy source that fossil fuels provide; 

· the vulnerability of industrial societies to economic and political disruption as a result of even minor reductions in energy resource availability; 

· the inevitability of fossil fuel depletion; 

· the immediacy of a peak in fossil fuel production, meaning that soon less will be available with each passing year regardless of how many wild lands are explored or how many wells are drilled; 

· the role of oil in US foreign policy, terrorism and war, and the geo​politics of the 21st century; 

· and hence the necessity of our responding to the coming oil pro​duction peak cooperatively, with compassion and intelligence, in a way that minimizes human suffering over the short term and, over the long term, enabling future generations to develop sustainable, materially modest societies that affirm the highest and best qualities of human nature. 

I came to the subject of energy resources out of a passion for ecology and a decades-long effort to understand what makes human cultures change - an attempt, that is, to answer the question, What causes one group of people to live in air-conditioned skyscrapers and shop at supermarkets) while another genetically similar group lives in bark huts and gathers wild foods? 
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This is a complex problem. There is no single explanation for the process of cultural change; reasons vary considerably from situation to situation. However, as many students of the subject eventually conclude, there is one element in the process that is surprisingly consistent - and that is the role of energy. 

Life itself requires energy. Food is stored energy. Ecosystems organize themselves to use energy as efficiently as possible. And human societies expand or contract, invent new technologies or remain static, in response to available energy supplies. Pay attention to energy, and you can go a long way toward understanding both ecological systems and human social systems, including many of the complexities of economic and political history. 

Once I realized this, I began to focus my attention on our society's current energy situation. Clearly, over the past century or so we have created a way of life based on mining and consuming fossil energy resources in vast and increasing quantities. Our food and transportation systems have become utterly dependent on growing supplies of oil, natural gas, and coal. Control of those supplies can therefore determine the economic health and even the survival of nations.' Then I tried to find answers to the following questions: How much petroleum is left? How much coal, natural gas) and uranium? Will we ever run out? When? What will happen when we do? How can we best prepare? Will renewable substitutes - such as wind and solar power - enable industrialism to continue in a recog​nizable form indefinitely? 

Important questions, these. But a quick initial survey of available answers proved to be confusing and frustrating. There are at least four sets of voices spouting mutually contradictory opinions: 

~ 

· The loudest and most confident voice belongs to conventional free​market economists, who view energy as merely one priced commodity among many. Like other commodities, energy resources are subject to market forces: temporary shortages serve to raise prices, which in turn stimulates more production or the discovery of substitutes. Thus the more energy we use, the more we'll have! Economics Nobel laureate Robert Solow has gone so far as to say that, ultimately, " ... the world can, in effect, get along without natural resources."! Economists like him have a happy, cornucopian view of our energy future. If an energy crisis appears, it will be a temporary one caused by "market imperfections" resulting from government regulation. Solutions will come from the market's natural response to price signals 
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if those signals are not obscured by price caps and other forms of regulatory interference. 

· A more strident voice issues from environmental activists, who are worried about the buildup of greenhouse gases in the atmosphere and about various forms of hydrocarbon-based pollution in air, water, and soil. For the most part, ecologists and eco-activists are relatively unconcerned with high energy prices and petroleum resource deple​tion - which, they assume, will occur too late to prevent serious environmental damage from global warming. Their message: Conserve and switch to renewables for the sake of the environment and our children's and grandchildren's welfare. 

· A third and even more sobering collective voice belongs to an infor​mal group of retired and independent petroleum geologists. This is a voice that is so attenuated in the public debate about energy that I was completely unaware of its existence until I began systematically to research the issues. The petroleum geologists have nothing but contempt for economists who, by reducing all resources to dollar prices, effectively obscure real and important physical distinctions. According to the petroleum geologists, this is arrant and dangerous nonsense. Petroleum will run out. Moreover, it will do so much sooner than the economists assume - and substitutes will not be easy to find. The environmentalists, who for the most part accept economists' estimates of petroleum reserves, are, according to the geologists, both right and wrong: we should indeed be switching to renewable alternatives, but because the renewables cannot fully replicate the energy characteristics of fossil fuels and because decades will be required for their full development, a Golden Age of plentiful energy from renewable sources is simply not in the cards. Society must engage in a crash program of truly radical con​servation if we are to avoid economic and humanitarian catastrophe as industrialism comes to its inevitable end. 

· Finally, there is the voice that really matters: that of politicians, who actually set energy policy. Most politicians tend to believe the economists because the latter's cornucopian message is the most agreeable one - after all, no politician wants to be the bearer of the awful news that our energy-guzzling way of life is waning. However, 
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unlike economists, politicians cannot simply explain immediate or projected energy constraints away as a temporary inconvenience. They have to deal with constituents - voters - who want good news and quick solutions. When office holders are forced to acknowledge the reality of an impending energy crisis, they natu​rally tend to propose solutions appropriate to their constituency and their political philosophy, and they predictably tend to blame on their political opponents whatever symptoms of the crisis cannot be ignored. Those on the political Left usually favor price caps on energy and subsidies to low-income rate payers; they blame price​gouging corporations for blackouts and high prices. Those on the political Right favor "free-market" solutions (which often entail subsidies to oil companies and privately owned utilities) and say that shortages are due to environmental regulations that prevent compa​nies from further exploration and drilling. 

Personally, I have long supported the program of developing renewable energy alternatives that eco-activists advocate. I still believe in that program, now more than ever. However, after studying the data and interviewing experts, I have concluded that, of the four groups described above, the retired and independent petroleum geologists are probably giving us the most useful factual information. Theirs is a long-range view based on physical reality. But their voice is the hardest to hear because, while they have undeniable exper​tise, there are no powerful institutions helping them spread their message. In this book, the reader will find the geologists' voices prominently represented. 

~ 

As should be obvious from the title of this book, I am choosing to emphasize the bad news that we are approaching the first stages of an energy crisis that will not easily be solved and that will have a profound and permanent impact on our way of life. There is also good news to be conveyed: it is possible that, in the post-petroleum world, humankind will discover a way of living that is more psy​chologically fulfilling as well as more ecologically sustainable than the one we have known during the industrial age. However, unless we are willing to hear and accept the bad news first, the good news may never materialize. 

Many books published during the past few decades have pleaded with us to reduce our non-renewable energy usage for a variety of reasons - to lessen the 
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greenhouse effect and environmental pollution, to halt the destruction of local communities and cultures, or to preserve human health and sanity. Though I agree with those prescriptions, this is not another such book. Until now, humankind has at least theoretically had a choice regarding the use of fossil fuels - whether to use constantly more and suffer the long-term consequences or to conserve and thus forgo immediate profits and industrial growth. The message here is that we are about to enter a new era in which, each year, less net energy will be available to humankind, regardless of our efforts or choices. The only significant choice we will have will be how to adjust to this new regime. That choice - not whether, but how to reduce energy usage and make a transition to renewable alternatives - will have profound ethical and political implications. But we will not be in a position to navigate wisely through these rapids of cultural change if we are still living with the mistaken belief that we are somehow entitled to endless energy and that, if there is suddenly less to go around, it must be because "they" (the Arabs, the Venezuelans, the Canadians, the environmentalists, the oil companies, the politicians, take your pick) are keeping it from us. 

Industrial societies have been flourishing for roughly 150 years now, using fossil energy resources to build far-flung trade empires, to fuel the invention of spectacular new technologies, and to fund a way of life that is opulent and fast​paced. It is as if part of the human race has been given a sudden windfall of wealth and decided to spend that wealth by throwing an extravagant party. The party has not been without its discontents or costs. From time to time, a lone voice issuing from here or there has called for the party to quiet down or cease altogether. The partiers have paid no attention. But soon the party itself will be a fading memory - not because anyone decided to heed the voice of moderation, but because the wine and food are gone and the harsh light of morning has come. 

Here is a brief tour of the book's contents: 

Chapter 1 is a general discussion of energy in nature and human societies. 

In it we see just how central a role energy has played in the past and why it will shape the fates of nations in the decades ahead. This chapter is a brief guided trip through the fields of ecology, cultural anthropology, and history, with energy as our tour guide. 

Chapter 2 traces the history of the industrial era - the historic interval of cheap energy - from the Europeans' first use of coal in the 12rh century to the 
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20th-century miracles of petroleum and electricity with their cascading streams of inventions and conveniences. 

Chapter 3 is in many respects the informational core of the book. In it we will learn to assess oil resources and review estimates of current reserves and extraction rates. Many readers may find the information in this chapter unfa​miliar and disturbing since it conflicts with what we frequently hear from economists and politicians. Among other things, we will explore the question, Why do the petroleum-reserve estimates of independent geologists diverge so far from those of governmental agencies like the US Geological Survey? 

Chapter 4 explores the available alternatives to oil: from coal and natural gas to solar power, wind, and hydrogen, including cold fusion and "fringe" free-energy devices. 

Chapter 5 discusses the meaning and the implications of the approaching peak in fossil-fuel production. We will explore the connections between petroleum dependence, world food systems, and the global economy. We will also examine the global strategic competition for dwindling petroleum resources and attempt to predict the flashpoints for possible resource wars. 

Finally, Chapter 6 addresses the vital question: What can we do? - individ​ually, as communities, as a nation, and globally. In this chapter we will explore solutions, from the simple practical steps any of us can take to policy recom​mendations for world leaders. As we will see, humankind now must decide whether to respond to resource shortages with bitter competition or with a spirit of cooperation. We will face this decision at all levels of society - from the family and neighborhood to the global arena of nations and cultures. 
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Energy, Nature and Society 

The life contest is primarily a competition for available energy. 

- Ludwig Boltzman (1886) 

Other factors remaining constant, culture evolves as the amount of energy harnessed per capita per year is increased, or as the efficiency of the instrumental means of putting the energy to work is increased. We may now sketch the history of cultural development from this standpoint. 

- Leslie White (1949) 

[T]he ability to control energy, whether it be making wood fires or building power plants, is a prerequisite for civilization. 

- Isaac Asimov (1991) 
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e live in a universe pulsing with energy; however, only a limited amount of that energy is available for our use. We humans have recently discovered a temporary energy subsidy in the forms of coal, oil, and natural gas, and that momentary energy bonanza has fueled the cre​ation of modern industrial societies. We tend to take that subsidy for granted, but can no longer afford to do so. Emerging circumstances will require us to think much more clearly, critically, and contextually about energy than we have ever done before. 

In this chapter we will first review some basic facts about energy and the ways in which nature and human societies function in relation to it. We will follow this discussion of principles with an exploration of the history of the United States' rise to global power, showing the central role of energy resources in that process. 

9
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The first section below includes information that may already be familiar to many readers from high-school or college courses in physics, chemistry, and biology. I begin with this material because it is absolutely essential to the understanding of all that follows throughout the book. Have patience. We will soon arrive in new (and disturbing) intellectual territory. 

Energy and Earth: The Rules of the Game 

Few understand exactly what energy is. And yet we know that it exists; indeed, without it, nothing would exist. 

We commonly use the word energy in at least two ways. A literary or music critic might say that a particular poem or performance has energy, meaning that it has a dynamic quality. Similarly, we might remark that a puppy or a tod​dler has a lot of energy. In those cases we would be using the term intuitively, impressionistically, even mystically - though not incorrectly. Physicists and engineers use the word to more practical effect. They have found ways to mea​sure energy quite precisely in terms of ergs, watts, calories, and joules. Still, physicists have no more insight into energy's ultimate essence than do poets or philosophers. They therefore define energy not in terms of what it is, but by what it does: as "the ability to do work" or "the capacity to move or change matter." It is this quantifiable meaning of the term energy that concerns us in this book. Though we are considering something inherently elusive (we can​not, after all, hold a jar of pure energy in our hands or describe its shape or color), energy is nevertheless a demonstrable reality. Without energy, nothing happens. 

In the 19th century, physicists formulated two fundamental laws of energy that appear to be true for all times and places. These are commonly known as the First and Second Laws of Thermodynamics. The first, known as the Conservation Law, states that energy cannot be created or destroyed, only transformed. However, energy is never actually "transformed" in the sense that its fundamental nature is changed. It is more accurate to think of energy as a singular reality that manifests itself in various forms - nuclear, mechanical, chemical, thermal, electromagnetic, and gravitational - which can be con​verted from one to another. 

The Second Law of Thermodynamics states that whenever energy is con​verted from one form to another, at least some of it is dissipated, typically as heat. Though that dissipated energy still exists, it is now diffuse and scattered, and thus less available. If we could gather it up and re-concentrate it, it could 

ENERGY, NATURE AND SOCIETY   11 

still work for us; but the act of re-concentrating it would itself require more energy. Thus, in effect, available energy is always being lost. The Second Law is known as the law of entropy - a term coined by the German physicist Rudolf Clausius in 1868 as a measure of the amount of energy no longer practi​cally capable of conversion into work. The Second Law tells us that the entropy within an isolated system inevitably increases over time. Since it takes work to create and maintain order within a system, the entropy law tells us that, in the battle between order and chaos, it is chaos that ultimately will win. 

It is easy to think of examples of entropy. Anyone who makes the effort to keep a house clean or who tries keeping an old car repaired and on the road knows about entropy. It takes work - thus energy - to keep chaos at bay. However, it is also easy to think of examples in which order seems naturally to increase. Living things are incredibly complex, and they manage not only to maintain themselves but to produce offspring as well; technological gadgets (such as computers) are always becoming more sophisticated and capable; and human societies seem to become larger, more complex, and more powerful over time. These phenomena all appear to violate the law of entropy. The key to seeing why they actually don't lies in the study of systems. 

The Second Law states that it is the entropy in an isolated system that will always increase. An isolated system is one that exchanges no energy or matter with its environment. The only truly isolated system that we know of is the universe: But there are two other possible types of energy systems: closed systems (they exchange energy with their environment, but not matter) and open sys​tems (they exchange both energy and matter with their environment). The Earth is, for the most part, a closed system: it receives energy from the Sun and re-radiates much of that energy back out into space; however, aside from the absorption of an occasional asteroid or comet fragment, the Earth exchanges comparatively little matter with its cosmic environment. Living organisms, on the other hand, are examples of open systems: they constantly receive both energy and matter from their environment, and also give off both energy and matter. 

It is because living things are open systems, with energy and matter contin​ually flowing through them, that they can afford to create and sustain order. Take away their sources of usable energy or matter, and they soon die and begin to disintegrate. This is also true of human societies and technologies: they are open systems that depend upon the flow of energy and matter to create temporary islands of order. Take away a society's energy sources, and "progress"
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- advances in technology and the growth of complex institutions - quickly ceases. Living systems can increase their level of order and complexity by increasing their energy flow-through; but by doing so, they also inevitably increase the entropy within the larger system of which they are a part. 

Matter is capable of storing energy through its chemical order and complexity. 

This stored energy can be released through chemical processes, such as com​bustion or, in the case of living things, digestion. Materials that store energy are called fuels. 

The law of entropy holds true for matter as well as for energy. When energy is dissipated, the result is called heat death. When matter is eroded or degraded, the result is called matter chaos. In both cases, the result is a randomization that makes both matter and energy less available and useful. 

In past decades, a simplistic understanding of entropy led many scientists to conclude that order is an anomaly in the universe - a belief that made it dif​ficult to explain how biological evolution has proceeded from the simple to the complex, from bacteria to baleen whales. In recent years, more sophisticated understandings have developed, centered mostly around chaos theory and Ilya Prigogine's theory of dissipative structures. Now it is known that, even within apparently chaotic systems, deeper forms of order may lurk. However, none of these advances in the understanding of living systems and the nature of entropy circumvents the First or Second Laws of Thermodynamics. Order always has an energy cost. 

Because the Earth is a closed system, its matter is subject to entropy and is thus continually being degraded. Even though the planet constantly receives energy from its environment, and even though the ecosystems within it recy​cle materials as efficiently as they can, useful concentrations of matter (such as metal ores) are always being dispersed and made unusable. 

On Earth, nearly all the energy available to fuel life comes from the Sun. There are a very few exceptions; for example, oceanographers have discovered organisms living deep in ocean trenches, thriving on heat emanating from the Earth's core. But when we consider the energy flows that support the bio​sphere as a whole, sources originating within the planet itself are trivial. 

The Sun continually gives off an almost unimaginable amount of energy ​the equivalent of roughly 100 billion hydrogen bombs going off each second - radiating it in all directions into space. The Earth, 93 million miles away, is a comparatively tiny target for that energy, receiving only an infinitesimal frac​tion of what our local star radiates. Still, in terms that concern us, that's plenty; 
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our planet is constantly bathed in 1,372 watts of sunlight energy per square meter. The total influx of solar energy to the Earth is more than 10,000 times the total amount of energy humankind presently derives from fossil fuels, hydro power, and nuclear power combined. The relative vastness of this solar​energy influx as compared with society's energy needs might suggest that humans will never face a true energy shortage. But only some of this solar energy is actually available for our use: much is re-radiated into space (30 per​cent is immediately reflected from clouds and ice), and nearly all of the rest is already doing important work, such as driving the weather by heating the atmosphere and oceans and fueling life throughout the biosphere. 

Some organisms - green plants, including algae and phytoplankton - are able to take in energy directly from sunlight. Biologists call these organisms producers, or autotrophs ("self-feeders"), because they make their own food from inorganic compounds in their environments.1 Producers trap solar energy through photosynthesis, a process in which chlorophyll molecules convert sun​light into chemical energy. Most of us tend to assume that green plants are mostly made, up of materials from the soil drawn up through the plants' roots. This is only partly true; plants do require minerals from the soil, but most of their mass is actually derived from air, water and sunlight, via photosynthesis. Hundreds of chemical changes are involved in this process, the results of which can be summarized as follows: 

carbon dioxide + 
water
+ solar energy --> glucose 
+
oxygen
6CO2
+
6H2O
+ solar energy --> C6H12O6 +
6O2
Glucose - a sugar, or carbohydrate - serves as food for plants and can be converted into materials from which the plants build their tissues. Plants absorb only about half of the solar energy that falls on them; of that, they are able to convert only about one to five percent into chemical energy. Still, even at this low level of efficiency, photosynthetic organisms each year capture a little more than twice the total amount of energy used annually by human beings. (However, within the US, the total amount of energy captured in photosyn​thesis amounts to only about half of the energy used by humans.) 

All nonproducing organisms are classifiable as consumers, or heterotrophs ("other-feeders"). By digesting glucose and other complex organic compounds that were produced through photosynthesis, consumers absorb the energy previ​ously locked into chemical order by green plants. In the process, they produce waste - less-ordered material - which they excrete into the environment. Glucose - a sugar, or carbohydrate - serves as food for plants and can be converted into materials from which the plants build their tissues. Plants absorb only about half of the solar energy that falls on them; of that, they are able to convert only about one to five percent into chemical energy. Still, even at this low level of efficiency, photosynthetic organisms each year capture a little more than twice the total amount of energy used annually by human beings. (However, within the US, the total amount of energy captured in photosyn​thesis amounts to only about half of the energy used by humans.) 

All nonproducing organisms are classifiable as consumers, or heterotrophs ("other-feeders"). By digesting glucose and other complex organic compounds that were produced through photosynthesis, consumers absorb the energy previ​ously locked into chemical order by green plants. In the process, they produce waste - less-ordered material - which they excrete into the environment. In
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effect, consumers feed on order and excrete chaos in order to survive. All ani​mals are consumers. 

There are several categories of consumers: herbivores, which eat plants; carni​vores, which eat other consumers (primary carnivores eat herbivores, secondary carnivores eat other carnivores, and tertiary carnivores eat carnivores that eat carnivores); scavengers, which eat dead organisms that were killed by other organisms or died naturally; detritovores, which eat cast-off fragments and wastes of living organisms; and decomposers, consisting mostly of certain kinds of bacteria and fungi, which complete the final brealcdown and recycling of the remains and wastes of all organisms. Human beings - like foxes, bears, rats, pigs, and cockroaches - are omnivores, eating both plants and animals.2 

Both producers and consumers use the chemical energy stored in glucose and other organic compounds to fuel their life processes. In most cells, this is accomplished through aerobic respiration, a process with a net chemical change opposite that of photosynthesis: 

glucose         +
C6H12O6      +
oxygen
--> carbon dioxide 
+  water
  +
energy

6O2 
--> 6CO2 

+  6H2O
  +
energy
Some decomposers get energy through anaerobic respiration, or fermenta​tion. Instead of carbon dioxide and water, the end products are compounds such as methane gas (a simple hydrocarbon) and ethyl alcohol. Normally, in the decay of organic materials, a chemical process based on aerobic respiration occurs, with carbon-based organic material combining with oxygen to yield carbon dioxide and water. However, if there is no additional oxygen available because of an anaerobic environment - such as exists if organic matter is buried under sediment or stagnant water - then anaerobic decomposers go to work. Plant and animal remains are transformed into hydrocarbons as oxygen atoms are removed from the carbohydrate organic matter. This is the chemical basis for the formation of fossil fuels. It is now believed that most oil comes from a few brief epochs of extreme global warming over quite short spans of geolog​ical time. The process began long ago and today yields fuels - chemically stored sunlight - that are energy-dense and highly usable. 

Energy in Ecosystems: Eating and Being Eaten 

Just as individual organisms use energy, so do complex systems made up of thousands or millions of organisms. The understanding of how they do so has been one of the central projects of the science of ecology. 
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The term ecology was coined in 1869 by German biologist Ernst Haeckel from the Greek roots oikos ("house" or "dwelling") and logos ("word" or "study of"). However, the discipline of ecology - which is the study of how organ​isms interact with one another and their surroundings - did not really flourish until the beginning of the 20th century. 

At first, ecologists studied food chains - big fish eating little fish. Quickly, however, they realized that since big fish die and are subsequently eaten by scavengers and microbes that are then eaten by still other organisms, it is more appropriate to speak of food cycles or webs. Further analysis yielded the insight that all of nature is continually engaged in the cycling and recycling of matter and energy. There are carbon cycles, nitrogen cycles, phosphorus cycles, sulfur cycles, and water cycles. Of fundamental importance, however, are energy flows - which tend to drive matter cycles and which, as we have seen, begin in nearly all cases with sunlight. 

Energy is the basic currency of ecosystems, passing from green plants to herbivores to carnivores, with decomposers participating along the way. With each transfer of energy, some is lost to the environment as low-quality heat. Typically, when a caterpillar eats a leaf, when a thrush eats the caterpillar, or when a hawk eats the thrush, only 5 to 20 percent of usable energy is trans​ferred from one level to the next. Thus, if green plants in a given area capture, for example, 10,000 units of solar energy, then roughly 1,000 units will be available to support herbivores, even if they eat all of the plants; only 100 units will be available to support primary carnivores; only 10 to support secondary carnivores; and only one to support tertiary carnivores. The more energy-transfer levels there are in the system, the greater the cumulative energy losses. In every ecosystem, most of the chemically bound energy is contained among the pro​ducers, which also account for most of the biomass. The herbivores present will account for a much smaller fraction of the biomass, and the carnivores for yet a still smaller fraction. Thus the energy flow in ecosystems is typically repre​sented by a pyramid, with producers on the bottom and tertiary carnivores at the top. 

The energy available in an ecosystem is one of the most important factors in determining its carrying capacity, that is the maximum population load of any given species that is able to be supported by its environment on an ongo​ing basis. Energy is not the only factor, however; the operative principle in determining carrying capacity is known as Liebig's Law (after the 19th-century German scientist Justus von Liebig), which states that whatever necessity is 
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least abundant, relative to per-capita requirements, sets the environment's limit for the population of any given species. For a plant, the limiting factor may be heat, sunlight, water, nitrogen, or phosphorus. Sometimes too much of a limiting factor restricts the carrying capacity, as when plants are killed by too much water or too much soil acidity. The limiting factor for any popula​tion may change over time. For herbivores and carnivores, the most common limiting factor is food-energy. This is why ecologists pay so much attention to food webs: when we understand the energy flows within an ecosystem, the dynamics of the system as a whole become clear. 

These days the term ecology is often understood to be used merely in a scien​tific critique of human society's negative impact on nature. There are two reasons for this. The first is that early ecologists soon realized that, since humans are organisms, ecology should include the study of the relationship between people and the rest of the biosphere. The second is that, as early ecol​ogists cataloged and monitored various natural systems, they found that it was becoming increasingly difficult to study such systems in an undisturbed state; everywhere, nature was being impacted by the human presence. 

This impact itself became a focus of investigation, and soon ecologists real​ized that disturbed and undisturbed systems differ in clear ways. Ecosystems that have not been disturbed significantly for long periods of time (whether by humans or by natural disasters) tend to reach a state of dynamic equilibrium which ecologists call a climax phase, meaning that organisms have adapted themselves to one another in such a way as to maintain relatively constant popu​lation levels, to avoid direct competition, to keep energy flow-through to a minimum, and to recycle available energy and nutrients as completely as pos​sible. They have formed, to use an anthropomorphic term, a community. 

Biological communities are kept in equilibrium through balancing feedback loops. A useful technological example of a balancing feedback loop is a thermo​stat: if a room gets too cold, the thermostat triggers the furnace to turn on; when the room achieves the set temperature, the thermostat turns the furnace off. The temperature of the room varies, but only narrowly. Similarly, feedback loops in ecosystems - such as predator-prey relationships - tend to keep vary​ing population levels within narrow ranges. If the vole population increases, fox and hawk populations will soon expand to take advantage of this food​energy surplus. The increase in the hawk and fox populations will then reduce the vole population, whose diminution will eventually lead to a reduction in the numbers of hawks and foxes'as well. 
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The more mature the ecosystem, the more thoroughly the organisms in it use the available energy. Waste from one organism becomes food for another. Moreover, in order not to expend energy unnecessarily, organisms will tend to avoid direct competition through any of several strategies: by dividing the habitat into niches, by specializing (for example, if two species depend upon the same food source, they may evolve to feed at different times of day), or by periodic migration. Territorial animals avoid wasting energy in fights by learning to predict one another's behavior from signals like posture, vocalizations, and scent marks.3  As a result, climax ecosystems give the appearance of cooperation and harmony among member species. The degree of mutual interdependence achieved can be astounding, with differing species relying on one another for food, shelter, transportation, warnings of danger, cleaning, or protection from predators. As biologist Lewis Thomas once put it, "The urge to form partner​ships, to link up in collaborative arrangements, is perhaps the oldest, strongest, and most fundamental force in Nature. There are no solitary, free-living crea​tures, every form of life is dependent on other forms."4 

In climax ecosystems, population levels are kept relatively in check not only through predators culling prey species, but also through species acting on their own to limit their numbers via internal feedback mechanisms. These internal mechanisms are seen in elephants, for example, which regulate their population densities through delays in the onset of maturity as well as among smaller animals such as mice, where females typically ovulate more slowly or cease ovulation altogether if populations become too dense. In many bird species, much of the adult population simply does not breed when there is no food-energy available to support population growth. 

All of this contrasts with ecosystems that have recently been seriously dis​turbed, or whose balances have been upset by the arrival of a new species. 

Fires, floods, and earthquakes are high -energy events that can overwhelm the energy balances of climax ecosystems. Disturbed ecosystems are characterized by disequilibrium and change. First, pioneer species appear - and proliferate wildly. They then give way to various secondary species. The environment passes through a series of phases, known collectively as ecological succession, until it arrives again at a climax phase. During these successive phases, earlier organisms transform the environment so that conditions are favorable for organisms that appear later. For example, after a forest fire, tough, annual, weedy, ground-cover plants spring up first. During the second or third season, perennial shrubs begin to dominate; a few years later, young trees will have 
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grown tall enough to shade out the shrubs. In some cases, this first generation of trees may eventually be replaced by other tree species that grow taller. It may take many decades or even centuries for the land to again become a cli​max forest ecosystem. If we accept the view that the Earth can itself be treated as a living being, as has been proposed by biologists James Lovelock and Lynn Margulis5, then it might be appropriate to think of succession as the Earth's method of healing its wounded surface. 

In other instances, balances in ecosystems can be upset as a result of the appearance of exotic species. These days, the arrival of most exotic species is due to the actions of humans importing plants and animals for food, decoration, or as pets. But sometimes new arrivals appear on a freak wind current or a piece of flotsam. Most newcomers, having evolved in other environments, are unfit for life in their new surroundings and quickly perish; but occasionally, an exotic species finds itself in an environment with plenty of available food and with no predators to limit its numbers. In such instances, the species becomes an invader or colonizer and can compete directly with indigenous species. Most Americans are familiar with Scotch broom, starlings, and kudzu vine - all of which are successful, persistent, and profuse colonizers. 

Many colonizing species are parasites or disease-causing organisms: bacte​ria, protozoa, or viruses. When such organisms initially invade a host species, they are often especially virulent because the host has not yet developed the proper antibodies to ward off infection. But the death of the host is no more in the interest of the microbe than it is in the interest of the host itself since the former is dependent on the latter for food and habitat. Thus, over time, disease organisms and their hosts typically co-evolve, so that diseases which ini​tially were fatal eventually become relatively innocuous childhood diseases like measles, mumps, or chickenpox. 

Not all feedback loops create balance, however; in reinforcing feedback loops, change in one direction causes more change in the same direction. A techno​logical example would be a microphone held too close to the speaker of the amplifier to which it is attached. The microphone picks up sound coming from the speaker, then feeds it back to the amplifier, which amplifies the sound and sends it back through the speaker, and so on. The result is a loud, unpleasant squeal. 

Colonizing species sometimes create reinforcing feedback loops within natural systems. While population levels among species in climax ecosystems are rela​tively balanced and stable, populations in disturbed or colonized ecosystems go through dramatic swings. When there is lots of food-energy available to the 
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colonizing species, its population blooms. Suppose the organism in question is the rabbit, and the environment is Australia - a place previously devoid of rab​bits, where there is plenty of food and no natural predator capable of restraining rabbit population growth. Each rabbit adds (on average) ten new baby rabbits to the population. This means that if we began with ten rabbits, we will soon have 110. Each of these adds ten more, and before we know it, we have 1,210 rabbits. More rabbits cause more babies, which cause more rabbits, which cause more babies. 

Obviously, this cannot go on forever. The food supply for the rabbits is ulti​mately limited, and eventually there will be more rabbits than there is food to support them. Over the long term, a balance will be struck between rabbits and food. However, that balance may take a while to be achieved. The momentum of population increase may lead the rabbits to overshoot their car​rying capacity. The likelihood of overshoot is increased by the fact that the environment's carrying capacity for rabbits is not static. Since the proliferating rabbits may eat available vegetation at a faster rate than it can naturally be regenerated, the rabbits may actually reduce their environment's rabbit-carry​ing capacity even as their numbers are still increasing. If this occurs, the rabbit population will not simply gradually diminish until balance is achieved; instead, it will rapidly crash - that is, the rabbits will die off 

At this point, depending on how seriously the rabbits have altered their environment's carrying capacity, they will either adapt or die out altogether. If they have not eaten available food plants to the point that those plants can no longer survive and reproduce, the rabbit population will stabilize at a lower level. For a time, population levels will undergo more seasonal swings of bloom, overshoot, and die-off as food plants recover and are again eaten back. Typically, those swings will slowly diminish as a balance is achieved and as the rabbits become incorporated into the ecosystem. This is, in fact, what has begun to happen in Australia since the introduction of rabbits by Europeans in 1859. However, if the rabbits were ever to eat food plants to the point of total elimination, they would reduce the rabbit-carrying capacity of their envi​ronment to zero. At that point, the rabbits would die out altogether. 

Since successful invaders change their environments, usually overpopulating their surroundings and overshooting their ecosystem's carrying capacity, colo​nized ecosystems are typically characterized by reduced diversity and increased energy flow-through. As colonizers proliferate, energy that would ordinarily be intercepted by other organisms and passed on through the food web goes 
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unused. But this is always a temporary state of affairs: living systems don't like to see energy go to waste, and sooner or later some species will evolve or arrive on the scene to use whatever energy is available. 

These are the rules of the game with regard to energy and life: energy supplies are always limited; there is no free ride. In the long run, it is in every species' interest to learn to use energy frugally. Competition, though it certainly exists in Nature, is temporary and limited; Nature prefers stable arrangements that entail self-limitation, recycling, and cooperation. Energy subsidies (resulting from the disturbance of existing environments or the colonization of new ones) and the ensuing population blooms provide giddy moments of extravagance for some species, but crashes and die-offs usually follow. Balance eventually returns. 

Social leveraging Strategies: How to Gain an Energy Subsidy 
We don't often tend to think about the social sciences (history, economics, and politics) as subcategories of ecology. But since people are organisms, it is appar​ent that we must first understand the principles of ecology if we are to make sense of events in the human world . 
Anthropological data confirm that humans are capable of living in balance and harmony as long-term members of climax ecosystems. For most of our existence as a species, we survived by gathering wild plants and hunting wild animals. We lived within the energy balance of climax ecosystems - altering our environment (as every species does), yet maintaining homeostatic, recip​rocally limiting relationships with both our prey and our predators. 

However, humans are also capable of acting as colonizers, dominating and disrupting the ecosystems they encounter. And there is evidence that we began to do this many millennia ago, long before Europeans set out deliberately to colonize the rest of the world. 

Like all organisms, humans seek to capture solar energy. Humans have cer​tain disadvantages as well as advantages in this regard. Our disadvantages include our lack of thick fur, which would allow us to live in a wide range of climates, and our upright posture, which hampers our ability to outrun bears and lions. Our advantages include our adaptability, our flexible and grasping hands, and our ability to communicate abstract ideas by means of complex vocalizations - that is, by language. 

We have made the most of our advantages. By exploiting them in ever more ingenious ways, we have developed five important strategies for gaining energy subsidies and thereby expanding the human carrying capacity of our environments: 
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· takeover, 

· tool use, 

· specialization, 

· scope enlargement, and 

· drawdown.6 

While other creatures have adopted some of these strategies to a limited degree, modern industrial humans have become masters of all of them, combin​ing and leveraging their advantages. Through an examination of these strategies we can begin to understand how and why Homo sapiens - one species among millions - has come to dominate the planetary biosphere. 

Takeover 

The first and most basic strategy that we have used to increase the human car​rying capacity of our environments is one that William Catton, in his pathbreaking book Overshoot (1980), called takeover. It consists, in his words, 

... of diverting some fraction of the earth's life-supporting capacity from supporting other kinds of life to supporting our kind. Our pre​Sapiens ancestors, with their simple stone tools and fire, took over for human use organic materials that would otherwise have been consumed by insects, carnivores, or bacteria. From about 10,000 years ago, our earliest horticulturalist ancestors began taking over land upon which to grow crops for human consumption. That land would otherwise have supported trees, shrubs, or wild grasses, and all the animals dependent thereon - but fewer humans. As the expanding generations replaced each other, Homo sapiens took over more and more of the surface of this planet, essentially at the expense of its other inhabitants.7 

Takeover is a strategy composed of substrategies. The most basic of these entailed simply moving to new habitats. Homo sapiens presumably evolved in Africa; probably because of population pressure (which, in turn, may have been due to natural disasters or climate change), early humans left their African homeland and gradually began to fan out around the globe - first to Asia and Europe, and then to Australia, the Pacific Islands, and the Americas. As humans arrived in new habitats, they inevitably took over food-energy from other organisms, as all successful colonizing species do. They hunted for wild game 
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that might otherwise have been prey for wolves, lions, or bears; and they for​aged for roots, berries, seeds, and tubers that were already nourishment to a host of herbivores. 

Meanwhile, humans were themselves prey to large carnivores. Hence, humans and the existing members of their newfound ecosystem communities went through a process of mutual adjustment. The archaeological evidence suggests that the adjustment was sometimes a painful one: humans often upset local balances dramatically, appropriating so much of the food supply that they caused or hastened the extinction of many animal species.s 

Humans facilitated the takeover process by the use of fire - a rapid release of chemically stored energy. This constituted a second substrategy of takeover. In addition to keeping people warm at night, fire also served to increase their food supply. Early humans often carried fire sticks with them, deliberately igniting underbrush both to flush out game and to encourage the growth of edible shoots and grasses. The Native Americans and Aboriginals of Australia were still using fire this way when European colonists first arrived. It is inter​esting to note that at least one nonhuman animal has adopted the same tactic: the black kite of India is known as the "fire hawk" because of its habit of pick​ing up smoldering sticks from fires, dropping them on dry grass, and then waiting to catch small animals that flee.9 

When humans arrived in Australia roughly 60,000 years ago, their use of fire so disrupted the normal growth cycles of shrubs and trees that large indigenous birds and mammals, including giant kangaroos and flightless ostrich-like birds, were deprived of food. According to recent paleontological research, roughly 85 percent of the Australian animals weighing more than 100 pounds disap​peared within a few millennia of the first human appearance on the scene.10 

The first humans to arrive in the Americas and the Pacific Islands provide similar examples: there, too, animal extinctions closely followed human arrival. In North America, the mammoth, mastodon, native horse, four-pronged ante​lope, native camel, giant beaver, ground sloth, mountain deer, and giant peccary all succumbed about 12,000 to 10,000 years ago, at a time when humans were migrating rapidly from Asia through present-day Alaska and southward into vast territories opened up by retreating ice sheets. Similarly, the Polynesian peoples extinguished the large, flightless moa bird soon after arriving in New Zealand. 

But it is important to note what happened next in many of these places. In ancient Australia, over a period of tens of thousands of years, human beings and their adopted environment achieved a relative balance. The Aboriginals 
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developed myths, rites, and taboos: overhunting was forbidden, and burning was permitted only in certain seasons of the year. Meanwhile, native species adjusted themselves to the presence of humans. All of the surviving species ​humans, animals, and plants - co-evolved. By the time European colonizers arrived, once again upsetting the balance, Australia - people and all - had the characteristics of a climax ecosystem. Many native Australian trees and shrubs had so adjusted themselves to the Aboriginals' "fire-farming" practices that they could no longer reproduce properly in the absence of deliberate burning. Moreover, the Aboriginals had learned the necessity of limiting their own population levels through extended lactation, the use of contraceptive herbs, or, if necessary, infanticide. 

In North America, native peoples had come to regard as sacred the animals and plants they used as food. According to Luther Standing Bear in his 1928 book My People the Sioux, Native Americans recognized a human responsibil​ity to the rest of nature and regarded "the four-leggeds, the wingeds, the star people of the heavens, and all things as relatives."11 Overhunting or the wan​ton destruction of ecosystems had come to be viewed by these people as an act with negative moral as well as practical implications. 

In addition to the colonization of new territories and the use of fire, humans have pursued takeover through yet another substrategy: the appropriation of ever greater amounts of the total food web to human use, first through horti​culture (gardening with a hoe or digging stick), then through agriculture (the planting of field crops, usually entailing the use of plows and draft animals). The deliberate planting and tending of food plants probably began gradually and somewhat inadvertently at a time when humans had already populated many habitable areas of the world as densely as they could. When people live by hunting and gathering, they require large territories; in this case, the human carrying capacity of a typical environment may be considerably less than one person per square mile. Horticulture yielded more food from a given land area, permitting population densities of several individuals per square mile. 

Agriculture was yet more productive, permitting even greater population densities, though it also resulted in a reduction in the variety and nutritional quality of the human food supply: paleoanthropologists have found that the skeletons of early agriculturalists are usually smaller and show more evidence . of degenerative diseases than those of earlier hunter-gatherers. 

Agriculture entailed the deliberate simplification of ecosystems. Humans learned to grow only a few domesticated food crops while discouraging 
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competitors to their food plants (weeds) and killing any organisms that com​peted with humans for access to those food plants (pests). 

The domestication of animals constituted yet another variation on the takeover strategy. Animals could be useful for extracting energy from ecosystems in two ways: first, by concentrating and making available food energy from otherwise inedible fibrous plants; and second, by providing traction to pull plows, carts, and carriages. By helping to intensify agricultural production and assisting in overland transportation, domesticated animals facilitated the conquest of ecosystems and continents. 

Though the takeover strategy was applied at first to other species, soon some humans began to use it in relation to other humans. Typically, societies with denser populations and more powerful weapons took over the territories of, or enslaved, groups with less intensive demands on the environment. This last substrategy achieved its apotheosis in the European takeover of most of the rest of the planet throughout the past 500 years . 

Tool Use 

Over the millennia, we humans facilitated our takeover of new ecosystems and other societies with an expanding kit of tools - from fire-drills, spears, knives, baskets, and pots to plows, carts, sailboats, machine guns, steam shovels, and computers. 

This second basic strategy - the design, making, and use of tools - has ancient roots: archaeological evidence suggests that humans have been using tools for at least a hundred thousand years, perhaps much longer. Moreover, tool use is not absent among other animals: captive birds of the corvid family (which includes crows, ravens, and jays) have been reliably observed sponta​neously constructing rakes out of available sticks or newspaper strips for pulling grain from outside their cage; placing stones in a drinking dish to raise the water to a drinkable level; or using a plastic cup to fetch and pour water on too-dry food.12 Thus, the spectacular tools invented and used by modern industrial humans represent the development of a long-existing biological potential. 

Nearly all tools assist in the harvesting or leveraging of ever-greater amounts of energy from the environment. The only notable exceptions are tools used purely for entertainment - which are also ancient, dating back at least to the oldest-recovered bone flute, made about 60,000 years ago. 

It is often said that humans use tools to adapt and change their environ​ments, and this is certainly true (recall the use of fire to thin out brush and 
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thus clear space for the growth of food-yielding plants). However, it is just as accurate to say that we use tools to adapt ourselves to a variety of habitats. For example, we use shoes to adapt our feet to walking on rocky or uneven terrain. 

Looked at this way, tools can be considered as functionally equivalent to detachable organs.13 Another way of saying this is that tools are prosthetic devices we add to ourselves to replace or supplement our senses, limbs, or mus​cles. Usually the term prosthesis is used to describe a mechanical replacement for an absent organ or a supplement for a poorly functioning one (examples include artificial limbs, false teeth, iron lungs, and eyeglasses); however, it is possible to broaden the concept to include mechanical enhancements of perfectly healthy organs: wheels enhancing the mobility of legs and feet, bows and arrows effectively extending the reach of arms and hands, and so on. William Catton calls Homo sapiens "the prosthetic animal" and notes wryly that "when an air​line pilot with thirty-three years of flying experience refers to the familiar act of buckling his cockpit seatbelt as 'strapping a DC-8 to my waist,' it is clear that even a modern jetliner can be seen as an elaborate prosthetic device."14 Catton also notes that the "evolutionary and ecological significance of such prosthetic devices has been to facilitate the spread of mankind over a more extensive range than we could have occupied with only the equipment of our own bodies."15 

Because tools are extensions of ourselves, they change us. The human-tool complex is effectively a different organism from a toolless human. We uncon​sciously tend to adapt ourselves to our tools in a myriad of ways - witness how industrial societies have adapted themselves to the automobile. Tool use also alters the mentality of entire societies. For example, the use of the technol​ogy of money tends to move whole cultures in the direction of an increased emphasis on calculation and quantification, powerfully intensifying any existing utilitarian attitudes toward natural resources and other humans by facilitating the accumulation of wealth. Similarly, as Marshall McLuhan and others have documented, the technology of writing reduces people's reliance upon memory while intensifying their use of abstract reasoning16 More recently, computers have sped up our lives while seeding our language with new metaphors: we now "process" experiences the way our computers process information; we get together with friends to "download" gossip; we complain that talkative indi​viduals take up too much "bandwidth"; we go on vacations so that we can have "down time." Gone are the days of barnyard metaphors (chickens com​ing home to roost, foxes guarding the henhouse, grown children leaving the 
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nest). As metaphors based on experiences of the natural world disappear from language and are replaced by mechanical or electronic referents, human con​sciousness may be subtly disengaging itself from its biological roots. 

One way to better understand the evolution of technology through the mil​lennia is to examine the relationship between tools and energy. All tools require energy for their use or manufacture - but that energy may come from human muscle power or some source external to the human body, such as ani​mal muscle, wood fire, coal fire, or hydro-generated electricity. Some tools harness externally produced energy, making it available to other tools that then do work for us. Using energy source as a criterion, we can identify four basic categories of tools. These categories also correspond very roughly to four major watersheds in social evolution: 

A. Tools that require only human energy for their manufacture and use. 

Examples include stone spearheads and arrowheads, grinding tools, baskets, and animal-skin clothing. These sorts of tools are found in all hunter-gatherer societies. 

B. Tools that require an external power source for their manufacture, but human power for their use. Examples: all basic metal tools, such as knives, metal armor, and coins. These tools were the basis of the early agricultural civilizations centered in Mesopotamia, China, Egypt, and Rome. 

C. Tools that require only human energy for their manufacture, but har​ness an external energy source. Examples: the wooden plow drawn by draft animals, the sailboat, the firedrill, the windmill, the water mill. The fire drill was used by hunter-gatherers, and the wooden plow and sailboat were developed in early agricultural societies; the wind​mill and water mill appeared at later stages of social evolution. 

D. Tools that require an external energy source for their manufacture and also harness or use an external energy source. Examples: the steel plow, the gun, the steam engine, the internal combustion engine, the jet engine, the nuclear reactor, the hydroelectric turbine, the photovoltaic panel, the wind turbine, and all electrical devices. These tools and tool systems are the foundation of modern indus​trial societies -in fact, they defme them. 

This scheme of classification emphasizes the cumulative nature of techno​logical and social development. Some Class A tools still persist in horticultural, 
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agricultural, and even industrial societies (flint blades, for example, are, because of their extreme sharpness, occasionally used today by brain and eye surgeons for the most delicate operations), but Class D tools by and large did not exist in hunter-gatherer societies. However, the categories do overlap somewhat, and there are exceptions and anomalies: hunter-gatherers used fire to make some tools (for example, by cooking glues), thus turning them into Class C tools; the use of the metal plow (Class D) predated industrialism by three mil​lennia; and a simple steam engine (Class D) was invented by the ancient Greeks, though they did not put it to practical use. Still, even if we allow for these inconsistencies, the scheme shows a clear trend: over time, tools and the societies that use them have increasingly captured energy from sources exter​nal to the human body and used that captured energy to fashion even more sophisticated energy-capturing and energy-reliant tools and tool systems. 

Specialization 

This third strategy is closely related to the second. Since a human-tool com​plex is effectively a different organism from a toolless human, humans using different tool complexes can become, in effect, different species from one another. As a society becomes composed of people working in different occupations, using different sets of tools, it becomes more complex; it develops its own technological-economic "ecosystem" that exists within, yet apart from, the larger biotic ecosystem. 

We noted earlier that humans first applied the takeover strategy to other species and then to other humans; something similar happened with the tool​using strategy. At first, humans made tools out of stones and sticks, but eventually their increasingly utilitarian frame of mind led them to begin treat​ing other human beings as tools. 'This scheme at first took the form of slavery. Some humans could capture the energy of others who had been seized in war, putting them to work at tasks too dangerous, dreary, or physically taxing for any free person to undertake voluntarily - tasks such as mining metal ores from beneath the Earth's surface. Those ores were, in turn, the raw materials from which were fashioned the chains and weapons that kept the slaves them​selves in bondage. Eventually, metals also came to be used as money, a tool that would become the basis for a more subtle form of energy capture: wage labor. Through the payment of money, humans could be persuaded to give their energies to tasks organized by - and primarily benefiting - others. Some humans would become members of a permanent soldier class, which,
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through its conquests, could capture human slave-energy; others would become part of a peasant class, capturing solar energy through the growing of plants and animals for food for others. Compared to the raw energy of fire, human energy is of extremely high quality because it is intelligently directed. Only with the computer revolution of the late 20th century could inventors envision automatons capable of capturing and using energy in comparably sophisticated ways. 

Just as the use of tools has affected our collective psychology, so has special​ization. With a lifelong division of labor, many members of society became cut off from basic subsistence activities and processes; rather than enjoying a direct relationship with the natural world, they became, for their material existence, dependent upon the society's economic distribution system. This subtly fos​tered attitudes of conformity and subordination while undermining feelings of personal confidence and competence. 

Scope Enlargement 

To understand the nature of this fourth strategy for enlarging the human car​rying capacity of environments, we must return to Liebig's Law, which states that for any given organism the carrying capacity of a region is limited by whatever indispensable substance or circumstance is in shortest supply. 

Tools provided ways of getting around many limiting factors. For example, clothing permitted humans to live in climates that were otherwise too cold, whereas irrigation enabled humans to produce an abundance of food in regions that would otherwise have supported far fewer inhabitants. However, some limiting factors could be mitigated simply by transporting resources from one region to another. This sharing of resources among geographically circum​scribed regions typically took the form of trade. 

If one region had plenty of minerals but poor soil and another had good soil but no minerals, trade allowed both regions to prosper so that the total pop​ulation of the two regions working together could far exceed what would be possible if they remained in isolation. William Catton calls this strategy scope enlargement and argues that 

a good many of the events of human history can be seen as efforts to implement [this principle] .... Progress in transport technology, together with advancements in the organization of commerce, often achieved only after conquest or political consolidation, have had the effect of enlarging the world's human carrying capacity by enabling 
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more and more local populations (or their lifestyles) to be limited not by local scarcity, but by abundance at a distance.17 
Local or regional catastrophes - famines, earthquakes, floods, droughts, plagues, ete. - have always been part of the human experience. With scope enlargement, their effects can be somewhat offset, as when aid is trucked or flown into a region experiencing famine. However, local populations then tend to become increasingly dependent on the system of trade and transport that connects them. If that system were itself ever to be threatened, many or all of the regions it encompasses would suddenly be put at risk. 

In the past few decades, the strategy of scope enlargement has reached its logical culmination in a world system of trade and transport known as globaliza​tion. We who today live in industrialized countries are the ultimate heirs of the millennia-long process of scope enlargement. We have become globalized humans, daily eating foods grown hundreds or thousands of miles away, filling our cars with gasoline that may have originated in oil wells on the other side of the planet. 

Drawdown 

The fifth and final strategy that humans have used to increase their environment's carrying capacity is to find and draw down nature's stocks of nonrenewable energy resources: coal, oil, natural gas, and uranium. This strategy can only be pursued once societies are near the point of being able to invent, and produce in quantity, sophisticated Class D tools. 

Drawdown dramatically improved the rates of return from the previous four strategies. It permitted 

· the intensification of agriculture, with chemical fertilizers, pesticides, and herbicides increasing yields per acre, and with acreages devoted to the growing of food for humans increasing as a result of draft animals being replaced by tractors; 

· the invention and utilization of a vast array of new tools that use ener​gy more intensively; 

· the development of more social roles and occupations based on special​ized tool usage; and 

· the rapid acceleration of transportation and trade. 

Drawdown has been by far the most successful of the five strategies at increasing the human carrying capacity of the planet, and the degree of that success can be gauged in a single statistic, namely that of the world population growth since 
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the beginning of the industrial revolution. The human population did not reach one billion until about 1820; in the less than two centuries since then, it has increased nearly six-fold. This is a rate of growth unprecedented in human history. 

The exploitation of energy-bearing minerals created so much new carrying capacity, and so quickly, that much of that new capacity could be translated into increased wealth and a higher standard of living for a small but significant portion of the world's population. Previously, a parasitic increase of the stan​dard of living for a wealthy few (kings, nobles, and lords) nearly always entailed a lessening of the standard of living of far more numerous serfs and peasants. Now, with power being liberated from fossil fuels, so much energy was avail​able that the standard of living could be improved for large numbers of people, at least to a certain extent. Even though the majority of the world's popula​tion shared but little in this bonanza and continued to be exploited for cheap labor via takeover and specialization, virtually everyone shared in the expecta​tion that the benefits of fuel-fed industrialism could eventually be spread to all. This expectation led in turn to a partial relaxation of the class-based social ten​sions that had plagued complex societies since their beginnings. 

Americans, more than the people of any other region, have learned to take high-energy living standards for granted. In order to gain some perspective on this accustomed standard, it might be helpful to perform a little experiment. Try running up three flights of stairs in twenty seconds. If you weigh 150 pounds and the three flights go up forty feet, you will have done 6,000 foot​pounds of work in twenty seconds, or 300 foot-pounds per second. One horsepower equals 550 foot-pounds per second; therefore, you will have just generated a little over half a horsepower. But no one could sustain such a burst of muscle-energy all day long. The average sustained human power output is roughly one-twentieth of a horsepower. 

This exercise is useful (even if performed only in imagination) in compar​ing human power with the power of the machines that maintain our modern way of life. Suppose human beings were powering a generator connected to one 150-watt light bulb. It would take five people's continuous work to keep the light burning. A 100-horsepower automobile cruising down the highway does the work of 2,000 people. If we were to add together the power of all of the fuel-fed machines that we rely on to light and heat our homes, transport us, and otherwise keep us in the style to which we have become accustomed, and then compare that total with the amount of power that can be generated by the human body, we would find that each American has the equivalent of 
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over 150 "energy slaves" working for us 24 hours each day. In energy terms, each middle-class American is living a lifestyle so lavish as to make nearly any sultan or potentate in history swoon with envy.18 

But if the payoffs of the drawdown strategy are spectacular, so are its dan​gers and liabilities. The latter can be grouped into three broad categories: 
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Figure 1. World oil production from 1600 to 2200, history and projection, in millions of barrels per year (Source: C. J. Campbell) 
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Figure 2. World population from 1600 to 2200, history and projection, assuming impacts from oil depletion, in millions (Source: C. J. Campbell) 

32   THE PARTY'S OVER 

environmental degradation, climate change, and increasing human dependency on a "phantom" carrying capacity. 

Pollution was the first drawback of fossil fuel use to make itself apparent. Of course, pollution was hardly unknown before fossil fuels - it was apparent in the smoke of wood fires blackening winter skies over medieval cities, the horse manure clogging streets in 19th-century London and New York, and the tail​ings from mines ruining surrounding land and water throughout most of the civilized world since the dawn of civilization itself. But with the advent of the petrochemical industry, the toxic load on the environment has increased dramat​ically and quickly. Over the course of a few decades, chemical engineers synthesized tens of thousands of new, complex organic compounds for a wide variety of purposes. Few of these chemicals were safety-tested; of those that were, many turned out to have toxic effects on humans or other organisms. The undesirable consequences of the spread of these chemicals into the environment were some​times dramatic, with rates of respiratory ailments and cancers soaring, and at other times more subtle, with estrogen-mimicking chemicals disrupting repro​ductive processes in fish, birds, amphibians, and mammals, including humans.19 

The second danger of the drawdown method, which has more recently begun to make itself known, is climate change resulting from the global accu​mulation of greenhouse gases. The world's oil and coal fields represent vast stores of carbon that have been sequestered under the Earth's surface for hun​dreds of millions of years. With the advent of the industrial revolution, as these stores of carbon began to be mined and burned at an increasing rate, that car​bon was released into the atmosphere as carbon dioxide (CO2). There is strong evidence to suggest that elevated levels of carbon dioxide trap heat in the global atmosphere, creating a greenhouse effect that gradually warms the planet. Climate records derived from Greenland ice cores indicate a very close correlation between atmospheric carbon dioxide concentrations and global temperatures. Around the beginning of the 20th century, both CO2 concentra​tions and global temperature began perceptibly to rise. For the previous 10,000 years, the amount of carbon in our atmosphere had remained constant at 280 parts per million. By 1998, that amount had increased to 360 ppm and was projected to increase to 560 ppm by the middle of the current century. Climate scientists have projected a consequent increase in the average global temperature of 3 to 7 degrees Fahrenheit (2 to 5 degrees Celsius). 

Thus we have, unintentionally, begun to disturb massive planetary systems that have kept much of the world's climate relatively hospitable to civilization 
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for the last 10,000 years. We are heating the deep oceans, which leads to more frequent and intense El Niño weather patterns. The timing of the seasons is noticeably altered and most of Earth's glaciers are retreating at accelerating rates. The potential effects are catastrophic. They include the drowning of coastal cities and whole island nations as a result of rising sea levels and inten​sified storms; the proliferation of disease-spreading insects. into new regions, resulting in cases of malaria perhaps doubling in tropical regions and increas​ing 100-fold elsewhere; and the loss of forests and wildlife that depend upon a stable climate, leading to vastly increased extinction rates and the collapse of whole ecosystems.20 The Earth's climate is so finely balanced that global warm​ing could result in a rapid flip in weather regimes. For example, cold, fresh water from the melting of the arctic ice pack could halt the Gulf Stream, plunging Europe and North America into a new Ice Age. 

The third danger of the drawdown strategy is one that is discussed less fre​quently than either pollution or global warming, though its ultimate implications for humankind may be even more dire. This is our increasing dependency on energy resources that are depleting within historically narrow time frames. There are now somewhere between two and five billion humans alive who probably would not exist but for fossil fuels. Thus if the availability of these fuels were to decline significantly without our having found effective replacements to maintain all their life-sustaining benefits, then the global human carrying capacity would plummet - perhaps even below its pre-industrial levels. When the flow of fuels begins to diminish, everyone might actually be worse off than they would have been had those fuels never been discovered because our pre-industrial survival skills will have been lost and there will be an intense competition for food and water among members of the now-unsupportable population (Chapter 5 provides a closer look at the likely consequences of the anticipated petroleum depletion. ). 

Complexity and Collapse: Societies in Energy Deficit 

The five strategies humans have adopted for capturing increasing amounts of energy (takeover, tool use, specialization, scope enlargement, and drawdown) have permitted societies to grow in size, scope, and complexity. However, it is important to note that the ramp of history, rising upward from the simplest Paleolithic hunter-gatherer bands to the heights of globalized industrial civi​lization, has not been a smooth one. Many civilizations have expanded their scope and complexity dramatically, only to dissolve back into simpler forms of social organization. 
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Archaeologists have understandably given much attention to the study of collapsed complex societies since the ruins left by the ancient Egyptians, Romans, Mayas, Greeks, Minoans, Mesopotamians, Harappans, and Chacoans provide a wealth of material for investigation. Why would a group of people intelligent enough to have built impressive temples, roads, and cities suddenly lose the ability to maintain them? Why would a society capable of organizing itself into a far-flung empire, with communications networks and distribution systems, suddenly lose its ability to continue? Such questions - as much as the ruins left behind - contribute to a widespread and perennial fascination with lost civilizations. 

The literature on the subject is voluminous and includes speculation on the causes of collapse ranging from class conflict to mismanagement. Undoubtedly, the best modern research on this subject was done by archaeologist Joseph Tainter, whose book The Collapse of Complex Societies (1988) is now widely recognized as the standard work on the topic. In his book and related essays, Tainter takes an ecological view of society as an energy-processing structure and concludes that complex societies tend to collapse because their strategies for energy capture are subject to the law of diminishing returns. 

Tainter describes complexity as a problem-solving strategy used by civiliza​tions and empires. "For the past 12,000 years," he writes, these societies "have seemed almost inexorably to grow more complex. For the most part this has been successful: complexity confers advantages, and one of the reasons for our success as a species has been our ability to increase rapidly the complexity of our behavior. "21 

When Tainter uses the term "complexity," he is referring to "such. things as the size of a society, the number and distinctiveness of its parts, the variety of specialized roles that it incorporates, the number of distinct social personalities present, and the variety of mechanisms for organizing these into a coherent, functioning whole."22 Hunter-gatherer societies, for example, may have no more than a few dozen distinct social personalities whereas a modern census recognizes many thousands of occupational roles. More complex societies, Tainter notes, 

are more costly to maintain than simpler ones, requiring greater support levels per capita. As societies increase in complexity, more networks are created among individuals. more hierarchical controls are created to regulate these networks, more information is processed, 
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there is more centralization of information flow, there is increasing need to support specialists not directly involved in resource produc​tion, and the like. All of this complexity is dependent upon energy flow at a scale vastly greater than that characterizing small groups of self-sufficient foragers or agriculturalists. The result is that as a soci​ety evolves toward greater complexity, the support costs levied on each individual will also rise, so that the population as a whole must allocate increasing portions of its energy budget to maintaining organizational institutions. This is an immutable fact of societal evo​lution, and is not mitigated by type of energy source.23 

Tainter offers the following diagram (Fig.3) as a schematic representation of the trajectory of a typical complex society. At first, incremental investments in social complexity, new technologies, and expanding scope yield impressive returns. Agricultural production increases, and wealth captured from conquest flows freely as the society's increasingly formidable army invades surrounding states. But gradually the rates of return tend to diminish, even as requirements for further investments in institutional support (including investments in legit​imization and coercion) are still increasing. This eventually makes the strategy of complexity itself less palatable to the population. According to Tainter, 

a society that has reached this point cannot simply rest on its accom​plishments, that is, attempt to maintain its marginal return at the status quo, without further deterioration. Complexity is a problem​solving strategy. The problems with which the universe can confront 

any society are, for practical purposes, infinite in number and end- 

less in variety. As stresses necessarily arise, new organizational and economic solutions must be developed, typically at increasing cost 

and declining marginal return. The marginal return on investment 

in complexity accordingly deteriorates, at first gradually, then with accelerating force. At this point, a complex society reaches the phase where it becomes increasingly vulnerable to collapse.24 

From the perspective of the average citizen, the burden of taxes and other costs is increasing while at the local level there are fewer benefits. The idea of being independent thus becomes more and more attractive. Collapse, then, may simply entail the decomposition of society, as individuals or groups decide to pursue their own immediate needs rather than the long-term goals of the leadership. In other situations, collapse may entail the takeover of a society that 
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is stressed because of declining marginal returns by another society that is still enjoying higher rates of return on its investments in strategic leveraging. 

Tainter discusses this theory in relation to the well-documented collapse of 

17 different civilizations. Regarding the Roman Empire, he writes: 

The establishment of the Roman Empire produced an extraordinary return on investment, as the accumulated surpluses of the Mediterranean and adjacent lands were appropriated by the conquerors. Yet as the booty of new conquests ceased, Rome had to undertake administra​tive and garrisoning costs that lasted centuries. As the marginal return on investment in empire declined, major stress surges appeared that could scarcely be contained with yearly Imperial budgets. The Roman Empire made itself attractive to barbarian incursions merely by the fact of its existence. Dealing with stress surges required taxation and economic malfeasance so heavy that the productive capacity of the support population deteriorated. Weakening of the support base gave rise to further barbarian successes, so that very high investment in complexity yielded few benefits superior to collapse. In the later Empire the marginal return on investment in complexity was so low that the barbarian kingdoms began to seem preferable.25 
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Figure 3: Benefits to a society from investments in complexity over time. Prior to point C1/B1, benefits are abundant; between points B1/C1 and B2/C2, returns on investments in complexity gradually diminish. After a society passes point B2/C2, its returns on investment become negative and it becomes vulnerable to collapse. 

(Source: Joseph Tainter, "Complexity, Problem Solving, and Sustainable Societies") 




ENERGY, NATURE AND SOCIETY   37 

This process of collapse is somewhat analogous to the phenomenon of pop​ulation overshoot and die-off within a colonized ecosystem; indeed, the population of the city of Rome declined from over a million inhabitants in 100 AD to about 40,000 in 1100 AD. 

Tainter's discussion of the Western Chou Empire, the Harappan Civilization, Mesopotamia, the Egyptian Old Kingdom, the Hittite Empire, the Classic Mayan civilization, and others shows a similarly tight fit between theory and historical data.
Western civilization from the Middle Ages to the present illustrates the theory in a somewhat different way. Rather than growing and declining in a simple curve, Western civilization has recovered and undergone at least two even greater growth surges due to its ability to find and exploit new energy subsi​dies at critical moments. The takeover of the Americas, Africa, India, and the Pacific Islands offered subsidies ranging from slave labor to new sources of metal ores and timber. The expansion of the Euro-American cultural and polit​ical influence that these new resources enabled, while impressive, probably could not have been sustained through the 20th century in the face of rising costs (e.g., for the maintenance of colonial administrations) and declining returns, had it not been for the discovery of fossil fuels, the greatest energy subsidy ever known. This discovery, as we have already seen, enabled the trans​formation of civilization itself into a form never before seen: industrialism. 

The returns on early investments in drawdown and industrial production were staggering. Costs were extraordinary as well, but they could easily be borne. As Tainter puts it, 

with subsidies of inexpensive fossil fuels, for a long time many con​sequences of industrialism effectively did not matter. Industrial societies could afford them. When energy costs are met easily and painlessly, the benefit/cost ratio of social investments can be sub​stantially ignored (as it has been in contemporary industrial agriculture). Fossil fuels made industrialism, and all that flowed from it (such as science, transportation, medicine, employment, con​sumerism, high-technology war, and contemporary political organization) a system of problem solving that was sustainable for several generations.26 

This does not mean, however, that industrial civilization is immune to the law of diminishing returns. Tainter cites statistics indicating that already there 
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have been steep reductions in returns on increasing US investments in educa​tion, military hardware, information processing, and scientific research. As we will see in more detail in Chapter 3, the drawdown of fossil fuels is itself sub​ject to the law of diminishing returns. Early investments in drilling for oil yielded fabulous returns. But most of the largest and most productive oil fields were discovered within a century of the drilling of the first commercial well: rates of discovery peaked in the 1960s. And so, over time, the amount of energy that must be expended to find and extract each barrel of oil, or to mine each ton of coal, increases. 

Tainter ends his book by drawing the following sobering conclusion: 

"However much we like to think of ourselves as something special in world history, in fact industrial societies are subject to the same principles that caused earlier societies to collapse."27 

Applied Socio-Ecohistory: 

Explaining the American Success Story 

So far in this chapter we have explored some of the basic energy principles at work in natural systems and human societies. In order to better illustrate these principles (and especially those discussed in the last two sections), let us use what we have learned to address a specific question that could add importantly to our understanding of global energy resource usage over the past two cen​turies: Why is the United States of America currently the wealthiest and most powerful nation in the history of the world? 

Often this question is addressed through a discussion of ideas, personali​ties, and unique historical occurrences. We have all learned the names of early explorers, inventors, and politicians; we have been taught the impor​tance of the American system of government, with its guarantees of freedoms and rights; and we have memorized the dates of important wars and other political events in US history. These are all of course essential to any explanation of US ascendancy. However, let us take an approach that focuses on energy and explore the extent to which America owes its promi​nent position in the world to energy resources and its people's ability to exploit them. 

Such a discussion must begin with geology and geography. The North American continent, which Europeans began to explore and claim in the early 16th century, was a place of extraordinary biotic and mineral abundance. Early Spanish conquistadors found vast forests, animals for food and fur, fertile farmland, 
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fresh water, iron, copper, silver, and gold - all in far greater quantities than existed in Europe. Eventually, the colonists' descendants also found an abun​dance of coal and petroleum. These energy resources proved to be especially valuable because they enabled the more intensive extraction and use of all other resources. 

When Europeans first arrived in the New World, there were already other humans present. Why hadn't Native Americans taken more advantage of all these resources? Why was it not they who became world conquerors, sailing to Europe to claim it as a possession of the Iroquois, the Seminole, or the Lakota? 

As Jared Diamond explains in his Pulitzer Prize-winning book Guns, Germs, and Steel: The Fates of Human Societies, Eurasia had been blessed with indige​nous domesticable cereal grains and traction animals nonexistent in the Americas.28 These permitted - perhaps even encouraged - the development of large-scale agriculture and stratified societies. The Europeans thus had a head start in applying the leveraging strategies discussed above. Their successes in expanding the carrying capacity of their environment meant that Europe, by the 16th century, was comparatively crowded and resource-depleted. Europeans were therefore highly motivated to expand their application of the takeover and scope-enlargement strategies by conquering and exploiting new lands. Most Europeans who came to America were not so much searching for free​dom as escaping population pressure and resource depletion. 

Still, things might have turned out differently: in the early 15th century, squadrons of large Chinese junks made several amazing voyages that carried them as far as Hormuz; had these expeditions continued, the Chinese might have become the first to circumnavigate Africa and sail the Atlantic and the Pacific. However, political troubles back home in China called a halt to the entire pro​ject; thus newly claimed territories in America acquired names like New Spain and New England, rather than New Beijing or New Canton. 

As it turned out, the Europeans who arrived in North America regarded the land as essentially empty and saw the native peoples - who were making far fewer demands on resources than the Europeans themselves were accustomed to making - as unproductive savages. Europeans at first sought to enslave the natives, thus taking over the human muscle-energy of the continent in addi​tion to its other resources. But many of the natives - millions, in fact; in some regions over 90 percent of the population - quickly succumbed to colonists' diseases, such as smallpox, measles, and influenza. These diseases were caused by microorganisms that had become integrated into the internal bodily ecosys- 
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tems of Europeans through centuries of contact with domesticated animals; for the natives of the Americas, however, these microorganisms were exotic inva​sive species whose impact was utterly devastating.29 In any case, the natives made poor slaves because most were accustomed to living in a more easy-going and egalitarian - namely less specialized and complex - social environment than were the Europeans, and often preferred death to lifelong servitude. 

Nevertheless, it was clear that great wealth could be extracted from the con​tinent if only there were sufficient energy available to farm the land and mine the ores. Quickly, Europeans seized upon the strategy of importing Africans as slaves. With the latter's intelligently directed muscle-power as motive force, the machinery of extraction went to work and produced great fortunes for thousands of colonists and their families - those, that is, who could afford to buy into this wealth-producing system. Because the Africans were typically kid​napped from kingdoms - complex societies - and then ripped from their cultural matrix (not only by transplanting them geographically but by prevent​ing them from speaking their own languages and engaging in their own customs), they were somewhat more easily enslaved than were most Native Americans. 

This discussion of "where" and "who" helps account for America's meteoric rise from colonial backwater to global superpower in a mere two centuries, but it is still not sufficient. We must also take into account the "when" of the US appearance on the world scene. Europeans had in fact arrived in North America several centuries before Columbus: the Norse and possibly the Irish made the voyage repeatedly between approximately 1000 and 1350 AD. However, all that ultimately resulted was the leaving behind of a few enigmatic stone inscriptions for future historians to puzzle over. As every musician knows, tim​ing is of the essence. Jared Diamond notes that the 

second Eurasian attempt to colonize the Americas [in the 15th cen​tury] succeeded because it involved a source, target, latitude, and time that allowed Europe's potential advantages to be exerted. Spain, unlike Norway, was rich and populous enough to support exploration and subsidize colonies. Spanish landfalls in the Americas were at subtropical latitudes highly suitable for food production, based at first mostly on Native American crops but also on Eurasian domestic animals, especially cattle and horses. Spain's transatlantic colonial enterprise began in 1492, at the end of a century of rapid 
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development of European oceangoing [Class C] ship technology, which by then incorporated advances in navigation, sails, and ship design developed by Old World societies (Islam, India, China, and Indonesia) in the Indian Ocean.30 

Resources are of little benefit without the ability to exploit them. Imagine having several barrels of gasoline but no car or other motorized equipment with which to put that gasoline to use. This was essentially the situation not only of the Native Americans, but also, at first, of the invading Europeans with regard to America's energy minerals. Though the continent was rich in coal and petroleum, few people, if any, yet realized that fact. 

However, the Europeans had spent many centuries making prior invest​ments in tool making, and so the breakthrough to the production of Class D tools was for them merely the next step in a long evolution of strategic lever​aging. As we have already noted, the entire process of industrialization was based on using fossil fuels (initially coal, later petroleum) to mechanize pro​duction and transport. Soon after the Industrial Revolution began in England, it became clear that North America in fact had a much greater natural abun​dance of energy minerals than did Europe. If the US had remained a colony, its energy resources would likely have been siphoned off to promote the pro​duction of still more wealth in the Old World. However, the American Revolutionary War had dissolved the former Crown Corporations of Virginia, Delaware, Massachusetts, etc., so that the people of the new nation of the United States of America were free to shape their own economic destiny by exploiting the continent's resources for their own benefit. Thus within a few decades the situation changed from being one in which Europe was taking resources from North America to one in which North America was taking industrial technology from Europe and putting it to more effective use due to its richer resource base. The US did not start the Industrial Revolution, but was poised to capitalize on it. 

The history of the 19th century in America is a tale of snowballing inven​tion, exploration, and extraction, each feeding the others. Political events were largely shaped by resource disputes. For example, the realization (by the indus​trial northern states) that America's future wealth lay far more in the extraction and use of concentrated fuels than in the continued reliance (by the agrarian southern states) on kidnapped African muscle-power may have played a role in the freeing of the slaves.
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Overall, the US made the most of its energy-resource advantage. At first, wood fueled the mills and factories of the Northeast; soon it also fueled the railroads that brought raw materials to the factories and manufactured goods to the frontier. In the latter decades of the 19th century, coal took the place of dwindling wood supplies; and then in the 20th, oil - flowing initially from Pennsylvania and Ohio, then from southern California, then Texas and Oklahoma, and finally the Gulf of Mexico and Alaska - in turn fueled the automobile industry, modern agriculture, and the modern chemical industry. While European nations had to colonize far-off places like Indonesia in order to fill their increasing appetite for energy resources, the US could extract all it needed from within its borders. Its energy-resource base was so great that, until 1943, it remained a net petroleum exporter. 

In the 20th century, while the old colonial powers (such as England, Spain, and Portugal) were reaping diminishing returns from their investments in con​quest and while other aspiring colonial powers (Germany, Japan, and Italy) were thwarted in gaining access to energy resources in other lands, the US found itself in the rare and enviable position of having both abundant indige​nous resources and the expertise, technology, and freedom to exploit them for its own benefit. It invested the wealth from these resources both in further technological development and in the production of by far the most powerful and sophisticated weapons systems the world has ever seen. Thus by the end of the Second World War the US was, from both an economic and a military point of view, the most powerful nation in the history of the world. 

This is not to say that the promise of political and religious freedom had played no role in drawing millions of skilled and highly motivated immigrants from Europe - though many were simply driven out by overcrowding at home. Nor can one deny the role of extraordinary personalities: inventors, politicians, military leaders, and explorers whose names and accomplishments fill history books. However, it is also indisputable that without its wealth of minerals and energy resources, the US could never have achieved its current position of global dominance. 

But American resources, however vast, were nevertheless limited. Throughout the 20th century, geologists combed the North American conti​nent for oil, coal, and natural gas reserves. The US quickly became the most explored region of the planet. Americans were encouraged through advertis​ing to buy private automobiles in order to take advantage of these energy resources, and they did so at a rate unparalleled in the industrialized world. By 
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mid-century, however, older oil wells were running dry and newer wells were proving to be less productive. The rate of discovery of new petroleum resources in the continental US peaked in the 1930s; the rate of extraction of those resources peaked in 1970. But the energy-based "American Way of Life" had to be maintained in order to avoid political and economic disaster; there​fore, further energy resources had to come from elsewhere. 

Understandably, industrial and political leaders adopted a time-tested strat​egy - scope enlargement, or trade and transport - in order to make up the .difference. The US began to buy oil at first, and soon natural gas, from other nations. Its balance of trade - historically positive - soon became over​whelmingly negative. Formerly the world's foremost lender and investor, the US soon became the world's foremost debtor nation. Meanwhile it continued to develop its already awesome military capability with which to enforce its pri​orities on the rest of the world, more blatantly so following the demise of its only competitor for global hegemony: the Soviet Union, itself geologically blessed with energy resources but handicapped by early barriers in exploiting those resources and by an economic-social system that discouraged individual initiative. 

Soon after US petroleum production had peaked, official policy began emphasizing "free trade" as a global panacea for unemployment, underdevelop​ment, despotism, and virtually every other economic or political ill. Through its manipulation of the rules of global trade, the US sought to maintain and increase its access to natural resources worldwide. Those rules - written pri​marily by US-based corporations and encoded in policies of the International Monetary Fund (IMF), the World Bank, and the World Trade Organization (WTO) as well as in treaties like the North American Free Trade Agreement (NAFTA) - essentially said that wherever resources lie, they must be available for sale to the highest bidder. In other words, whoever has the money to buy those resources has a legally defensible right to them. According to those rules, the oil of Venezuela belongs to the US every bit as much as if it lay under the soil of Texas or Missouri. Meanwhile technology, or "intellectual property," was regarded as proprietary; thus nations with prior investments in this strat​egy were at an advantage while "underdeveloped" nations were systematically discouraged from adopting it. 

In the early 21" century, growing opposition to globalization - peaceful and otherwise - began to emerge in mass public demonstrations as well as in terrorist attacks. Most Americans, however, informed only by commercial
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media outlets owned by corporations with energy-resource interests, remained utterly in the dark as to what globalization was really about and why anyone would object to it. 

~ 

In this first chapter, we have focused on energy principles in physics, chemistry, ecology, and sociology. We have noted how important energy is for the func​tioning of ecosystems and societies, and have traced its role in the history of the US rise to global dominance. 

As we have just seen, America became the preeminent world power in the 20th century not just because of its professed ideals of freedom and democracy, its ingenuity, and the hard work of its people, but more importantly because of its immense wealth of natural energy resources and its ability to exploit them. For the past three decades, the depletion of those resources has been propelling US economic, political, and military policy in a certain definable direction, which we will explore further in Chapter 5 .. 

In order to better understand these developments and their likely conse​quences, we need to examine more thoroughly the recent history of energy resources and their impact on societies around the globe. It is to this subject that we turn next. 
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Party Time: The Historic Interval of Cheap, Abundant Energy 

In 1859 the human race discovered a huge treasure chest in its base​ment. This was oil and gas, a fantastically cheap and easily available source of energy. We did, or at least some of us did, what anybody does who discovers a treasure in the basement - live it up, and we have been spending this treasure with great enjoyment. 

- Kenneth E. Boulding (1978)
Oil has literally made foreign and security policy for decades. Just since the turn of this century, it has provoked the division of the Middle East after World War I; aroused Germany and Japan to extend their tenta​cles beyond their borders; the Arab Oil Embargo; Iran versus Iraq; the Gulf War. This is all clear. 

- Bill Richardson, Secretary of Energy (1999)
Whether we are talking of an individual citizen or a whole commu​nity, "cataclysmic wealth" can have disastrous consequences .... Its use rises sharply to create new habits and expectations. These habits are accom​panied by an irrational lack of care about usefulness or waste. The process develops habits in individual people, and institutions in whole societies, which accustom them to operating on the basis of excess and wasteful​ness; and, although different episodes have different endings, one prospect sees the affected groups, long after the cloudburst of wealth has passed, trying every kind of expedient - borrowing, sponging, specu​lating - to try to ensure that the private habits or public institutions of excess and waste are maintained. The result is at best a measure of social disintegration; at worst, collapse. 

- Barbara Ward (1977)

Forests to precede civilizations, deserts to follow
- François Rene Chateaubriand (ca. 1840) 

