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Prologue

I WAS STANDING on a sand dune in Saudi Arabia's "Empty Quarter," the vast, rust-red desert where one-quarter of the world's oil is found, when I lost my faith in the modern energy economy. It was after sundown and the sky was dark blue and the sand still warm to the touch. My Saudi hosts had just finished showing me around the colossal oil city they'd built atop an oil field called Shayba. Engineers and technicians, they were rattling off production statistics with all the bravado of proud parents, telling me how many hundreds of thousands of barrels Shayba produced every day, and how light and sweet and sought-after the oil was. Saudi oilmen are usually a taciturn bunch, guarding their data like state secrets. But this was post 9/11 and Riyadh, in full glasnost mode, was wooing Western journalists and trying to restore the Saudis' image as dependable long-term suppliers of energy—not suicidal fanatics or terrorist financiers. And it was working. I'd arrived in the kingdom filled with doubts about a global energy order based on a finite and problematic substance—oil. As we'd toured Shayba in a spotless white GMC Yukon, though, my hosts plying me with facts and figures on the world's most powerful oil enterprise, my worries faded. I'd begun to feel giddy and smug, as if I had been allowed to peek into the garden of the energy gods and found it overflowing with bounty. 

Then the illusion slipped. On a whim, I asked my hosts about another, older oil field, some three hundred miles to the northwest, called Ghawar. Ghawar is the largest field ever discovered. Tapped by American engineers in 1953, its deep sandstone reservoirs at one time had held perhaps a seventh of the world's known oil reserves, and its wells produced six million barrels of oil a day—or roughly one of every twelve barrels of crude consumed on earth. In the iconography of oil, Ghawar is the eternal mother, 
the mythical giant that makes most other fields look puny and mortal. My hosts smiled politely, yet looked faintly annoyed—not, it seemed, because I was asking inappropriate questions, but because, probably for the thousandth time, Ghawar had stolen the limelight. Like engineers anywhere, these men took an intense pride in their own work and could not resist a few jabs at a rival operation. Pointing to the sand at our feet, one engineer boasted that Shayba was "self-pressurized"—its subterranean reservoirs were under such great natural pressure that, once they were pierced by the drill, the oil simply flowed out like a black fountain. "At Ghawar," he said, "they have to  inject water into the field to force the oil out." By contrast, he continued, Shayba's oil contained only trace amounts of water. At Ghawar, the engineer said, the "water cut" was 30 percent.

The hairs on the back of my neck stood up. Ghawar's water injections were hardly news, but a 30 percent water cut, if true, was startling. Most new oil fields produce almost pure oil, or oil mixed with natural gas—with little water. Over time, however, as the oil is drawn out, operators must replace it with water, to keep the oil flowing—until eventually what flows from the well is almost pure water and the field is no longer worth operating. Ghawar wouldn't run dry overnight: depletion takes years and even decades; however, daily production would continue to fall steadily, and the Saudis would be forced to tap new fields, like Shayba, to maintain their status as the world's preeminent oil power. While such expansions were never a problem during the heyday of Arab oil wealth in the 1970s and early '80s, times are much tighter today for Saudi Arabia and for most other petrostates. As we drove back toward the airstrip for my flight home, my hosts bombarding me with more facts and figures, I couldn't shake the feeling that the gods of energy might not be as powerful and eternal and confident as I had imagined.

***

To me, Ghawar is the perfect metaphor for what is happening to the larger energy economy, a geologic cautionary tale for a complacent world accustomed to reliable infusions of cheap energy. On the face of it, our energy economy is humming along like a perpetual-motion machine. Today, billions of people enjoy an unprecedented standard of living and nations float in rivers of wealth, in large part because, around the world, the energy industry has built an enormous network of oil wells, supertankers, pipelines, 
coal mines, power plants, transmission lines, cars, trucks, trains, and ships—a gigantic, marvelously intricate system that almost magically converts oil and its hydrocarbon cousins, natural gas and coal, into the heat, power, and mobility that animate modern civilization. For three hundred years, this man-made wonder has performed nearly flawlessly, transforming coal, oil, and natural gas (and in much of the world, a vast volume of wood, peat, and even animal dung) into economic and political power—and nurturing the belief that the surest way to still greater prosperity and stability was simple: find more oil, coal, and natural gas. 

Yet, like Ghawar, our energy economy has hit a kind of peak of its own. Each year, the world demands more and more energy, with no end point in sight. And each year, it is more and more evident that the extraordinary machine we have built to supply that demand cannot sustain itself in its present form. Not a day goes by without some new disclosure, some new bit of headline evidence that our brilliant energy success comes at great cost—air pollution and toxic waste sites, blackouts and price spikes, fraud and corruption, and even war. The industrial-strength confidence that was a by-product of our global energy economy for most of the twentieth century has slowly been replaced by anxiety.

Although, like most consumers, I've been a casual student of this energy anxiety since it began—circa 1974, with the Arab oil embargo—I began exploring the question in earnest during the boom years of the late 1990s. I was writing about America's bizarre and growing infatuation with that modern warhorse, the "sport-utility vehicle," or SUV, and its close cousin, the pickup truck. At first, the story seemed to be mainly about conspicuous consumption and automotive vanity and sheer stupidity, since very few of their owners actually took their hugely expensive SUVs off-road or loaded their pickup trucks with anything heavier than groceries or soccer balls. But the more I looked into it, the more I realized that the real story lay less in the vehicles themselves than in the oceans of oil they were burning.

As is well known by now, SUVs and pickup trucks (known collectively, and somewhat deceptively, as "light trucks") consume a great deal of gasoline: the house-sized Ford Excursion I test-drove gets something like 4.6 miles per gallon in the city, and even the more sensible models rarely do better than 18. The cumulative effect of so much unnecessary internal combustion is staggering: since the SUV craze began in 1990, the twenty-year
old trend in the United States toward improving automotive fuel efficiency not only has halted but is now sliding backward, dramatically increasing U.S. demand for oil. And here is the rub: the United States doesn't have enough of its own oil to meet that surging SUV-driven demand. After a century of full-bore drilling, oil companies are finding precious little new oil in the Lower Forty-eight, and production—the number of barrels pumped per day—is falling steadily each year. What this means is that the United States, despite being the third-largest oil-producing nation in the world, now must import even more oil from the much-maligned "foreign" producers—including many, like Iran and Saudi Arabia, whose populations regard the United States as an enemy. In one of many energy ironies, during the months leading up to the second war with Iraq (charter member of the Axis of Evil, greatest threat to the American way of life since the fall of the Soviet Union, etc.), the United States was getting more than 10 percent of its imported oil from Iraqi fields. 

The United States isn't the only nation with oil issues. Europe has long been import-dependent, as has Japan. China, a rapidly industrializing giant with more than a billion people and plans to build an economy as powerful and energy-intensive as anything in the West, now uses more oil than its own fields can produce and has begun courting the same foreign producers Uncle Sam now spends so much money and time and political capital trying to control. As I charted all this rising demand for oil, I wondered where it was going to come from, and what new contradictions and hypocrisies would result.

I was certainly not the only one asking. In interviews with oil industry officials—men and a few women who are, generally, quite optimistic about their business—I heard repeatedly how oil companies were having a harder and harder time finding new oil. I learned that most of the world's oil reserves are controlled by a small number of countries whose governments are unstable and corrupt and whose dependability as suppliers is increasingly in doubt. I began to wonder whether the glorious golden age of oil might be over. How long would the supplies of oil last? What would happen to our phenomenal wealth and splendid lifestyle if oil production peaked, supplies grew scarce, and prices rose? Did world governments and energy companies have a plan to ensure a smooth, gradual shift to a new fuel or a new energy technology? Or would the end of oil catch us unprepared and send shockwaves through the global economy, touching off a dangerous race for whatever oil supplies remained?


As my research took me to places like Houston, Saudi Arabia, Azerbaijan, and other outposts of the oil empire, the more I realized the story that needed telling wasn't simply about oil, but about all energy. Oil may be the brightest star in the energy firmament, the glamorous, storied shaper of twentieth-century politics and economics, and the owner of 40 percent of the world energy market. Yet oil is only one of a triad of geological siblings known as hydrocarbons that have dominated the global energy economy for centuries and whose histories and destinies are hopelessly intertwined with our own. Twenty-six percent of our energy still comes from coal, a cheap, abundant mineral used to power industrial processes and generate most of the world's electricity. Twenty-four percent comes from natural gas, a versatile energy source that will soon surpass coal as the preferred fuel for heating and power generation—and quite possibly become the "bridge fuel" to some future energy system. And yet, although coal and gas are, in a sense, alternatives to oil, both impose many of the same environmental, political, and financial costs. Coal is fatally dirty. Gas is extremely hard to transport and comes with its own thicket of geopolitical snarls; a global energy economy based on either would be just as problematic as the one we have, if not more so. In other words, when I began to ask about the end of oil, I was really asking about a transformation of the entire hydrocarbon economy and the end, perhaps, of a story that is almost as old as civilization. 

***

For most of the past six thousand years, human history has been characterized by a constant struggle to harness ever-larger quantities of energy in ever more useful ways. From the earliest experiments with animal-drawn plows in what is now Iraq, the march of material progress has been accompanied by—and, one could argue, driven by—increasingly sophisticated mastery of fuels and energy systems. Animal power made agriculture possible. Firewood let us cook our food, heat our homes, brew barley into beer, and smelt metal ores into plowshares and spearheads. The wide-scale use of coal in England set the conditions for the Industrial Revolution. A century later, oil and natural gas, followed by a plethora of "advanced" technologies ranging from nuclear to solar, completed the transformation, dragging the industrializing world into modernity and in the process fundamentally and irrevocably reordering life at every level.

We live today in a world completely dominated by energy. It is the 
bedrock of our wealth, our comfort, and our largely unquestioned faith in the inexorability of progress, implicit in every act and artifact of modern existence. We produce and consume energy not simply to heat and feed ourselves, to move ourselves, or to defend ourselves, but to educate and entertain ourselves, to expand our knowledge, change our destiny, construct and reconstruct our world, and fill it with stuff. Everything we buy, from a hamburger at McDonalds to a duck at a Beijing market, from plastic lawn chairs and opera tickets to computers and garbage service, from medical services and cancer drugs to farm fertilizers and Humvees, represents a measure of energy produced and then consumed. 

Energy has become the currency of political and economic power, the determinant of the hierarchy of nations, a new marker, even, for success and material advancement. Access to energy has thus emerged as the overriding imperative of the twenty-first century. It is a guiding geopolitical principle for all governments, and a largely unchallenged heuristic for a global energy industry whose success is based entirely on its ability to find, produce, and distribute ever-larger volumes of coal, oil, and natural gas, and their most common by-product, electricity.

Yet even a cursory look reveals that, for all its great successes, our energy economy is fatally flawed, in nearly every respect. The oil industry is among the least stable of all business sectors, tremendously vulnerable to destructive price swings and utterly dependent on corrupt, despotic "petrostates" with uncertain futures. Natural gas, though cleaner than oil, is hugely expensive to transport, while coal, though abundant and easy to get at, produces so much pollution that it is killing millions of people every year.

Worse, it is now clear to all but a handful of ideologues and ignoramuses that our steadily increasing reliance on fossil fuels is connected in some way to subtle but significant changes in our climate. Burning hydrocarbons releases not only energy, but carbon dioxide, a compound that, when it reaches the atmosphere, acts like a planet-sized greenhouse window, trapping the sun's heat and pushing up global temperatures. If left unchecked, this so-called greenhouse effect will keep warming the earth until polar icecaps melt, oceans rise, and life as we know it becomes impossible. The only way to slow global warming (for at this late date, the process cannot be stopped) is to cease emitting carbon dioxide—a monumental and expensive task that will require us to reengineer completely the way we produce and consume energy.


Climate change is in fact widely regarded as one of the main factors driving change in the energy economy—but it is not the only one. While climatologists and environmentalists fret about the quality of the energy we produce, most other experts worry far more about the quantity of energy we can make and, more specifically, whether we can produce enough energy of any kind or quality to satisfy the world's present and future needs. By 2035, the world will use more than twice as much energy as it does today. Demand for oil will jump from the current 80 million barrels a day to as much as 140 million barrels. Use of natural gas will climb by over 120 percent, coal use by nearly 60 percent. Demand will be especially acute in "emerging" economies, like those of China and India, whose leaders see voracious energy consumption as the key to industrial success. 

Yet while the future energy demand seems certain, no one is clear where all this energy will come from. Consider oil. Quite aside from questions of how much is left (we'll get to that matter very shortly), there is simply the matter of finding and producing enough oil, and moving it via pipeline and supertanker to the places it needs to go. The sheer scale of the task is mind-boggling: when we say that by 2035 oil demand will be 140 million barrels a day, what we mean is that by then oil companies and oil states will need to discover, produce, refine, and bring to market 140 million new barrels of oil every twenty-four hours, day after day, year after year, without fail. Simply building that much new production capacity (to say nothing of maintaining it or defending it) will mean spending perhaps a trillion dollars in additional capital and will require oil companies to venture into places, like the Arctic, that are extremely expensive to exploit. Repeat the exercise for gas and coal, and you begin to understand why even optimistic energy experts go gray in the face when you ask them what we will use to fill up our tanks thirty years from now.

To make matters more complicated, it is not merely a question of procuring enough, as our growing appetite for electricity shows. Today's boom in technology and information has made electricity the fastest-growing segment of the energy market, and a crucial resource for emerging economies. By 2020, demand for electricity could be 70 percent higher than today. Yet because most electric power is generated in gas- and coal-fired power plants, making all that new power would mean putting an even greater strain on the hydrocarbon energy economy. At the same time, moving all this new electric load will completely overwhelm the existing electrical system—from power plants and transmission lines to the emerging 
and problematic network of energy traders. The great blackout of 2003 and the California power crisis of 2000 (due as much to dishonest energy speculators like Enron as to any shortage of power plants) are only the most colorful examples of what we may expect to see as the need for electricity continues to outpace supply. 

It is in the third world, however, where we see the energy economy breaking down entirely. In Asia today, electrical demand is growing so fast that governments in China and India have essentially declared a state of emergency, sidelining environmental concerns to build hundreds of cheap coal-fired power plants, whose emissions may make it impossible even to slow climate change. And China and India are by no means the worst cases.

Around the world, more than one and a half billion people—roughly one-quarter of the world—lack access to electricity or fossil fuels and thus have virtually no chance to move from a brutally poor, preindustrial existence to the kind of modern, energy-intensive life many of us in the West take for granted. Energy poverty is in fact emerging as the new killer in developing nations, the root cause of a vast number of other problems, and perhaps the deepest divide between the haves and have-nots.

***

My point here is not simply that the modern energy economy should be changed but that we no longer have a choice in the matter: the system is already changing, and not always for the better. Everywhere we look, we can see signs of an exhausted system giving way messily to something new: oil companies quietly reengineering themselves to sell natural gas; governments scrambling to develop, or least understand, the "hydrogen economy"; a desperate search for new oil fields; rising tensions between energy producers and importers; diplomatic skirmishes over climate policy; and the frightening energy race between countries such as Japan and China to secure access to the last "big oil" and gas in Siberia, Kazakhstan, and the Middle East.

Yet if it is obvious that the current energy economy is on its way out, no clear consensus has taken shape on what happens next, what the "next" energy economy will look like. Can existing hydrocarbon technologies be adapted to new realities, or does the world require a radical new energy technology? If so, which technology? Newspapers and magazines and political speeches are filled with descriptions of brave new energy technologies 
—hydrogen fuel cells and wind farms and solar buildings and tidal generation and fantastic processes that turn grass into diesel and manure into gasoline. But are any of these truly viable? How much will they cost? Can they be brought to bear in time? 

More to the point, even if some miracle technology is developed, this in itself is no assurance of an orderly or peaceful transition. Historically, shifts from one energy technology to another have proved wrenching. The leaps from wood to coal and from coal to oil caused economic disruption and political uncertainty (sixteenth-century Englishmen nearly revolted at having to burn sooty coal instead of wood). And these were fairly slow-motion transitions, occurring over several decades. Given that today's energy infrastructure is even more intertwined with global economies and politics and culture, would a fundamental change in our energy technology be even more disruptive? How long would a transition take—a decade, fifty years? And what would a new energy order look like? Will it be better than the one we have, or a hastily arranged, stopgap arrangement? Will we be richer or poorer, more powerful or more hampered, happier with our advanced energy technologies, or bitter over our memories of a bygone golden age? And who will be in control? Are the current world powers—most of whom are the biggest consumers of oil—still likely to be the leaders in this brave new world? Or might a new energy order breed a new political order as well? This book is an effort to answer these questions.

***

It is hard to imagine a more appropriate moment to be talking about a new energy economy. Electrical blackouts and gasoline price spikes have reminded us of the vulnerability of our energy system and our precarious dependence on foreign producers. Europe and the United States have parted ways over climate change and energy policy generally, with Europeans making modest efforts to develop a post-oil economy, while American leaders, beginning with the president, have adopted an aggressive policy of domestic oil drilling that wishes away environmental, geopolitical, and even geological realities. Meanwhile, OPEC, the Organization of Petroleum Exporting Countries, the bogeyman of yesteryear, is regaining much of its old power and is vying with an oil-rich Russia and, increasingly, the United States for control over the world oil markets. Perhaps most tellingly, the United States and Britain are struggling to extricate themselves from a sec ond oil war in Iraq that, whether openly acknowledged or not, was clearly meant to restore Middle Eastern stability and maintain Western access to a steady supply of oil.

Moreover, if recent events are any indication, we may be entering a period of payback for a century of petro-diplomacy. Unstinting efforts by the United States, Europe, and other industrialized powers to ensure access to Middle Eastern oil—by any means necessary, and often with the help of Israel—have helped foster a perpetual state of political instability, ethnic conflict, and virulent nationalism in that oil-rich region. Even before American tanks rolled into Baghdad to secure the Iraqi Ministry of Petroleum, leaving the rest of the ancient city to burn, anti-Western resentment in the Middle East had become so intense that it was hard not to see a connection between the incessant drive for oil and the violence that has shattered Jerusalem, the West Bank, Riyadh, Jakarta, and even New York and Washington. Only days after September 11, in fact, commentators were suggesting that the attacks were not only motivated by decades of oil politics but had been financed by oil revenues from the United States.

By nearly any sane measure, then, the quest for less problematic forms of energy and more energy-efficient technologies should be a top priority for all players in the energy world. Even now, a veritable army of energy optimists—scientists, engineers, policymakers, economists, activists, and even energy company executives—is working on the next energy economy, piece by piece, each participant confident that it can be built. I have seen energy technologies that are frankly miraculous: wind farms that generate enough electricity to power a city; ultraefficient office buildings requiring no outside power; cars that get a hundred miles per gallon of gasoline or run on clean hydrogen fuel cells; refineries that turn coal into a clean-burning gasoline.

I've seen how much energy can be saved through absurdly simple efficiency measures—and how much cheaper it is to save oil or electricity than it is to go out and produce more. I have watched the world's biggest energy companies slowly emerge from a policy of flat denial and begin a cautious, calculated, yet measurable shift toward a new energy economy. I have had politicians, economists, and energy executives lay out the Realpolitik of the energy economy by showing me the money we'll need to spend, the sacrifices we'll need to make, and the political deals we will need to cut in order to launch a new, sustainable energy economy.


Yet I have also encountered phenomenal resistance. The path toward a new energy economy is fraught with political and economic risk. No one knows when or if the new technologies will be ready, or how much they will cost, or what kinds of hardships they will impose—and few countries and companies are eager to be the first to take the leap. The current energy economy, with its oil wells and pipelines, its tankers and refiners, its power plants and transmission lines, is an enormous asset, worth an estimated ten trillion dollars. No company, nor any nation, not even America, can afford to write that off—even if many of the gloomier commentators believe that doing so is the only way to slow climate change. Instead, energy companies are looking to minimize their losses, waiting till the last minute to adopt some technology so that they can squeeze the last drop of revenue from their existing hydrocarbon assets. Governments, too, fearing economic dislocation and political disadvantage, are steadily delaying any significant move away from the existing energy economy—thereby ensuring that change, when it occurs, will be all the more sudden and disruptive. 

Consumers, meanwhile, seem almost oblivious. In industrialized nations, energy is so cheap and incomes are so great that consumers think nothing of buying ever larger houses, more powerful cars, more toys and appliances—increasing their energy use without even knowing it. And if people in developing nations use far less energy today, this is not by choice: they, too, want the cars, the large homes, the entertainment systems, the conditioned air, and other features of the energy-rich lifestyle enjoyed in the West. The trend seems clear: barring some economic collapse, world energy demand can do nothing but rise—and the energy industry not only intends to meet that demand but, for all its talk of novel technologies and approaches, will do so almost entirely with existing methods, fuels, and technologies—at least, for the time being.

Thus, even as it becomes more and more possible to imagine a new energy economy, the old one is switching into high gear. In places like Borneo, Kamchatka, and Nigeria, off the coast of Florida and in the South China Sea, in Alaska and Chad, multinational energy companies comb the earth and ocean beds in search for the next big oil and gas plays. And around the world, the diplomatic, economic, and military strategies of nearly every nation continue to be shaped by one overriding objective—to maintain uninterrupted access to a steady supply of energy. The goal is sacrosanct, to be pursued at all costs, regardless of the way it perverts the 
culture and politics of entire regions or props up corrupt governments and dictators or, ultimately, fosters the instability and resentments that have already spawned such malignant figures as Muammar Qaddafi, Saddam Hussein, and Osama bin Laden. 

Yet despite the staying power of the status quo, each year that energy consumption continues unabated, the end of the current energy system not only becomes more inevitable but appears more likely to occur as a traumatic event. As energy supplies become harder to transport, as environmental effects worsen, and as energy diplomacy sows even greater geopolitical discord, the weight of the existing energy order becomes less and less bearable—and the possibility of a disruption more undeniable.

In the end, this question of disruption maybe the most critical one of all—not simply for policymakers and oil sheiks, but for anyone accustomed to filling up at the gas station or switching on an air conditioner; for it is not simply change that affects us, but the rate of change—how quickly and cleanly one way of life is exchanged for another. A swift, chaotic shift in our energy economy almost guarantees disruption, uncertainty, economic loss, even violence. By contrast, were we somehow to manage a gradual, smooth change, phased in over time, we might be able to adapt, minimizing our losses and even allowing the more clever of our species to profit from new opportunities.

In fact, while the precise shape of our energy future remains veiled, we can already discern two distinct paths for getting there. On the one hand, we can imagine the transition as a kind of a proactive endeavor, driven by global consensus over some perceived threat, based on scientific analysis, and managed to minimize disruption and maximize economic gain. On the other, we can picture a change that is less a transition than a reaction, a patchwork of defensive programs triggered by some political or natural disaster.

Suppose, for example, that worldwide oil production hits a kind of peak and that, as at Ghawar, the amount of oil that oil companies and oil states can pull out of the ground plateaus or even begins to decline—a not altogether inconceivable scenario. Oil is finite, and although vast oceans of it remain underground, waiting to be pumped out and refined into gasoline for your Winnebago, this is old oil, in fields that have been known about for years or even decades. By contrast, the amount of new oil that is being discovered each year is declining; the peak year was 1960, and it has 
been downhill ever since. Given that oil cannot be produced without first being discovered, it is inevitable that, at some point, worldwide oil production must peak and begin declining as well—less than ideal circumstances for a global economy that depends on cheap oil for about 40 percent of its energy needs (not to mention 90 percent of its transportation fuel) and is nowhere even close to having alternative energy sources. 

The last three times oil production dropped off a cliff—the Arab oil embargo of 1974, the Iranian revolution in 1979, and the 1991 Persian Gulf War—the resulting price spikes pushed the world into recession. And these disruptions were temporary. Presumably, the effects of a long-term permanent disruption would be far more gruesome. As prices rose, consumers would quickly shift to other fuels, such as natural gas or coal, but soon enough, those supplies would also tighten and their prices would rise. An inflationary ripple effect would set in. As energy became more expensive, so would such energy-dependent activities as manufacturing and transportation. Commercial activity would slow, and segments of the global economy especially dependent on rapid growth—which is to say, pretty much everything these days—would tip into recession. The cost of goods and services would rise, ultimately depressing economic demand and throwing the entire economy into an enduring depression that would make 1929 look like a dress rehearsal and could touch off a desperate and probably violent contest for whatever oil supplies remained.

When such a production peak will occur is, as we shall see, a Very Big Question. Optimists like the U.S. government believe that a peak in oil production cannot occur before 2035 or so and that would give the world plenty of time to find something else to burn. Pessimists, by contrast, a group whose members include geologists, industry analysts, and a surprising number of oil industry and government officials, believe that a peak may come much sooner—perhaps as soon as 2005. (Indeed, a small but vocal minority believes that the peak has already occurred and that this is why oil companies like Shell and BP are struggling to find untapped sources of oil to replace all the barrels they produce.)

Granted, such a wide range of dates is not particularly helpful for anyone wanting to know when to start hoarding diesel, light out for the hills, or invest in oil company stocks. But lest you think it's about time to buy a larger SUV, it is worth noting that even the oil optimists concede, usually privately, that the important oil—that is, the oil that exists outside the 
control of the eleven-country OPEC oil cartel—will in all likelihood peak between 2015 and 2020. We call this "important oil" because, once it peaks, the free world will have to rely more each year on oil controlled by the likes of Saudi Arabia, Venezuela, and Iran—governments that cannot be counted on to bear the best interests of the West in mind in setting pricing policy. 

That brings us back to the question of smooth or sudden change. Admittedly, even if the world knew exactly when non-OPEC oil was going to peak, only so much could be done to prepare, given the size of the existing oil infrastructure and the complacency of the average consumer. Yet it's also true that were Western governments to begin taking steps to reduce oil demand, or at least to slow the rate at which it is growing (by, say, raising fuel efficiency standards for cars), the impact of such a peak would be lessened dramatically—and the world would gain all the benefits of using something other than oil.

At the same time, if the consuming world instead continues in its current mode—known by energy economists and other worriers as "business as usual"—oil demand will be so high by 2015 that a peak (or any big disruption, such as a civil war in Saudi Arabia or a massive climate-related disaster that kills thousands and forces politicians to cut the use of oil and other hydrocarbons in a hurry) could be an unmitigated disaster. Thus, the real question, for anyone truly concerned about our future, is not whether change is going to come, but whether the shift will be peaceful and orderly or chaotic and violent because we waited too long to begin planning for it.

***

In writing this book, I have focused on all aspects of the energy economy—the past and present of energy, the technology and business of energy, and the major players. I've studied the big energy producers, like Saudi Arabia and Russia, who control most of the world's oil reserves and who will play a critical role in the transition to a post-oil economy. I've looked in depth at China and India, two energy paupers whose enormous populations and growing economies will nonetheless make them the biggest energy players of the twenty-first century. I have examined Japan and Germany, countries that, lacking their own domestic oil supplies, have adopted energy-efficient policies and have fostered a culture that accepts if not embraces a low-energy way of life.

But by necessity, much of this book will focus on the United States. 
For all that the new energy economy is an international issue, no nation will play a greater role in the evolution of that economy than ours. Americans are the most profligate users of energy in the history of the world: a country with less than 5 percent of the world's population burns through 25 percent of the world's total energy. Some of this discrepancy is owing to the American economy, which is bigger than anyone else's and therefore uses more energy. But it is also true that the American lifestyle is twice as energy-intensive as that in Europe and Japan, and about ten times the global average. The United States is thus the most important of all energy players: its enormous demand makes it an essential customer for the big energy states like Saudi Arabia and Russia. Its large imports hold the global energy market in thrall. (Indeed, the tiniest change in the U.S. energy economy—a colder winter, an increase in driving, a change in tax law—can send world markets into a tailspin.) And because American power flows from its dominance over a global economy that in turn depends mainly on oil and other fossil fuels, the United States sees itself as having no choice but to defend the global energy infrastructure from any threat and by nearly any means available—economic, diplomatic, even military. 

The result of this simultaneous might and dependency is that the United States is, and will be, the preeminent force in the shaping of the new energy economy. The United States is the only country with the economic muscle, the technological expertise, and the international standing truly to mold the next energy system. If the U.S. government and its citizens decided to launch a new energy system and have it in place within twenty years, not only would the energy system be built, but the rest of the world would be forced to follow along. Instead, American policymakers are too paralyzed to act, terrified that to change U.S. energy patterns would threaten the nation's economy and geopolitical status—not to mention outrage tens of millions of American voters. Where Europe has taken small but important steps toward regulating carbon dioxide (steps modeled, paradoxically, on an American pollution law), the United States has made only theatrical gestures over alternative fuels, improved efficiency, or policies that would harness the markets to reduce carbon. As a result, the energy superpower has not only surrendered its once-awesome edge in such energy technologies as solar and wind to competitors in Europe and Japan but made it less and less likely that an effective solution for climate change will be deployed in time to make a difference.

Critics place much of the blame on a political system corrupted by big 
energy interests—companies desperate to protect billions of dollars in existing energy technologies and infrastructure. An equal measure of blame, however, must fall on the "average" American consumer, who each year seems to know less, and care less, about how much energy he or she uses, where it comes from, or what its true costs are. Americans, it seems, suffer profoundly from what may soon be known as energy illiteracy: most of us understand so little about our energy economy that we have no idea that it has begun falling apart. 

***

The End of Oil is a dramatic narrative in three parts. In the first five chapters, I set the stage for the current crisis, by explaining how and why energy has become so vital a part of our existence. Chapter 1 offers a short history of energy, describing the long, slow rise from muscle power and sweat to a sprawling, hydrocarbon-powered economy. In Chapter 2, we tackle the question of how much oil is left and see firsthand how difficult the search for oil has become. Chapter 3 takes a sharp look at one of oil's most talked-about challengers—the hydrogen fuel cell—highlighting that technology's awesome potential, yet showing just how far it has to go. Chapter 4 discusses the connections between energy and power and outlines the role energy plays in domestic and international politics, trade, and even war. This first part closes with a chapter on global climate change—a complex phenomenon that is both the consequence of our current energy economy and, perhaps, the most important impetus for building a new one.

In Part Two, we look at the mechanics of the energy order. In Chapter 6, we examine energy consumption and see how our evolving use of oil, electricity, and other forms of energy has become one of the most powerful economic and political forces on the planet. In Chapter 7, we meet the producers of oil and gas, and learn how the energy business is undergoing a radical and potentially disastrous transformation. Chapter 8 takes us on a tour of the options for that new system—the alternative fuels and systems, their potential for changing the world, and the many obstacles they face. Chapter 9 introduces the important yet often-neglected concept of energy conservation and shows how a radical improvement in energy efficiency will be essential to any new and sustainable energy economy.

In Part Three, we chart the promise and the peril of our energy future. Chapter 10 describes how the existing energy system is already failing to 
meet even current needs—and shows how the race to develop "clean" energy must compete with the more basic need to produce enough energy of any kind. Chapter 11 describes the colossal inertia of the current energy order, and the way it has influenced, shaped, and, too often, corrupted economies and entire nations. Chapter 12 lays out the terms of the coming struggle, as defenders of the energy status quo go up against a new generation of players. Chapter 13 offers a speculative account of the transition to a new energy economy, in extrapolating current trends to show how a new system might actually emerge. 

I am under no illusions that this book addresses all the important aspects of the evolving energy economy, or even most of them. Energy is a vast topic, with millions of components interwoven in a complex and ever-changing pattern that defies quick answers or simple truths. Instead, my hope is to provide an introduction, a way for nonexperts to begin to think about what experts have long known: that energy is the single most important resource, that our current energy system is failing, and that the shape of the next energy economy is being decided right now—with or without our input. Ideally, readers of this book will acquire a better understanding of what is coming, and perhaps a better chance of making a difference in that future.




Part I

THE FREE RIDE

 




1. Lighting the Fire

ONLY THE BAREST details remain from the day Thomas Newcomen saved the Industrial Revolution from collapse and launched the great race for energy that has defined civilization ever since. But we can reconstruct the scene. The year is 1712, the month probably March. The setting is the Coneygree Coal Works in Staffordshire, on the site of England's greatest coalfield. Inside a neat two-story brick building, we find a middle-aged man clambering around a large, upright contraption of brick, iron pipes, and brass that rises thirty feet from the floor and protrudes into the chamber above. He is Thomas Newcomen, a forty-nine-year-old metal smith and Baptist preacher turned inventor. The contraption is his "heat engine," a coal-powered, "self-acting" device that has taken ten years to perfect and which, if all goes according to plan, will soon be pumping water from a flooded mineshaft 160 feet below. 

A private, guarded man by habit, Newcomen has today thrown open the doors to his engine room. Around him, a small crowd has gathered—coal mine officials, a handful of investors, perhaps an attorney or two representing Newcomen's many creditors. As the visitors gawk at the engine, we can picture their upturned faces, their expressions of alternating doubt and desire. Certainly, they will have heard the criticism from leading scientists who believe that such a contraption cannot work—especially one built by a mere tinker like Newcomen. They will have heard that the early prototypes for this engine, hand-built devices that pushed at the limits of existing technology, have all failed. Those assembled will know of Newcomen's mounting debts.

But anyone in the cramped, smoky room that day in March will also have been keenly aware of the stakes if Newcomen succeeds. England is in a 
fuel crisis. The rapidly industrializing country has used up most of its firewood and is now utterly dependent on coal. Coal powers the thousands of factories and foundries that are popping up like dark mushrooms all over the English landscape. Coal provides heat and fuels the cook fires for the hundreds of thousands of Englishmen who now live in the cities. London alone, the world's largest metropolis and its commercial center, teeming with more than six hundred thousand people, consumes a thousand tons of coal a day—and each year needs more. 

Yet more isn't coming out of the ground, not fast enough. In Wales, the Midlands, and other coal regions, British miners have already hollowed out the easy coal seams on the surface and must now delve deeper. Unfortunately, the new shafts are constantly flooding with groundwater. Many mines have installed crude horse-driven pumps, but the contraptions are slow, inefficient, and prohibitively expensive. Around the country, mine after mine has lost productivity or shut down entirely. The nation is desperate. "Drainage" has become the topic of the year, and it is clear that if a solution can be found, it will not only save the day but, as one observer puts it, prove "most lucrative to the inventor."

Newcomen motions to an assistant to shovel more coal into the firebox beneath the huge brick boiler. The inventor turns a valve, directing steam into an eight-foot-tall brass cylinder. Smoke and a great hissing and clanging fill the air, and inside the cylinder a massive piston begins to rise and fall, once every twelve seconds. The spectators look up. High above them in the rafters, a twenty-eight-foot horizontal beam has begun to rock up and down, like a giant teeter-totter, raising and lowering an iron chain that drops through a hole to the mine below. For a long moment, nothing happens. The onlookers fidget, shifting from foot to foot, clearing their throats. Then, from an open pipe outside comes the gurgle of rushing water, followed by a great spurt of blackish liquid—water from the mineshaft far below. Twelve seconds later, another gush, and another. The mine is draining. The investors cheer. Newcomen has just made them very rich.

In fact, on that day in Staffordshire, Thomas Newcomen had improved the fortunes not simply of a few local capitalists, but of all humankind. The Newcomen engine may have been expensive, noisy, and comically inefficient (more than 99 percent of the coal's heat energy was wasted, owing to poor design). The engine may have burned through more than a ton and a half of coal a day. But even at that, the new device was considerably cheaper than the alternatives. One engine could replace a pumping operation employing fifty horses, thereby cutting operating costs by 85 percent. Within twenty years, more than a hundred Newcomen engines would be clanking away across England and Continental Europe, bringing mine after flooded mine back into production, and contributing to a spectacular increase in coal production. In Britain alone, yearly coal output jumped from around three million tons in 1712 to nearly double that by 1750. At the end of the century, England was producing ten million tons, making the island the undisputed king of coal, and the world's first modern energy economy. 

The consequences went well beyond an increase in coal production, however. Newcomen's engine was, after all, an engine, one of the world's first—an automatic, or "self-acting," device that transformed chemical energy from coal into physical energy—work—and did so more efficiently than the horses and men it replaced. In so doing, Newcomen's engine gave us our first real mastery over energy and set humanity on a course that would change the world forever. True, our ancestors had been running machines with energy from water mills and windmills for centuries, but these crude devices often lacked the power or rotating speed needed to drive complex machines like pumps or mechanized looms. More to the point, water mills and windmills worked only in certain places, such as riverbanks or spots where the wind was constant, and mills could be idled by low water or a calm day: Nature, in other words, still meted out the energy. The steam engine had speed to spare. It could be installed anywhere and would run continuously—assuming you had a continuous supply of coal. For the first time, human beings had the potential to harness energy in quantities far greater than previously imagined, and the impact would be enormous.

Within a century of Newcomen's successful demonstration, the world was being remade by coal energy. Although wood and other types of "biomass" would remain important sources of fuel through the nineteenth century, coal and the power it supplied transformed Western commerce and society, by increasing productivity and wealth and accelerating the great shift from agriculture to industry. First in mining, then in textile manufacturing, and then in transportation, the rapid advances in the mastery of energy allowed people to produce more goods, faster and more efficiently, and transport them to more distant customers, at lower cost, than had ever 
before been even conceivable. The potential of coal-fired steam power seemed boundless. Released from the age-old limitations of muscle, wind, and water, Industrial Man was poised on the brink of limitless wealth and material progress—just as long as he could keep the coal coming. 

***

In many ways, Newcomen's engine marked the culmination of humankind's ten-thousand-year march toward what might be called energy consciousness. From the moment humans sought to control their environment, success and material progress have been intimately bound up with the ability to find and exploit greater, more concentrated sources of energy. Early tribes of hunter-gatherers, for example, probably had no phrase for "energy cost-benefit analysis," but they knew which roots and berries had the highest caloric content and thus offered the richest energy returns for a given investment of energy. Cro-Magnon hunting parties learned to target larger prey in part because the energy costs—the calories required to track and chase—were more readily reimbursed by a larger chunk of meat than by a smaller one (even if the larger beast might be more difficult and dangerous to bring down).1

This primitive energy calculus became more essential when farming began, somewhere in present-day Iraq around ten thousand years ago. Clearing land and tilling soil are brutally hard work. They suck up more energy, in the form of food calories, than does foraging for nuts and berries. In return for those extra calories, though, our ancestors received substantial benefits, including the ability to produce more food on a far more reliable schedule. Similarly, when draft animals came into widespread use, probably around 4000 B.C., energy requirements kept climbing, but so did productivity. An ox might require a great deal of forage and water; but tied to a plow, that four-legged tractor would allow its human master to till three times as much land as he could by hand with a hoe.2

Did early humans see the connection between the extra energy costs and extra benefits? We'll never know. Yet visible or not, the advantages stemming from increased energy use—greater productivity, the new reliability of the food supply, and so on—were real. They were also critical in encouraging the shift from hunting and gathering to agriculture and urbanism, as small, mobile tribes now had the tools and capabilities to support larger, sedentary farming societies. And notice the trend: as humans 
became dependent on the increased production, and consequently greater reliability, of food, what they were actually becoming dependent on was the underlying increase in energy consumption. The link between energy and progress would become much more obvious as people began to live in larger, more concentrated communities—although the focus would now expand from calories to fuel. Whereas nomadic hunter-gatherers could dependably find wood, grass, dung, or other heating and cooking fuel wherever they roamed (indeed, the availability of fuel may have helped determine where they roamed), that didn't work for city dwellers. No longer could a person simply wander out at sunrise and pick up a few sticks for a fire to cook breakfast. Urbanites were stuck in one place, competing with neighbors for fuel—in even shorter supply now that early craftsmen had begun to fire pottery or smelt metals. By some estimates, every man, woman, and child in these early cities required a half ton of firewood a year, a requirement that put an enormous strain on local forests. Factor in the added energy demands from a primitive industry like copper smelting—a ton of firewood was needed to smelt ten pounds of metal 3—and you have the beginnings of the earliest energy crunch. For perhaps the first time in history, humans could see the threat that lay in the gap between fuel demand and fuel supply. They had, in other words, achieved a rudimentary energy consciousness.

To bridge this gap between demand and supply, the world's first energy economy arose. In a pattern that would be repeated centuries later with coal and then with oil, our enterprising ancestors invented a system to find and distribute fuel as efficiently and cheaply as possible. In forested regions, this would have meant organizing wood-gathering parties to comb the neighboring countryside. Logs or branches had to be collected, hauled to the city, stored in stacks to dry properly, then sold, traded, or given to those in need. As the energy economy evolved, these tasks became distinct specialties: those of the woodcutter, the warehouse owner, the wood-seller. Social, political, and even legal questions had to be addressed: Who owned a particular forest? How quickly could it be cut down? Gathering costs needed to be accounted for, especially as the forests closer to town were chopped down and foragers were forced to range farther afield, and conservation schemes were likely to be considered. At some point, the possibility of running out of fuel came to be feared as much as any other large-scale disaster—war, drought, or plague.


In short, energy had become a strategic resource—a factor in the rise, and fall, of economies and civilizations.4 Catastrophic fuel shortages were probably quite frequent. Indeed, the march of human progress may well have been marked by a series of energy crises that either killed off a particular civilization or helped push it to the next level of technological and economic development. 

This, certainly, was the case in Europe, which by medieval times had worked itself into an energy shortage as severe as anything we moderns can complain about. As elsewhere, Europe's agricultural revolution had depleted its primary fuel source: firewood. Not only were farmers clearing forests to plant more crops, but the additional crops supported a larger population with even greater needs for wood fuel (not to mention lumber for buildings and ships), which only took more of a toll on already decimated forests. New industries also depleted precious fuel supplies. The expanding manufacture of glass, dyes, ale, lime, salt, and bricks, though key to improved living conditions, consumed entire forests of firewood. Iron making was especially fuel-intensive, requiring a ton of firewood to produce twenty pounds of metal. To operate year-round, a single iron smelter needed more than four hundred square miles of forest. Something had to give.5

England, with its limited forests and comparatively advanced industry, suffered acutely. By the thirteenth century, wood shortages were so severe that English officials were shutting down metal forges and forbidding the cutting of any Crown forests. The crisis eased briefly in the fourteenth century, when the plague killed off a third of Europe's population and allowed forests time to grow back. But by the fifteenth century, the recovering population had wiped out any wood surplus, and firewood became an expensive luxury, available to only the wealthiest citizens.6

Coal was the obvious alternative, and the transition from wood to that fossil fuel would utterly transform the economy, culture, and politics of the world and spark what we now understand to be the energy revolution. Yet early on, few Englishmen regarded the move to coal as positive. The soft brown lignite then being mined in England and Europe was chock full of sulfur and other impurities: when burned, it produced an acrid, choking smoke that stung the eyes and lungs and blackened walls and clothes. More fundamentally, coal simply did not work with an energy technology designed for wood. Brewers and bakers refused to use coal, for it fouled the taste of food and drink. And because sulfur interferes with the chemistry of 
iron, coal could not be used in smelting furnaces. In nearly all cases, wood was the preferred fuel, when it was available. 

Still, even the most grudging Englishmen had to acknowledge that coal had important advantages over wood. Just as oil and gas would outperform coal two centuries later, coal was simply superior to wood economically. First, the great abundance of coal made it much cheaper. Second, coal provided a better energy payoff: not only did it take less energy to dig out a pound of coal than to cut a pound of wood, but that pound of coal, when burned, released up to five times as much energy. Coal's higher energy density made it far more economical to produce, cheaper to transport over long distances (from mines in the north to London in the south), and easier to store. Unlike a wood lot, which depends on a scattered and inefficient fuel-gathering process, a coalfield concentrates a massive volume of chemical energy more or less in one physical location. Production can be centralized and efficient, and therefore much more profitable—a critical prerequisite to the birth of any industry, especially in a time when labor is scarce.

Nor, finally, were all types of coal so messy. Medieval Europeans had been using poor-quality coal, but there were better varieties. Coal is a fossil fuel: it forms when layers of dead trees and leaves and other organic materials, known as peat, become buried and, over the course of millions of years, compressed and heated into a carbon-bearing mineral. The quality of a particular coal depends on its carbon content: high-carbon coals burn hot and relatively cleanly; low-carbon coals do not. Generally, the longer coal stays buried, the harder it becomes, but also the deeper one must dig to extract it. Not surprisingly, the first coal that Europeans found was the softer, more recently formed lignite. But as miners emptied the surface seams and were forced to dig deeper, they found the harder, cleaner-burning bitumen and anthracite. And with Newcomen's engine pumping out the mine shafts when they flooded, the coal age had truly begun.

***

The significance of the Newcomen phenomenon wasn't just that it allowed us to produce more energy, but that it changed the way we used the energy. Until that point, coal, wood, and other fuels were simply sources of heat: their chemical energy was converted, through burning, into heat energy used mainly for cooking or heating. But Newcomen's engine took the process one step further, by converting the heat energy from combustion into 
the physical, or  mechanical, energy of work. In a sense, Newcomen's engine was achieving with coal what men, horses, and oxen already did naturally with calories, but far more efficiently, and with no apparent limitations. If you wanted more power, you simply built a bigger engine and fed it more fuel. All that was necessary was an ever-larger supply of coal, which Newcomen's engine itself seemed to ensure.

The remarkable thing was that the more coal England produced, the more coal England burned. Because coal was now so readily available, industrial users could not only expand existing operations but develop entirely new uses for the abundant fuel. This phenomenon was most dramatically evident in the iron industry, where manufacturers, having developed a sulfur-free form of coal, known as coke, could now use coal to smelt iron. It is impossible to overstate the impact of this partnership between energy and iron, the twin building blocks of the industrial age. Cheap, abundant iron touched off an acceleration in the manufacture of machines, including steam engines. Factories of all kinds sprang up, using steam engines to drive looms, lathes, presses, and every other conceivable kind of device. And naturally, each advance in technology only increased the demands on the coal industry. In the early 1800s, coal-fired steam locomotives began carrying people and cargo, including coal. As rail transport expanded, so did demand for iron rails, creating yet further demand for coal at the iron foundries. Then, as the rail system grew, the greater number of locomotives necessitated higher coal production, as did England's move from a wind-powered to a steam-powered navy. This interdependence—between production and consumption, between supply and demand—was perhaps the most critical element in the success of the Industrial Revolution, and it remains a fundamental aspect of the modern energy economy.

Inevitably, so much new demand brought in new producers. Germany, France, and Belgium developed their coal industries, followed somewhat belatedly by the United States. American coal reserves are massive (the largest in the world, in fact), but the young nation had so much forest that wood remained the dominant fuel until the end of the Civil War. Before 1850, most Americans didn't even know coal could be burned. Yet by 1900, U.S. mines were outproducing those in England and contributing to a world production total of nearly a billion tons—more than ten times the volume of just fifty years before.7

Beneath this staggering increase in volume, an even more interesting transformation was taking place. In 1701, the average Englishman used less 
than half a ton of coal a year. By 1850, he was using nearly three tons, and by 1900, more than four tons. Similar changes were occurring in industrializing Europe and the United States. 8

What were people using all the extra energy for? More heating and cooking, to be sure, and more travel in steamships and trains; but mainly, people were manufacturing more things: more textiles, more machines, more food and ale, more paper. The pattern was clear: the more you produced, the more energy you needed. And conversely, the more energy you used, the more things you produced—and the wealthier you or, more likely, your employer or the state, became.

One might just as well relabel the expanding Industrial Revolution the energy revolution, because the industrial economies of the nineteenth century simply could not have developed without the parallel emergence of energy economies to sustain them. And as industrialization spread, country by country, region by region, so did demand for energy.

***

To meet this rising tide of demand, the energy industry itself had to change, becoming not only one of the largest businesses in the world, but among the most sophisticated and enterprising, and certainly the most widespread. Coal technology advanced quickly. Mines themselves became enormous underground factories, served by hundreds of miles of tunnels, rail systems, and subterranean canals. To transport the coal to the cities and burgeoning industrial areas, extensive networks of canals and then railways were built; in many cases, the iron foundries and other factories simply relocated to the coal fields in the north of England, the Ruhr Valley in Germany, and the coal regions of Pennsylvania and Ohio.

At the other end of the supply chain, an entire system of distribution and marketing arose to sell the coal to industrial and residential users and to promote new uses and new demand. Coal-fired boilers were engineered to fit inside every factory, every office building. Coal-burning ovens and heaters were refined for home use, thereby increasing domestic consumption and, just as important, teaching consumers to expect better, easier lives and more "convenience" through greater energy consumption.

The energy industry grew so rapidly that traditional business practices could not keep pace. It was in the coal business that consolidation became an established practice, as hundreds of small, inefficient coal mines in England, Europe, and the United States were rolled up into massive corporate 
entities fundamentally different from anything that had existed before. This new breed of organization required new approaches to everything from production and delivery to accounting, cost control, labor management, and, above all, finance. Industrial-era coal mining was one of the first truly capital-intensive industries. In 1800, the start-up costs for a large coal mine could easily run to tens of thousands of pounds—a vast sum in those days—and force owner-entrepreneurs to come up with new ways to attract capital investment and ultimately created a web of interdependence between the energy industry and the financial community that still exists today. 9

As with the modern energy sector, the coal business was enormously risky. Return on investment, the one number that mattered in so capital-intensive an industry, could be destroyed by any number of things: price fluctuations, a glut in supply, production bottlenecks, mining disasters, and eventually the temerity of the coal miners themselves.

Yet lest we grow too sympathetic, it should be understood that the early energy business was, on the whole, exceedingly profitable. Demand was rising and coal companies became expert at protecting their position. They invested in new technologies and practices. They lobbied government for favorable laws, including laws preventing miners from striking for better working conditions. And increasingly, coal companies simply cheated.10 Just as OPEC would several centuries later, coal-mining companies in England, Europe, and later the United States joined in great regional monopolies, colluding shamelessly to limit production and thus keep prices high, then peacefully dividing up the big urban markets in London, Paris, Berlin, and New York to avoid price competition. Consumers complained bitterly to government, but periodic reform efforts had little effect, because any new laws were rarely enforced. Coal companies were simply too politically influential, and few in government wanted to interfere with so important an industry.

Price gouging was far from the only problem coal presented. Labor woes continued to mount, as miners protested horrific working conditions. Cave-ins and gas explosions, which claimed hundreds of lives, provided re-form-minded writers like Zola with powerful material and constantly reminded the public of the cost of a coal-based economy.11 For that matter, coal had hardly turned out to be the ideal fuel, after all. Though it contained more energy than wood, coal was still too bulky to be a completely efficient fuel. Long-haul steamships, for example, required such large coal 
bunkers that they had little room left over for cargo or passengers. And even the best coal didn't burn hot enough for many of the new industrial processes. Nor had the soot problem been solved. By the end of the nineteenth century, the air was so black in London, Pittsburgh, Berlin, and other industrialized cities that trees died, marble facades dissolved, and respiratory ailments became epidemic. 

For the moment, however, there was nothing to be done: coal had become something no person or business or country could live without. By 1900, the coal industry stood at the very center of the industrial world, interconnected with, and supporting, every other sector, and generating a substantial proportion of the national wealth, jobs, and export income for the producing countries.

Perhaps more important, by the dawn of the twentieth century, coal had created something more lasting: a new kind of economy, or perhaps more accurately, new kind of economic order. This new order had engendered a powerful system of production practices and distribution networks, tailored to the reciprocal dynamic of supply and demand. It included a corporate business model designed for massive economies of scale, a financial structure to manage the large capital requirements, and political relationships to protect these investments. Just as significantly, around the new energy order had arisen a culture of energy consumption and a social and political awareness of the critical role that energy played in rising living standards and wealth, in national success and international power. Coal might be dirty and dangerous, and the coal economy might be monopolistic and corrupt. But coal was without question the basis for the industrial world's burgeoning prosperity. As one English observer noted, "Coal stands not beside but entirely above all other commodities. It is the material source of the energy of the country—the universal aid—the factor in everything we do."12

Coal production would continue to grow for decades. Yet by the end of the nineteenth century—to the great dismay of English coal barons, U.S. coal miners, and the centuries-old coal industry—the energy order had become far too large and global to be dominated by a single country, or even a single fuel.

***

The end of the coal age began on the morning of January 10, 1901, just outside Beaumont, Texas, on a small hill called Spindletop. It was half past ten, 
and a frustrated man named Al Hammil had just stepped away from the well he had been drilling to tell his brother, Curt, that there was in fact no oil here, when the sandstone some 1,100 feet below his feet proved him wrong in spectacular fashion. With a deafening blast and a great howling roar, thick clouds of methane gas jetted from the hole. Then came the liquid, a column of it, six inches wide and brownish green. It rocketed hundreds of feet into the winter sky before falling back to earth as a dark rain. It soaked the wrecked drilling derrick, the red Texas earth, and the Hammil brothers, who were now dancing for joy, for there  was oil here—more than the Hammils, or anyone else, for that matter, had ever seen before. Most oil wells of that time were yielding fifty to a hundred barrels a day. The record breakers, like those in Russia, produced maybe five thousand barrels a day. But Spindletop was pumping out five thousand barrels every hour —one hundred thousand barrels a day—more than the combined production of every other well on earth.

Spindletop's plume was visible from downtown Beaumont, four miles away, and within hours of the strike, townspeople had flocked to the site to stare at the gusher, which was now creating a lake of oil. Tourists began arriving from Houston the next day, followed by journalists and a few skeptical geologists, some of whom had helped advance the view, widely held at the time, that oil simply did not exist in such quantities. This was no negligible point. Although oil had been known about for thousands of years and produced commercially since the 1850s, the world oil business in 1901 was comparatively small and centered mainly on the refining of oil into kerosene fuel for lamps. Cheaper, cleaner, and safer than all other lamp fuels, kerosene had been a godsend to a rapidly industrializing world desperate to light its homes, libraries, factories, and office buildings. But now, with the advent of the newfangled electric light, oil's future in the illumination market looked dim. True, some scientists believed oil would work as an engine fuel, like coal—only better, for oil burned cleaner than coal and had a higher energy content. At that point, however, world oil production was only a trickle, and geologists said oil could never be produced in great enough volume to compete with King Coal. The supply of oil, in other words, would never meet the world's demand for energy.

Now, however, as Spindletop poured forth its dark river, the skeptics felt their theories eroding. A few diehards pronounced the flow of oil too large to be sustainable: Spindletop, they said, was a geological fluke, soon to 
be depleted, never to be repeated. But in March the Hammils drilled a second well, which also produced at the same unearthly rate of one hundred thousand barrels a day, as did a third, a fourth, and a fifth well. The skeptics withdrew, and the speculators and opportunists and investors rushed in. The age of oil had begun. 

***

Until Spindletop, oil had been regarded as something of a sideshow in the energy economy. The ancients had come across it mainly by accident, in natural oil springs, or "seeps," and had used it sparingly, in caulking, glue, and liniment, as well as weapons. (Flaming arrows were popular in warfare, as was Greek fire, a liquid incendiary that could be flung, via catapult, at enemy ships and armies—the world's first weapon of mass destruction.) First-century Persians learned to distill oil into lamp fuel that was prized throughout the Middle East and Europe, but oil remained scarce. Even during the mid-1800s, after the discovery of oil fields on the Caspian Sea near Baku and in Pennsylvania, production was still small—partly because the early oil barons did not drill deep enough, but mainly because they had no clue what oil was or where it came from.

Oil, like coal, is an ancient substance. The crude that gushed from Spindletop on that January morning was the product of a process begun fifty million years before, when Beaumont and much of eastern Texas lay submerged beneath a much wider Gulf of Mexico. The warm waters were ideal for great, state-sized blooms of plankton and other microscopic life forms, whose tiny bodies rained down like a rich dust to form an organic mat on the muddy gulf floor. Over millions of years, this mat hardened into a layer of nutrient-rich rock—geologists call it source rock—which was slowly buried beneath megatons of sandy sediment that poured out from the mouths of nearby rivers. The sandy sediments gradually compacted, in turn, into a layer of sandstone five miles thick. The weight of so much stone atop the source rock, coupled with the naturally high subterranean temperatures, pressure-cooked all those tiny fossilized bodies and chemically transformed the biological molecules made of hydrogen and carbon into a complex hydrocarbon brew known as petroleum.

The creation of petroleum is similar to that of coal, with a key difference: whereas coal derives mainly from dead plants, petroleum's raw ingredient is mainly animal. Animals contain more fat than plants do, and fat 
contains more hydrogen; this extra hydrogen yields a hydrocarbon that is far more fluid than coal. In fact, what we call petroleum is actually a blend of hydrocarbons: liquids like kerosene and gasoline and semisolids like asphalt (which we call collectively crude oil) mixed up with gaseous hydrocarbons, such as propane, butane, and methane (or natural gas), whose presence, in the form of billions of tiny bubbles, makes the petroleum even more fluid. 

This fluidity means that, whereas coal is content to sit underground until the end of time, petroleum does everything it can to escape the underworld. From the moment petroleum is pressure-cooked into existence, the trapped bubbles of gas expand violently, shattering the source rock. Then, because it is lighter than the surrounding groundwater, the gas-oil mix begins migrating upward, pushing through microscopic pores in the sandstone, rising through any cracks or fissures it comes to, spreading toward the surface like a blot of ink through a giant sponge.

Often, the oil and gas (which separate from each other as they rise) reach the surface and simply leak away, as uncountable trillions of barrels of oil and natural gas have done over the millennia.13 In some cases, however, the migrating oil and gas encounter some kind of obstacle or "trap," which in the case of Spindletop was a two-hundred-foot-thick layer of dried sea salt, left behind when the waters of the ancient gulf receded. Salt, though impermeable by oil, has only temporary powers of containment. Under the enormous subterranean pressures, the salt layer buckled and folded, until finally a massive finger of salt, miles tall and perhaps half a mile wide, was extruded upward, smashing through the sandstone sediments above it like an enormous battering ram—and carrying a great volume of the trapped oil and gas in its wake. As the salt column neared the surface, it pushed up a mound of topsoil, known as a salt dome, which white settlers would later dub Spindletop. The tagalong oil and gas, meanwhile, tens of billions of barrels' worth, came to a halt beneath a superhard layer of limestone, one thousand feet from the surface. Here, in the pores of the sandstone, a petroleum reservoir formed: a layering of hydrocarbons with groundwater at the bottom, oil in the middle, and on top a cap of gas, trapped, pressing up against the limestone, and thus pressurizing the entire reservoir like a can of soda that has been shaken but not yet opened.

A thousand feet is far deeper than anyone had ever drilled for oil before. The wells in Baku and Pennsylvania, for example, rarely went down 
more than a few hundred feet, because oilmen were stuck with an obsolete drill technology that essentially pounded a sharpened bit down through the dirt and rock like a jackhammer. But at Spindletop, the Hammils tried something new—a rotary drill. Powered by a small steam engine (coal-fired, no doubt), the rotary drill not only could go deeper into the earth but could pierce the kind of hard limestone rock that had guarded Spindletop's dark treasure for so many million years—and which, geologists now suspected, might be guarding similar oil fields elsewhere in the world. 

***

Just as the Newcomen engine had helped ignite the Industrial Revolution by making coal cheap and abundant, the rotary drill and the new science of oil geology now made it possible at last to satisfy years of latent oil demand. Spindletop and the subsequent discoveries of even larger fields in Texas, Oklahoma, Mexico, and Venezuela unleashed tens of millions of barrels of oil, flooding the market and giving the nascent industry the boost it needed in order to break into the energy economy. As oil prices fell, coal users began switching in droves to the more efficient oil. Railroads converted their coal-fired locomotives to burn cheap Texas crude. Shipping companies, quickly recognizing that oil made their ships go faster—and also that it took up less storage room onboard than coal did—refitted cargo vessels to run on oil.

It was the gasoline-powered internal-combustion engine, however, that sealed oil's dominance. Although early automakers had tried steam engines and electric motors, by the time Henry Ford introduced his Model A in 1903, the gasoline engine had demonstrated its greater power and range. By 1913, more than a million cars and trucks were racing across America and Europe, and most of them ran on gasoline or diesel.14 With the advent of automobiles, oil gained a virtual monopoly. Whereas preceding generations had been able to choose between coal, oil, and even wood for their transportation fuel, by the age of the automobile, the choice had been made: the internal-combustion engine ran on oil-based fuels. If people wanted to drive, they had no alternative: oil was it.

As clichéd as it has become to say that the oil-fueled engine utterly remade modern life, the transformation was undeniably profound. The popularity of the automobile made possible a host of new lifestyles and social forms, including commuting, suburban living, geographically dispersed 
families, and, of course, the motor holiday. A larger and more important transformation was occurring in the commercial sphere. Not only did the transportation industry itself now represent a huge chunk of the national economy in America and Europe (the U.S. auto industry alone would one day account for nearly 5 percent of the U.S. gross domestic product, or GDP 15), but, more significantly, the new modes of oil-fueled transportation—the ships, trains, aircraft, and especially cars, trucks, and buses—were themselves essential to the new global economy. With cheaper, more reliable transportation, companies could move farther and faster, reaching more customers, delivering more products, exploiting more markets, and responding to competitors far more quickly than before; with oil, in other words, companies could succeed in an economy that favored speed, flexibility, and above all unceasing growth. Even more than had been true of coal, oil was essential to economic success. Between 1895 and 1915, per capita energy consumption in America and other industrialized countries nearly doubled, and much of that growth was in oil.

As with coal in the 1700s, the reciprocal mechanism of supply and demand took root in the oil economy. Greater supply fostered new uses for oil, which in turn spurred even greater demand—and forced industry to reinvent itself. Oil companies that had previously focused on making and selling lamp fuel now had to grow larger and more sophisticated to supply a world economy that increasingly fueled itself with oil. Companies such as Standard Oil, Royal Dutch-Shell, and British Petroleum scrambled to erect a new system of oil wells, pipelines, tankers, and storage depots.16 Drilling technologies improved. Exploration teams learned to "look" for oil deep underground with a technology called seismology. Companies became adept at refining oil, thanks to processes that could efficiently separate the various "fractions" in the crude—gasoline and kerosene, as well as the heavier asphalts and heating oils—for sale to newly segmented markets.

As worldwide oil demand rose—from a mere 500,000 barrels a day in 1900 to 1.25 million barrels a day in 1915 to 4 million by 1929—oil companies looked farther afield for new supplies. British Petroleum wangled a deal with the shah of Persia to exploit huge deposits in what is now southern Iran, while Royal Dutch-Shell found even larger fields in neighboring Iraq. (Saudi Arabia, paradoxically, was dismissed by geologists as a poor oil prospect.) Meanwhile, huge discoveries in Texas, Louisiana, Oklahoma, and California ensured that the United States remained the world's dominant producer.


Inevitably, so much oil on the market caused problems. New fields would be exploited at top volume, subjecting the market to devastating gluts and driving down prices—only to evaporate when the reservoirs ran dry. Refineries were either starved for supplies of crude or were drowning in it. Oil prices whipsawed violently. Many refiners and producers tried to protect themselves from the volatility with "futures" contracts,17 but the larger problem was simply that the two ends of the business—the "upstream" of oil-field production and the "downstream" of refining and marketing, were woefully out of balance. 

The chaos and uncertainty of the oil boom gave rise to a new corporate model that strove to bring the upstream and the downstream back into sync. The pioneer of this new corporate ideal was John D. Rockefeller, whose Standard Oil would become the largest oil company in the world and the template for the modern energy giant. It was Rockefeller who envisioned a vertically integrated industry, in which upstream and downstream meshed in perfect harmony. Whereas other oil companies limited themselves to a piece of the business—production or refining or marketing—Rockefeller and his descendants wanted to control the entire oil "stream," from oil well to gasoline pump. Thus, Standard acquired not just oil fields, but tankers and pipelines, refineries and filling stations.

A man well ahead of his time, Rockefeller grasped the importance of technology and was constantly searching out ways to increase productivity while cutting costs. Above all, he perfected the now-standard strategy of being the lowest-cost producer, making his profits through ever-larger sales volumes, while mercilessly, and often illegally, undercutting his competitors. In market after market, Standard would set up a front company, slash prices so low that most competitors were driven into bankruptcy, then demand that any surviving refiners sell out to Standard. "If you refuse to sell," Rockefeller once explained to a defiant refiner, "it will end with your being crushed."18 At one point, Standard controlled 90 percent of the U.S. market and much of the international market as well.

Ultimately, Rockefeller's great success ran afoul of U.S. antimonopoly laws: in 1914, Standard was forcibly broken into dozens of smaller companies. In a sense, however, Rockefeller's legacy never died. Most of Standard's corporate shards have since been reconstituted into the handful of giants that now control a large chunk of the international oil business; in fact, two Standard spinoffs, Exxon and Mobil, recently merged to form the largest oil company in the world. More to the point, the business model Rockefeller 
pioneered—that of the giant multinational corporation, capable of operating in any market or sector, but dependent for its profits on ever-greater oil production—remains the standard in the energy business. 

***

Even before the fall of Standard Oil, it had become clear that the oil business was more than a business. Although the entire world production was controlled by a small number of private oil corporations, the sense among governments was that oil was too important to be left in private hands—or even trusted to the laws of supply and demand. Even more than coal before it, oil had become so central to the economic well-being of nations that its value went beyond economics: oil was a political commodity, subject not simply to the laws of supply and demand, but to the national agendas. In 1908, less than seven years after Spindletop, Britain took the bold step of converting its entire navy from coal- to oil-powered ships. The intent was to gain an advantage over the coal-fired navy of Germany, then girding for the first of two world wars. But the move was a huge gamble: Britain had plenty of coal but not a drop of oil domestically. By switching to oil, the English were making themselves dependent on a resource that was by definition undependable. "Security of supply" was no longer guaranteed. Britain would now need to protect access to Middle Eastern oil supplies, which meant keeping a navy in the Mediterranean (much as the United States keeps the Fifth Fleet there today). Henceforth, national security would be tied to the ability to maintain access to foreign oil.

In a remarkably short time, oil had moved to the very epicenter of geopolitics. Just as nineteenth-century imperial powers had competed for the colonies with the best sugar and tea and slaves, the industrial powers of the twentieth century maneuvered for the choicest oil regions. Driven by the ravenous demand for oil, Western governments and their able assistants, the international oil companies, vied for control over the hapless oil states of Venezuela, Mexico, Sumatra, Borneo, and especially the Middle East, where European and U.S. diplomats redrew the map to maximize access to oil. As one French diplomat declared during a period of particularly frenzied boundary drawing, "He who owns the oil will own the world."19

Not every oil colony appreciated these new masters. Western "oil imperialism"—by which we mean the collaborative effort between industrial governments and international oil companies to control the oil resources 
of various less advanced countries—was igniting political fires around the globe that would smolder for decades. In 1938, a resentful Mexico went so far as to kick out Shell, Standard, and other Western oil companies and nationalize their assets. Oil executives, rightly afraid that this "socialist" infection would spread to other oil colonies, lobbied Washington to intervene militarily and make an example of Mexico. But Washington had other fish to fry. In a move that presaged its modern-day appeasement of oil sheiks, Washington refrained from scolding the Mexicans for fear that Mexico might ally itself—and, more important yet, its oil—with Japan and Germany, then well along the path to another world war. 

***

Inevitably, as oil became inseparably tied to diplomacy, it became inseparably linked with war as well. Not only did industrialized nations need oil to wage war (the modern army was now a "mechanized" force, with tanks, ships, and planes), but countries increasingly went to war for oil. This was especially true of the Second World War. Lacking domestic oil fields to fuel their industrial and military ambitions, both Nazi Germany and Imperial Japan faced a stark choice: curb those ambitions, or find oil elsewhere. Both chose the latter. In Germany, Adolph Hitler knew his only hope of victory lay in taking the oil fields of the Middle East and Russia (despite a pledge of loyalty to Stalin). In Tokyo, meanwhile, Hirohito's vision of an Asian empire depended heavily on gaining control of the oil-rich East Indies. In fact, when the Japanese bombed Pearl Harbor in December 1941, a primary objective was to sink any U.S. warships that might otherwise have prevented Japanese tankers from reaching Indonesia.

Oil soon became the main war supply, as critical as munitions or labor supply. France and Britain quickly exhausted their own oil supplies and, as they had during the First World War, turned to the United States for help. The United States responded in typical Yankee fashion, opening the taps of the huge fields in Texas and Oklahoma and making sure Allied armies were never without fuel. Desperate to stem this flow of oil, Germany dispatched its deadly U-boats to torpedo U.S. oil tankers as they delivered Texas crude to the eastern seaboard. In the first five months of war, German subs sank fifty-five tankers and littered American beaches with oil slicks and dead sailors.20 Nevertheless, the tide of American oil was unstoppable. Just as England had dominated the energy order in the age of coal, the United 
States, the energy superpower of the twentieth century, was feeding not only its own enormous appetite, but the world's as well. 

Japan and Germany, meanwhile, were not so lucky. Hitler's desperate lunge for the Russian oil fields ended with a catastrophic defeat at Stalingrad. In the Pacific, Japanese oil tankers became sitting ducks for U.S. warships. By the time an American B-29 dropped an atomic bomb on Hiroshima in August 1945, Japan's air force was completely out of fuel. The war was over, and though many factors had contributed, once again, the winners had been those best able to keep the oil flowing. "The Allies had floated to victory on a wave of oil," declared a British official at the end of the First World War. Twenty years later, his assessment was even truer.

***

With the end of the Second World War, any question about the supremacy of oil in the energy order, or of the role that oil would play in the postwar global economy, had been put to rest. Crucial in wartime, oil was now the linchpin for postwar prosperity, the true currency of geopolitical power. Coal might still produce more total energy, but oil fueled the ships and aircraft, the freight trains and automobiles on which military and commercial dominance were increasingly based.

The oil industry itself reflected this ascendance. Enlarged by the demands of war, the oil sector that emerged was more sophisticated, with more fields, pipelines, tankers and terminals, and refining capacity. Oil company research led to a myriad of new oil-based products, from plastics to synthetic rubber, further contributing to the demand for oil. Between 1945 and 1960, as the war-ravaged economies of Europe and Asia were resurrected, worldwide consumption of oil rose sharply, from six million barrels a day to twenty-one million barrels.21 And although some production had been nationalized (oil in Mexico and the USSR was controlled by the state), the lion's share of world production was in the hands of a tiny number of companies—Exxon, British Petroleum, Shell, Texaco, Chevron, Gulf, and Mobil—the "majors," along with a few dozen smaller outfits that somewhat defiantly called themselves independents.

Oil was, for all intents and purposes, the fuel of the twentieth century. Although coal would retain a huge market share in heating and power generation, it would never have oil's political or economic importance or its star status as the world's first geopolitical commodity: to be a world power, 
a nation needed either oil or the money to buy it. Countries like Britain, which lacked domestic supplies, recovered only partially from the war. Producers like Mexico, Venezuela, and Russia enjoyed increasing power in the world economy, while Saudi Arabia, now understood to possess the largest oil reserves of the world, was no longer dismissed as a nation of Bedouin princes and camel drivers. 

At the top of this new energy order stood the United States. By 1960, it was producing seven million barrels a day—one of every three barrels pumped. Just as important, the United States, and U.S. companies, enjoyed increasing influence in oil-rich regions elsewhere in the world, most notably, Saudi Arabia, to which Washington had tacitly agreed to offer military protection in exchange for drilling rights for U.S. companies.

Where the United States truly dominated the world of energy, however, was in consumption. By 1955, the country was using more than a third of all energy produced in the world. Per capita consumption was six times as high as any other nation's. We were using that energy to produce more goods and wealth, to be sure, but we were also simply using more energy, to heat our homes, cool our offices, and, above all, drive our cars. In the decade after the war, the number of passenger cars in America nearly doubled, from twenty-five million to forty-eight million,22 and gasoline consumption doubled as well.23 The age of the automobile was in full swing. Cities like Los Angeles became famous for their car culture, highways, and traffic jams, as well as for the sprawling suburbs and bedroom communities that the automobile culture encouraged.

Yet within this rosy picture of robust energy preeminence, serious problems were emerging. The oil economy, and American dominance in it, had always been predicated on ready supply and on the ability to meet the ceaselessly rising demand simply by pumping more oil or going out and finding more fields. Yet now this paradigm was failing. "Security of supply" was no longer certain. By 1946, America was consuming more oil than it could produce domestically, and for the first time in its history, it became a net oil importer.24 The ramifications were enormous. After fueling the world through two wars, the United States, as one historian noted, "had actually become an importing nation whose East Coast would freeze in winter were it not for the liquid warmth of Venezuela and Arabia."25 Americans would now understand firsthand the anxiety and insecurity that had long afflicted Britain, Europe, and Japan. America would now become that great 
twentieth-century paradox—an economic and military giant whose lifeblood was controlled in other parts of the world. 

And as if to emphasize the precariousness of the new circumstances, "foreign" oil suddenly seemed far less dependable. The anger that had led Mexico to nationalize in 1938 had indeed spread to other oil colonies. As oil's importance swelled, and as it became clear that oil held the key to future power and wealth, foreign producers began to demand a larger share of both. Venezuela raised the price for its oil and began making diplomatic overtures to its oil allies in the Middle East. A far more serious consequence was that Arab nations, enraged by the creation of Israel in 1948, threatened to embargo oil to the United States or any other nation that supported Israel.

Three years later, in yet another sign of things to come, Iran nationalized its oil industry, throwing out the English and American majors. Other oil-rich countries followed suit, and by 1961 they had formed the world's first oil cartel, the Organization of Petroleum Exporting Countries (OPEC). All at once, it seemed that the world oil map was also the map of political instability—nowhere more so than in the Middle East, which was now understood to possess well over half of all the world's oil. In a few short years, a global industry that had largely been controlled by a handful of international oil companies was now mostly in the hands of a new kind of oil entity, the petrostate, as Saudi Arabia, Venezuela, and other oil-rich nations were now called. In a stark reversal of fortune, the majors found themselves fighting for the scraps of world production—the so-called non-OPEC oil—and increasingly that meant looking for oil in ever more remote, ever more challenging places.

It was not simply the business and politics of oil that had become risky. Like coal before it, oil had begun to display its downsides. The production and refining of oil contaminated rivers and lakes, while the exhaust from millions of cars and trucks was creating serious air pollution problems. During the war, Los Angeles had suffered its first "smog" alerts, and by the 1960s, smog was being blamed for poor visibility, health problems, and property damage, even forcing some residents to leave the city.26 Mexico City, London, and Tokyo reported similar problems.

There was another complication as well. In 1970, U.S. oil production hit its peak. The flow from the big U.S. fields began to taper off, and the number of barrels that the majors could bring out began to fall. Imports, 
already a necessity in the U.S. energy economy, suddenly surged. As the reality of America's energy dependence set in, many government and industry officials began to wonder whether a similar trend might not also affect the world supply of oil. Was it possible, despite the oceans of oil then on the market, that production might also peak and decline worldwide? Almost overnight, oil had changed from a factor in economic success to a source of economic and political vulnerability. The age of oil, it now was clear, would be just as susceptible to anxiety as any that had gone before. 
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