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Praise for Power Hungry

“Bryce douses the green energy movement with a cold shower of facts and figures, ones that collectively remind us that a transition to wind and solar power would take decades, that it would be astronomically expensive, that it would make the U.S. reliant on China for turbines, and that it would lead to ‘energy sprawl.’ For all the intuitive appeal of renewable energy, Power Hungry makes a convincing case that decarbonizing the world’s primary energy use will mean letting the sun shine and the wind blow while embracing natural gas as a bridge to nuclear energy.”

—James McWilliams, Freakonomics Blog

“Bryce has compiled a catalogue of hard facts and statistics that puncture just about every myth you will read in breathless accounts of the coming ‘Green Economy’.”

—William Tucker, The American Spectator

“Bryce deftly sets out to debunk the myths of the ever-popular going green campaign and answers more specific technological difficulties and cost containment issues.... His views will undoubtedly be rejected or disbelieved, but he backs up those views with hard evidence provoking readers to do the math for themselves, verify statistics, and basically, check up on him with more than ninety pages of references, statistical appendixes, and energy data notes. This is the must-read book for the twenty-first century.”

—M. Chris Johnson, San Francisco Book Review

“[S]hould be mandatory reading for U.S. policymakers. ... The promise of renewables has consistently been oversold by the political class. Solar and wind energy both suffer from major structural deficiencies.... Our current national energy debate is heavy on passion and hyperbole; it could use a sizable dose of historical perspective and empirical reality.”

—Duncan Currie, The National Review

“I have long known that there is nothing remotely ‘green’ about putting wind farms all over the countryside, with their eagle-slicing, batpopping, subsidy-eating, rare-earth-demanding, steel-rich, intermittentoutput characteristics. But until I read Robert Bryce’s superb and  sober new book Power Hungry, I had not realised just how dreadfully bad for the environment nearly all renewable energy is....

Bryce’s book is more than a demolition of renewable energy. It contains a fascinating and detailed account of the shale gas revolution and of the latest developments in modular nuclear technology. It makes a persuasive case that this century will be dominated by ‘N2N’ energy—natural gas to nuclear—and that the consequence of the rise of both will be continuing steady decarbonisation of the economy. This is the best book on energy I have read. It confirms my optimism—and my rejection of the renewable myth.”

—Matt Ridley, The Rational Optimist

“Bryce is especially good at explaining why fossil fuels have become entrenched as our main energy sources.”

—Philadelphia Inquirer

“A brutal, brilliant exploration.... If Power Hungry sounds like a supercharged polemic, its shocks are delivered with forensic skill and narrative aplomb.... It is unsentimental, unsparing, and impassioned; and, if you’ll excuse the pun, it is precisely the kind of journalism we need to hold truth to power.”

—Wall Street Journal

“His magnificently unfashionable, superlatively researched new book dares to fly in the face of all current conventional wisdom and cant.... I have never yet found any book or author who does a more thorough, unanswerable job of demolishing universally held environmental myths than Mr. Bryce does.... Mr. Obama is reputed to be an omnivorous reader of serious intellectual volumes. He should drop everything else and put Robert Bryce’s invaluable book at the top of his list. So should every senator and Congress member and every self-important, scientifically illiterate pundit in America, right and left alike. They will all learn a lot.”

—Washington Times

“Bryce uses copious facts and research to make a compelling case that renewable sources have their place in our energy future but they aren’t the viable panacea we’re led to believe.”

—Library Journal

“[A] terrific buy for anyone with a strong interest in the nation’s energy supply. ... A full 54 pages devoted to references illustrate the comprehensive research Bryce has done, as well as the quality of his sources. He is at his best destroying many of the myths regarding  renewable energy, providing powerful mathematical proofs that anyone can understand.... The primary theme of this book is the importance of power density. As Bryce thoroughly documents, coal, oil, natural gas, and nuclear power provide such power density while wind, solar, and biofuels do not. You will not find a book on energy that makes this important point more strongly than this one.”

—Jay Lehr, Heartland Institute

“Power Hungry provides a grand tour of our energy landscape in the best journalistic tradition of serving the public good, exposing the cant of received wisdom and using the authority and weight of good numbers to put ideas into proper perspective. Bryce’s numbers provide giant shoulders upon which to stand, allowing us to see farther and better, increasing our knowledge and improving the odds for institutional wisdom. There are few things more important to the world’s life, liberty, and happiness than an enhanced ability to convert abundant energy into high power at affordable cost. Robert Bryce, with buoyant bonhomie, marks the way.”

—Jon Boone, MasterResource.org

“Robert Bryce is an energy realist. So reading him is refreshing. First, because most people when discussing matters of energy are either ill- or misinformed, naïve, liars, or have a personal stake in the policy outcomes. Second, because every time I read something by Bryce, I learn something new.... Power Hungry [is a] laser-like dismantling of the myth that so-called green energy can displace fossil fuels anytime in the near future.”

—Sterling Burnett, National Review Online






“He who refuses to do arithmetic is doomed to talk nonsense.”

JOHN McCARTHY
 computer pioneer, Stanford University









AUTHOR’S NOTE

My daughter, Mary, has many favorite authors. One of them is Shannon Hale, a successful writer of novels for young adults. A while ago, Mary quoted Hale’s writing advice: “Write what fascinates you.”1

Hale’s advice reminds me of just how lucky I am. There is no more complex or more fascinating topic than energy. We use that word—based on the Latin energia—to describe a myriad of different forces, substances, and ideas. These many meanings—whether it’s the chemical energy in a chunk of coal in a Chinese power plant or the kinetic energy in a baseball that’s been tagged for a quick ride into the cheap seats by Bo Jackson’s bat—are too numerous to be encompassed by a single word.

In addition, the scale of energy use and the complexity and importance of the energy business are unmatched by any other industry. The study of energy includes physics, geology, chemistry, engineering, metallurgy, telemetry, seismology, finance, politics, religion, biology, genetics, botany—the list goes on and on. The energy sector has captivated me since I was a child growing up in Tulsa, and no matter how much I study it, I still feel like a rank amateur. And yet, if we are to make wise choices about energy policy, it is essential for all of us—as voters, as owners and managers of businesses, and as policymakers—to understand what energy is, what power is, how they are measured, and which forms of energy and power production make the most sense environmentally and economically.

I have written this book to help people gain that understanding. I have attempted to explain the fundamentals of energy and power production in a way that will enable readers to understand the energy policy debate and make informed decisions. I believe in the relentless application of  logic to our discourse on energy, power, and the future. And so I also wrote this book in the hope that it would help to inform a more careful and reasoned approach to energy use and policy. The need for that approach became evident during the promotion of my last book, Gusher of Lies, which explained why the United States cannot—and will not—be “energy independent.” In the months after the book was published, I heard one question repeated more than any other: Why don’t we use more renewable energy?

That question is of great interest to me because I have invested directly in renewables. I have 3,200 watts of solar photovoltaic panels on the roof of my house in Austin. Although those panels provide about one-third of the electricity that my family and I consume, and provide for a slight reduction in our monthly electricity bill, the capital cost of the panels was quite high, the panels require regular cleaning, and they have not been without problems. I’ve only owned the panels for about five years, and the inverter, which turns the 12-volt power from the panels into 110-volt power that we can use in the house, has already failed once. Luckily, it was still under warranty. But when I’m up on the roof with a long-handled mop every month or so, swabbing those panels, I wonder if they were really worth it.

My personal experiences, as well as the many studies that have been done on both wind and solar, have led me to conclude that those energy sources will remain niche players for the foreseeable future. And yet, many Americans simply don’t want to hear that. The romance of renewable energy is such that we are ignoring logic and common sense as well as hard facts and figures. We must bring more depth to the discussion, more reasoned analysis, more evidence-based decisionmaking, and less emotion and biased thinking.

In this book, I have attempted to make the mathematics as accessible as possible by including plenty of graphics and by showing my calculations in the endnotes. But let me be clear: Deconstructing the vagaries of the world’s biggest industry requires digesting a lot of data. I have chewed on lots of numbers over the past few months, and you will need to gnaw on a few digits, too, if you are to truly understand the issues. If I have made errors in my calculations, or in the text, graphics, or endnotes, please forgive them. These mistakes are mine and mine alone. If  you do find an error, please let me know so that I can correct it in the next edition.

Readers will likely notice that this book contains a number of references to books and articles by Vaclav Smil. I make no apology for that. Smil, who has published about thirty books, has spent most of his long career focusing on energy, and in a sector where cant and hyperbole often dominate, his work stands out for its erudition and clarity. I also make frequent references to the work of Jesse Ausubel. Again, I make no apology. Ausubel is among the foremost energy thinkers in the United States, and his work has helped to shape my approach to energy issues. When I met Ausubel for the first time in Manhattan in September 2008, I asked him to name his favorite authors on energy-related topics. He named Smil and then added, “I am not very interested in what other people are writing. I am interested in data.” Ausubel’s point resonated and I began mining energy data so that I could make my own calculations, draw my own conclusions, and create my own graphics. Too much of our energy discussion is dominated by glib pundits who do not do their own research. In addition to his savvy analytical skills, Ausubel can turn a phrase. A few months after our first meeting, he told me that “other people’s data, like other people’s money, can be perilous.”

Among the main data sources that I mined for this book was the BP Statistical Review of World Energy. BP publishes its data in the form of an Excel spreadsheet, which facilitates the kind of number crunching that is essential in discerning trends. Although every data source has its limitations, the BP Statistical Review has become a standard reference for the energy industry and is trusted by researchers and forecasters around the world.

I would like to thank my friend and colleague Seth Myers for helping to create the figures. Seth is a journalist with a masters degree from the University of Missouri who knows how to make graphics that tell a story.

I would also like to thank my new friend Stan Jakuba, who volunteered to educate me in energy conversions, SI, and the differences between power and energy. He was also a marvelously scrupulous reader who never tired of reading yet another draft of the manuscript—or of advising me to cut yet more words. My longtime friend Robert Elder Jr.  offered encouragement, read many drafts, and continually demanded that I make my arguments more lucid. I appreciate his assistance.

I have been extremely fortunate to have the help of my father-in-law and favorite chemist, Paul G. Rasmussen, a professor emeritus at the University of Michigan, who provided constructive comments on multiple drafts of the manuscript. He patiently tutored me in thermodynamics and taught me about batteries, the periodic table, and the peculiarities of the lanthanides.

I must acknowledge Michael J. Economides, Christine Economides, and Alex Economides, who have been supportive of my work at Energy Tribune and elsewhere, and my friend Mimi Bardagjy, who graciously and punctiliously helped me with fact-checking. My agent, Dan Green, continues to be a wonderful sounding board and friend.

In addition I would like to thank the people at PublicAffairs, including the publisher, Susan Weinberg, and editor-at-large Peter Osnos. Susan and Peter, along with Tessa Shanks, Whitney Peeling, and Clive Priddle, are real pros. My favorite person at PublicAffairs, Lisa Kaufman, has edited all four of my books with patience and keen insight. She worked me like a sled dog, but she understood how I needed to structure this book to make it more readable. I am extremely lucky to have such a skilled editor and such a dear friend.

I would also like to thank the following: Chris Cauthon, Becca Followill, John Harpole, Art Smith, John Olson, Randy Hulme, Mark Papa, Buddy Kleemeier, George Kaiser, Tad Patzek, Mark Mills, J. Paul Oxer, Bryan Shahan, Violet and Ronald Cauthon, Hans Mark, Vic Reis, Pierre-Rene Bauquis, Bertrand Barré, Jarret Adams, Patricia Marie, Joe Bryant, Porter Bennett, Swadesh Mahajan, Joe Craft, Eric Anderson, Terry Thorn, A. F. Alhajji, Fred LeGrand, Donald Sadoway, Harold Weitzner, Martin Snyder, and Bill Reinert.

Since this book is about energy, here are a few factoids that might be of interest: It was written with a MacBook Pro (equipped with a 2.5 GHz Intel Core 2 Duo processor) attached to a 30-inch Apple monitor. Together, the computer and monitor draw about 180 watts (0.24 horsepower). I use a Brother laser printer that draws about 12 watts in standby mode. The primary software programs were Microsoft Word for Mac 2004, Excel, and NoteTaker. I’ve bragged about NoteTaker before. It’s  indispensable. During the course of writing this book, I conducted more than 200 interviews, created about 150 Excel spreadsheets, read and clipped about 500 news articles, created about 200 graphic files, and purchased and read (or skimmed) about four dozen books.

Last but not least, I must acknowledge my trophy wife, Lorin, and our trophy children, Mary, Michael, and Jacob, who were frequently ignored during the writing of this book. I have to say it in every book, so here goes: Lorin, children, I love you more than chocolate.

Austin, TX 
31 January 2010






INTRODUCTION

The Cardinal Mine

A Point of Beginning

 

 

 

 

WHEN PETE HAGAN hits the right seam, he can mine a dozen tons of coal in 45 seconds. Working an array of toggle switches mounted on a radio-controlled panel hanging from a dusty strap around his neck, he stands a few feet behind a snarling orange mining machine as it assaults an 8-foot-high wall of bituminous coal.

Hagan deftly toggles a switch and the massive, low-slung machine made by Joy Mining Machinery lurches a few feet forward.1 Sparks fly off the wall of coal as the huge rotating drum of carbide-steel claws rips in. The dark workspace boils over with dust and noise. The narrow beams from the electric lamps on our hard hats bounce around the cavern, barely piercing the surging cloud of coal dust. Within seconds the dust subsides as water hisses from jets on the mining machine, dousing the coal shooting through that voracious maw. The conveyor belt on the machine’s tail slams hundreds of pounds of coal rearward through its gullet onto a “shuttle car”—a long, big-wheeled, electric-powered vehicle that ferries the coal from the mining machine to a string of conveyor belts that whisk the fuel to the surface.

The shuttle car overflows with black rocks. The vehicle’s driver, sitting in a windowless cab slung on the side, snaps a silver lever, and the machine lurches into reverse and quickly vanishes around a corner in the barely lit underground labyrinth. For 20 or 30 seconds, while waiting for another shuttle car to appear, Hagan has a chance to talk.

Visitors are rare here, 600 feet below the rolling woodlands and farmland of western Kentucky. A quick interview yields the relevant facts: Hagan has been mining coal underground for thirty-six years—and he likes it. In a soft, slow drawl, he explains the various buttons and switches on the control panel for the mining machine. The brick-sized battery clamped to his belt powers the control panel for the mining machine as well as for the lamp clipped to the front of his hard hat. “This one controls the height of the rotor,” he explains, flipping a switch that sends the massive, steel-toothed rotor roaring to life. As he wipes the dust off the switches to display the labels on the panel, an empty shuttle car whooshes into view. Without a word, Hagan returns to work, turning the fury of the mining machine back on the coal seam. Within a minute, the new car is filled to overflowing, and, like the one before it, disappears to disgorge its load.

It’s a loud, dusty, claustrophobic ballet of horsepower, hydraulics, and brute force. And it is producing what may be the U.S. economy’s single most essential commodity: inexpensive energy.

Given the way the energy business is portrayed by politicians, environmental advocates, and various promoters of “green” energy, Hagan and his fellow miners, the mine, the machinery—the entire operation—should be an anachronism. We’ve repeatedly been told that the modern world of Google, GPS, and HD video will be powered by statuesque wind turbines and shimmering solar panels. The Cardinal Mine is a relic of the nineteenth century, not the vanguard of the twenty-first—or at least that’s what the politicos, environmental activists, and promoters have been claiming.

But far from being outdated, the mine, owned by Tulsa-based Alliance Resource Partners, is among the most productive underground coal mines in the United States. The mine, the thirty-fifth largest in America, produces about 6 tons of coal per miner work-hour.2 That’s about two times the national average for underground coal mines.3

Shortly before Eric Anderson, the tall, boyish-looking manager of the Cardinal Mine, took me underground, we sat in his office running through the mine’s numbers. “We typically mine coal for sixteen hours every day, Monday through Friday,” said Anderson, a burly, friendly guy who got his degree in mine engineering from West Virginia University.  About one hundred employees are working underground at any given time. In 2008, the mine produced about 15,350 tons of high-sulfur bituminous coal per day, most of it burned by electric utilities within the state of Kentucky.4

As Anderson cleared maps and other papers from the table adjacent to his desk, I asked him for the heat content of the coal. His reply: about 12,500 Btu (British thermal units) per pound. I pulled out my laptop and converted the mine’s output into its equivalent in barrels of oil. The numbers were surprising, even to Anderson. The mine produces the raw energy equivalent of 66,000 barrels of oil per day.5 And that number—66,000 barrels of oil equivalent—provides a useful metric for understanding what too few of the people who are preaching the glories of the green future seem to grasp: the enormous scale of our energy consumption.

On an average day, the energy output of the Cardinal Mine is nearly equal, in raw energy terms, to the daily output of all the solar panels and wind turbines in the United States. It’s hard to imagine—and it’s probably a bit painful to accept, particularly given the coal industry’s lousy public image and the ongoing campaign by environmental groups to reduce coal use and carbon dioxide emissions. But it’s true.

Before I demonstrate why, readers should be forewarned that this book contains a lot of numbers. Rest assured, the calculations involved are straightforward and are based on easily verifiable data. Fancy math skills are not required; you need have only a willingness to engage in basic arithmetic. But if we are going to understand our energy challenges, then we must be willing to delve into the data and fearlessly confront the numbers.

So here is the first set of numbers: In 2008, the United States produced 52,026,000 megawatt-hours of electricity from wind and 843,000 megawatt-hours from solar, for a total of 52,869,000 megawatt-hours.6 That’s equivalent to about 88,300 barrels of oil per day.7 Thus, on an average day, by itself, the Cardinal Mine, which has about 400 people on its payroll, produces about 75 percent as much raw energy as all of the wind turbines and solar panels in the United States.8

Now let’s be clear, the energy coming out of the mine—that 66,000 barrels of oil equivalent in the form of black rocks—is not the same as  the highly ordered electrical energy that comes out of those wind turbines and solar panels. About two-thirds of the heat energy in coal gets lost when it’s burned to produce electricity. Nor does the 66,000 barrel figure reflect the mine’s energy inputs. The Cardinal Mine has a big appetite for electricity, diesel fuel, water, steel rods, and cinder blocks. Therefore, the net energy produced by the mine is substantially less than 66,000 barrels of oil equivalent per day. Furthermore, that figure doesn’t account for the devastation that the global coal industry inflicts on the surface of the Earth through strip mines, mountaintop removal, or the massive ash ponds at power plants. Nor do the figures account for the miners who die each year in the world’s coal mines, or the pollutants—sulfur dioxide, soot, and mercury, to name just a few—that are emitted when coal is burned.

I’m not providing the numbers from the Cardinal Mine as a defense—or criticism—of coal. Instead, the 66,000 barrels of oil equivalent figure provides us with a metric—a place that land surveyors call a Point of Beginning—that allows us to begin separating the energy rhetoric from the energy reality.9 And it is important to make clear just how different rhetoric and reality can be when it comes to energy production and use, because Americans are woefully uninformed about the subject, despite the intense interest that energy and the environment have been getting over the past few years.

We use hydrocarbons—coal, oil, and natural gas—not because we like them, but because they produce lots of heat energy, from small spaces, at prices we can afford, and in the quantities that we demand. And that’s the absolutely critical point. The energy business is ruthlessly policed by the Four Imperatives: power density, energy density, cost, and scale. The purpose of this book is to bring those factors alive; in doing so, to explain why the transition away from hydrocarbons will be a costly and protracted affair; and to point the way toward viable energy policies and priorities for the next few decades.

Over the past century or so, the United States has built a $14-trillion-per-year economy that’s based almost entirely on cheap hydrocarbons. 10 No matter how much the United States and the rest of the world may desire a move away from those fossil fuels, the transition to renewable sources of energy—and to no-carbon sources such as nuclear  power—will take most of the twenty-first century and require trillions of dollars in new investment. So, given the Four Imperatives and the stark realities posed by the long energy transition that lies ahead, what are we to do?

FIGURE 1 Annual U.S. Energy Production: Comparing Wind and Solar with Other Energy Sources
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Sources: Energy Information Administration, South Texas Nuclear Operating Company, and Alliance Resource Partners.

That question brings us to the other purpose of this book: to debunk some of the energy myths that have come to dominate our political discussions and to lay out the best “no-regrets” energy policy for the United States and the rest of the world. Analysts have coined the term “no regrets” to describe policies that benefit the economy while also reducing emissions of carbon dioxide and other greenhouse gases. After explaining why so many of the “green” technologies now being promoted simply won’t work, I will look at the sources that can provide large amounts of energy while also benefiting the economy and the environment.

Of course, there’s tremendous political appeal in “green jobs,” a “green collar economy,” and in what U.S. President Barack Obama calls a “new energy future.”11 We’ve repeatedly been told that if we embrace  those ideas, provide more subsidies to politically favored businesses, and launch more government-funded energy research programs, then we would resolve a host of problems, including carbon dioxide emissions, global climate change, dependence on oil imports, terrorism, peak oil, wars in the Persian Gulf, and air pollution. Furthermore, we’re told that by embracing “green” energy we would also revive our struggling economy, because doing so would produce more of those vaunted “green jobs.”

These claims ignore the hard realities posed by the Four Imperatives. It may be fashionable to promote wind, solar, and biofuels, but those sources fail when it comes to power density. We want energy sources that produce lots of power (which is measured in horsepower or watts) from small amounts of real estate. And that’s the key problem with wind, solar, and biofuels: They require huge amounts of land to generate meaningful amounts of power. And although the farm lobby loves biofuels such as corn ethanol, that fuel fails on two counts: power density and energy density. Corn ethanol production requires vast swaths of land, and the fuel that it produces is inferior to gasoline because it is corrosive, it is hydrophilic (meaning it loves water, and adding water to your motor fuel is not a good idea), and it contains just two-thirds of gasoline’s heat content.

I’ll discuss the Four Imperatives throughout this book, but for now, suffice it to say that power density and energy density are directly related to the other two imperatives: cost and scale. If a source has low power density, it invariably has higher costs, which makes it difficult for that source to scale up and provide large amounts of energy at reasonable prices.

Despite these realities, the deluge of feel-good chatter about “green” energy has bamboozled the American public and U.S. politicians into believing that we can easily quit using hydrocarbons and move on to something else that’s cleaner, greener, and, in theory, cheaper. The hard truth is that we must make decisions about how to proceed on energy very carefully, because America simply cannot afford to waste any more money on programs that fail to meet the Four Imperatives. And that’s particularly true now. The economy is weak, millions of Americans are unemployed, and record numbers of homes are in foreclosure. We’ve already wasted plenty of cash—and time—on the corn ethanol scam and  other boondoggles. Congressional mandates forcing motorists to buy ethanol-blended gasoline were supposed to reduce America’s dependence on foreign oil and bring energy independence to the United States. Instead, these measures only worsened air quality, increased food costs, damaged untold numbers of engines, and slashed the amount of grain available in the global marketplace.12

People in the United States and around the world are hungry for power. They want it for their cars, motorcycles, and lawnmowers, and they want it for their flat-screen TVs, mobile phones, computers, and Cuisinarts. They want power because power drives those devices and in doing so creates wealth and increases personal happiness. And although this book will expose many of the myths about “green” energy, it will deliver some good news about America’s situation. It will demonstrate that the smartest, most forward-looking U.S. energy policy can be summed up in one acronym: “N2N”—natural gas to nuclear.

Natural gas and nuclear power are the fuels of the future because they have high power density, are relatively low cost, and can provide the enormous quantities of energy we need. In addition, they produce lower carbon-dioxide emissions than oil and coal and almost zero air pollution. N2N means using natural gas in the near term as we transition to nuclear power over the long term.

N2N will work because the United States sits atop gargantuan natural gas resources. Over the past few years, the U.S. natural gas industry has developed technologies that wring natural gas from shale beds. Thanks to those technological breakthroughs in the production of what the industry calls “unconventional gas,” estimates of U.S. gas resources are larger than they’ve ever been before. How large? U.S. gas resources are thought to contain the energy equivalent of more than 350 billion barrels of crude oil, or roughly as much as the known oil reserves of Saudi Arabia and Venezuela combined.

Of course, much of that gas won’t be produced, because of its cost or its distance from pipelines. Nevertheless, the revolution in shale gas production, along with continuing discoveries of offshore gas deposits and drilling success for onshore conventional gas, has led gas analysts to increase their estimates not only of U.S. gas resources but of global gas resources as well. In November 2009, the International Energy Agency  (IEA) estimated that recoverable global gas resources now total about 30,000 trillion cubic feet.13 At current global rates of consumption, that’s enough to last for 280 years.14

Though natural gas offers enormous near-term potential, our long-term energy plans must include nuclear—and before going further, let me be clear about where I stand on nuclear power: If you are anti–carbon dioxide and anti-nuclear, you are pro-blackout.

There is no other low- or no-carbon form of electricity generation that can provide relatively large amounts of new power generation at a relatively agreeable cost and do so relatively soon. And the key word in that sentence is “relatively.” There is no question that nuclear power will be expensive. It will also require substantial governmental involvement if it is to be safe and affordable. And though nuclear power has big up-front costs, particularly in comparison with several other forms of electricity generation, it also provides the essential always-on power that our society demands. It is the only existing source that offers a long-term, large-scale, zero-emissions alternative to coal- and natural-gas-fired power generation. Obama understands this—or at least he appears to. In an April 2009 speech in Prague, he said, “We must harness the power of nuclear energy on behalf of our efforts to combat climate change.”15

Despite Obama’s statement, and despite the ongoing political push for more low- or no-carbon forms of energy, environmental activists remain adamantly opposed to nuclear power generation. In 2005, some three hundred environmental groups—including Greenpeace, the Sierra Club, and Public Citizen—signed a manifesto that said, “We flatly reject the argument that increased investment in nuclear capacity is an acceptable or necessary solution.... Nuclear power should not be a part of any solution to address global warming.”16

That position ignores nuclear power’s many benefits. Nuclear power not only has zero carbon-dioxide emissions, it also produces very small amounts of waste, requires little real estate, and provides large quantities of always-on power. It does, however, come with two significant drawbacks: Nuclear power plants are expensive, and they take years to build and put into operation. Thus, achieving a substantial increase in nuclear power production in the United States will take decades. In the meantime, natural gas provides the most attractive option.

Together, natural gas and nuclear are essential to the ongoing decarbonization of the world’s primary energy use, a trend that has been ongoing for about two hundred years. Decarbonization, the trend favoring fuels with lower carbon content, is occurring because energy consumers are always seeking cleaner, denser forms of energy that allow them to do work cleaner, faster, and more precisely. Embracing N2N offers a no-regrets energy policy that will lead to further decarbonization while providing multiple benefits to the United States and the rest of the world.

The structure of this book follows the basic outline contained in the title. In Part 1, I discuss our hunger for power, how much we use, where it comes from, and why our desire for power of all kinds continues to increase. I show that the deluge of criticism about how Americans “use too much energy” is off base, and I describe the sheer scale of our power consumption, explain why we use hydrocarbons such as coal, oil, and natural gas, and show why we’ll keep using them for a long time to come.

In Part 2, I debunk many of the myths that people believe about “green” energy by showing that renewables are not the solution to our environmental problems. I demonstrate that wind power is the electricity sector’s equivalent of the corn ethanol scam. Like ethanol, wind power is a subsidy-dependant juggernaut that is the antithesis of “green.” I show that wind power has not and likely will not make substantial cuts in carbon dioxide emissions, and I take a hard look at a country that—in theory, at least—is supposed to provide a model for the United States and other nations embarking on wind power: Denmark. I have some fun at the expense of T. Boone Pickens by exposing the false claims contained in “Pickens Plan,” and I show why the hype over ideas such as carbon capture and sequestration, cellulosic ethanol, and electric cars is just that—hype.

In Part 3, I demonstrate why N2N makes so much sense. I look at the megatrends that favor natural gas and nuclear, provide a brief history of the U.S. gas business, and explain how the U.S. natural gas industry has unlocked galaxies of methane from rocks that were once thought to be impossible to tap. I also explore the technologies that could enable us to address the problem of nuclear waste and those that could help us to revive the U.S. nuclear sector.

That’s the outline. But before going further, let me add one other important point about my perspective in this book: There’s no political agenda at work here. I am neither Republican nor Democrat. I’m a charter member of the Disgusted Party, a raging centrist, and a recovering liberal. My energy policy is simple: I’m in favor of air conditioning and cold beer. My motivation for writing this book comes from a desire to break through the energy happy-talk so that the United States can have a serious discussion about its future. Energy realities are not dictated by the ideologies of the Left or the Right. They are determined by the laws of physics and the brutal realities of big numbers.

In one of the best-selling business books of all time, Good to Great: Why Some Companies Make the Leap ... and Others Don’t, author Jim Collins explained the factors that separate great companies from the also-rans. Among the most essential was that companies that do well confront the brutal facts.17 In a section called “Facts Are Better Than Dreams,” Collins said that successful organizations had a rigorous process of disciplined thought. While making strategic decisions, smart companies “infused the entire process with the brutal facts of reality.”18

We must confront the brutal facts about energy. But as we do so, there’s plenty of reason for optimism. If we are smart, we face a bright future; that future need not be one of energy shortages and energy crises, but instead can be one of energy abundance. The key words in that last sentence are “if we are smart.” And that’s the challenge. Over the past few years, American voters have been bombarded with nonsense about energy, and much of that nonsense has been embraced. One reason the American public has believed the nonsense is that many of us are woefully ignorant about science and math. Add in a dollop of guilt and a few drams of fear, and it becomes apparent why the United States is in such a quandary.

But first things first. Before we can debunk the nonsense, we must understand the difference between energy and power.






PART I

OUR QUEST FOR POWER





CHAPTER 1

Power Tripping 101

WE DON’T GIVE A DAMN about energy. What we want is power.

Differentiating between the two is essential. Here’s the simplest way to do so: Energy is the ability to do work; power is the rate at which work gets done.1 The more power we have, the quicker the work gets done. And in our speed-obsessed world, we are constantly finding ways to use more power—from a handful of electrons racing through the thinnerthan-a-human-hair circuits of a microprocessor to the vast quantities of thrust developed by the jet turbines on a Paris-bound 767.

We don’t care what energy is. We want what energy does. We would gladly fill our fuel tanks with jelly beans, marbles, or Hostess Twinkies if they could deliver the power needed to propel our Camrys and Suburbans to places like Wasilla or Waxahachie. We aren’t after energy, we are after what energy provides. And what energy provides is power. We use energy to make power. We convert energy—measured in barrels of oil, tons of coal, and cubic feet of gas—into power, which we tabulate in watts or horsepower.

Much, if not all, of human history can be seen as the pursuit of increasing amounts of power. Whether it’s the Egyptians and the Mesoamericans coordinating and harnessing hordes of human muscle to build the pyramids, the use of horses in warfare, Hannibal’s use of elephants to cross the Alps in 218 B.C., the first use of steam to drive a piston, the gallop of General George Patton’s tanks across France in the summer of 1944, or the Saturn V rockets (which produced 160 million  horsepower, or 120 gigawatts) that catapulted American astronauts to the Moon, there has been a consistent, millennia-long effort to find and utilize more power.2

Power allows us to do things that make us happy, wealthy, and comfortable. Power gets us up in the air and down the road. Power fetches the e-mail, makes the coffee, and bakes the cake. Power allows us to cut the grass, roast the turkey, cool the beer, fly to Rome, and, of course, keep the lights on. While those facts may seem self-evident, here’s the essential truth about our power-driven world: The overwhelming majority of the power we use comes from hydrocarbons because they can provide us with the reliable and abundant power that we desire.

Today, 90 percent of the horsepower we use (or, if you prefer, 9 out of every 10 watts) comes from the burning of oil, natural gas, and coal.3 And the key attribute of hydrocarbons is their reliability. Renewable energy is dandy, but it simply cannot provide the gargantuan quantities of always-available power that we demand at prices we can afford. The production of electricity from the wind and the sun will continue growing rapidly in the years ahead. But those sources are incurably intermittent. As Stewart Brand, the environmental activist and creator of the Whole Earth Catalog, put it during a lecture in mid-2009, “wind and solar can’t help because we don’t have a way to store that energy.”4 Given our inability to store the energy that comes from wind and solar, those sources will remain bit players in our overall energy mix for the foreseeable future.

After two decades of studying the energy business, I believe those points about energy and power are self-evident. They are not based on ideology; instead, they are grounded in basic physics and basic math. I’m not opposed to environmental protection. Far from it: I’m a birdwatcher and a beekeeper. But now that I’ve reached middle age, I’ve finally learned how to use a calculator. Using that device—as well as a bunch of Excel spreadsheets and basic textbooks on physics—has forced me to become a realist on energy issues. And therein lies my frustration: As I’ve become more pragmatic, our public discourse about energy and energy policy has gone the other way. Discussions about energy matters—which are usually accompanied by arguments about climate change—have devolved into a vitriolic, divisive mess where facts and reasoned argument are largely ignored. In their place we hear vituperative  attacks on the “deniers,” adolescent arguments about whose fault it is or isn’t that the climate is changing, and outlandish claims about the speed with which the United States can (or should) transform its multitrillion-dollar energy and power delivery systems into “greener” ones. Scientists, journalists, and analysts who dare question the apocalyptic predictions of the global warming alarmists are likely to feel the electronic wrath of bloggers such as Joe Romm, the self-appointed Savonarola of the Al Gore acolytes.5

Since September 11, 2001, the United States and the rest of the Western world has been inundated with claims that we should radically change our energy (and power) diet, and do so immediately. We’re told that we should abandon our existing systems for something new, something that’s low-carbon, solar-powered, wind-powered, or, better yet, powered by the energy sector’s single most desired element: unobtanium.

It doesn’t seem to matter where the new power will come from as much as it does that we all agree that moving to something else—anything else—is a really good idea. We must, we’re told, make a hurried energy transition, because:• The United States should be “energy independent.” Doing so will free us from the vagaries of the world energy market and increase employment here in America.
• We can no longer rely on oil from the Middle East. The suppliers in the region—and Saudi Arabia, in particular—are not our friends. And the Second Iraq War provides further evidence of our unhealthy obsession with the region.
• Cutting oil use will reduce terrorism. This is a favorite claim of neoconservative politicos such as former CIA director James Woolsey and his fellow traveler Frank Gaffney, the head of the Center for Security Policy, a right-wing think tank based in Washington, D.C. In January 2007, Gaffney declared that “some of the hundreds of billions of dollars we transfer each year to various petroleumexporting nations wind up in the hands of terrorists. This is not simply an addiction. It is a death wish.”6 
• Hydrocarbons are bad. Using them, says one Sierra Club official, is “fossil fuelish.”7 If we don’t kick the hydrocarbon habit, we’re told,  disastrous climate change will result. Burning coal, oil, and natural gas releases carbon dioxide, which causes global warming. Therefore, hydrocarbons must be replaced with something else, or we will all burn in hell, or something just like it.
• We must quit using oil because we are running out of it. The world will soon reach—or has already passed—its ability to produce increasing amounts of petroleum. This peak in oil production presages a global economic meltdown because we have no substitutes for oil.



These claims seem plausible, and in some cases, they are being put forward by credible people. But they are largely based on faulty assumptions. The promoters of these arguments have gained traction in recent years because the overwhelming majority of the American public simply isn’t equipped with the facts. The arguments are often designed as flag-waving, emotional appeals that are accompanied by a big dose of fear, and as a consequence the U.S. public has been primed to believe that an overhaul of our energy system is not only essential, it’s patriotic and spiritually righteous, it’s good business, and it will once and for all cure the problems of halitosis and premature baldness.

Here’s the reality: Whether the issue is oil imports, carbon dioxide emissions, or a peak in global petroleum production, we live in an increasingly interdependent world.8 With regard to oil and imports, the promoters of energy autarky ignore a myriad of inconvenient truths. Among them: During the first six months of 2009, the United States exported—yes, exported—an average of 1.9 million barrels of oil per day.9 At that level, U.S. oil exports are on par with countries such as Angola and Venezuela.10 Of course, the vast majority of those exports are refined products, not crude. Why has the United States become a major player in the international oil market for refined products? Because U.S. refineries are among the best in the world, and they can produce the types of fuels the global market demands. Thus, the United States, the world’s biggest importer of oil, is also one of its biggest exporters, and it has been a major exporter for years. So here’s a tip: The next time you hear somebody promoting “energy independence,” grab your wallet. Whatever they are proposing to achieve that delusional goal will surely cost you money.

As for terrorism, the very nature of the global oil market—the biggest, most integrated, most transparent market ever created—undermines the claim that using less oil will somehow result in a reduction in the tactics of terror. Although it’s true that some petrostates have ties to terrorism—Iran being an obvious example—it’s just as true that Iran and other oil exporters cannot be isolated from the global oil market. Terrorism isn’t an ideology, it’s a tactic, a cheap tactic, and it doesn’t depend on petrodollars. In May 2009, the Rand Corporation, one of the oldest defensefocused think tanks in Washington, released a report concluding that America’s “reliance on imported oil is not by itself a major national security threat.” The report went on to debunk the claim that oil and terrorism are related, saying, “Terrorist attacks cost so little to perpetrate that attempting to curtail terrorist financing through measures affecting the oil market will not be effective.”11

Many people may be worried about peak oil, but those concerns frequently ignore the fundamentals of the marketplace. Prices and technology are always combining to unlock hydrocarbons that were once thought unreachable. Let’s look at just one month: September 2009. During that month alone, several companies announced major oil and gas finds. For instance, BP announced that its Tiber prospect in the Gulf of Mexico may hold more than 3 billion barrels of oil.12 That well was drilled in 4,100 feet of water to a depth of 35,000 feet.13 On September 11, the Spanish energy firm Repsol announced the biggest natural gas discovery in Venezuela’s history. The discovery, located in the Gulf of Venezuela in a water depth of about 200 feet, may contain 8 trillion cubic feet of gas, the energy equivalent of about 1.4 billion barrels of oil.14 Five days later, Anadarko Petroleum announced the Venus find offshore Sierra Leone, and the company said that the geology of offshore West Africa appears favorable for hydrocarbons along a line some 700 miles long that goes through Liberia, Cote d’Ivoire, and Ghana.15 In addition, Petrobras, the Brazilian national oil company, announced yet another major offshore discovery. This one involved a big pool of hydrocarbons underneath more than 7,000 feet of water in the Santos Basin, an area south of Rio de Janeiro.16

Just for grins, let’s suppose that Petrobras and the other big companies decided to suddenly stop looking for more oil. Even if that unlikely  event occurred, the world still has about 1.25 trillion barrels of proved reserves waiting to be tapped. That’s a lot of petroleum—about forty-two years’ worth at current rates of production.17 Sure, the world will one day hit its peak in oil production—or perhaps that peak has already passed. Whatever the case, we will keep using oil for decades to come, and our consumption will rise or fall depending on the price. Commodities have always been rationed by price. Oil is a commodity, and as the price of that commodity increases, the rationing of oil will become more pronounced and we will be forced to use petroleum more efficiently.

Global climate change and carbon dioxide emissions are the causes du jour. There is a widespread belief that if the people of the world do not unite to drastically reduce their carbon dioxide output, then catastrophic climate change will occur. In fact, some environmental activists have decided that the optimum level of carbon dioxide in the global atmosphere should be 350 parts per million. (By late 2009, the concentration was about 390 parts per million.) On October 24, 2009, the supporters of the 350 parts per million target conducted more than 4,000 synchronized demonstrations around the world. Their aim: to build a “global community” to support the 350 ppm goal.18 The chairman of the Intergovernmental Panel on Climate Change, Rajendra Pachauri, has said he is “fully supportive” of the 350 ppm goal.19 In November 2009, former vice president Al Gore, appearing on the Late Show with David Letterman, declared that unless the people of the world took drastic action to curb carbon dioxide emissions, it could be “the end of civilization as we know it.”20

Gore may be right. It’s also possible that he’s wrong. In many ways, Gore’s opinion doesn’t matter, because no matter how much the United States may want to lead the effort to reduce carbon emissions, it cannot, and will not, be able to substantially slow the increasing global use of coal, oil, and natural gas. Why? There are simply too many people living in dire energy poverty for them to forgo the relatively low-cost power that can be derived from hydrocarbons. (I will discuss carbon dioxide emissions at length in Part 2.) For proof of that, consider the per-capita carbon dioxide emissions in the world’s most populous countries. From 1990 to 2007, the per-capita emissions of carbon dioxide in the United States fell by 1.8 percent. But during that same time period, per-capita emissions soared in Brazil, China, India, Indonesia, and Pak-istan.  Those five countries contain more than 3 billion people, and their energy-consumption patterns are being replicated in nearly every major developing country on the planet.

FIGURE 2 Percentage Change in CO2 Emissions Per Capita in the Six Most Populous Countries, 1990 to 2007
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Source: International Energy Agency, “CO2 Emissions from Fuel Combustion 2009,” http://www.iea.org/co2highlights/co2highlights.pdf, 90–91.

That reality was reflected in Copenhagen in December 2009 when leaders from 192 countries met for what the Associated Press called “the largest and most important UN climate change conference in history.”21 After two weeks of wrangling and lofty rhetoric, the meeting ended with an eminently predictable result: no legally binding agreement on any reductions in carbon emissions, only a promise to reduce emissions “individually or jointly,” and an agreement to meet again a year later in Mexico City to discuss all of the same contentious issues one more time.22

In short, all of these concerns, from worries that we have reached (or will soon reach) a peak in oil production and are (or will soon be) entering a period of inevitable decline, to the alarmist cries over impending global warming—and the supposed solutions to them—hinge on the belief that the transition away from hydrocarbons to renewable resources can be done quickly, cheaply, and easily.

That. Is. Not. True.

Tomorrow’s energy sources will look a lot like today’s, because energy transitions are always difficult and lengthy. “There is one thing all energy transitions have in common: they are prolonged affairs that take decades to accomplish,” wrote Vaclav Smil in November 2008. “And the greater the scale of prevailing uses and conversions, the longer the substitutions will take.”23 Smil, the polymath, prolific author on energy issues, and distinguished professor at the University of Manitoba, wrote that while a “world without fossil fuel combustion is highly desirable ... getting there will demand not only high cost but also considerable patience: coming energy transitions will unfold across decades, not years.”24

Indeed, energy transitions unfold slowly and are always under way whether we recognize them or not. Between 1973 and 2008, the amount of electricity generated in the United States with nuclear reactors increased by more than 800 percent. Nuclear power now accounts for about 20 percent of the electricity generated in America. But for the average homeowner whose immediate interest is in sweeping the carpet or baking a pie, that transition has been invisible. For the consumer, the electricity that comes out of the wall socket is a commodity. How it is generated is of little interest. The key concern for the consumer was, and continues to be, that electricity remain cheap and always available.

The $5-trillion-per-year global energy business dwarfs all other sectors of the economy.25 Given its size, and given that any major energy transition will take decades, we must carefully analyze the various energy sources to determine which ones can satisfy the Four Imperatives: power density, energy density, cost, and scale. Using those metrics will help us to confront the brutal facts, winnow out the pretenders, and increase the consumption of the winners.

But before we begin that winnowing process, we must take a look back in order to understand how we got to this place in U.S. energy history. That requires calling out some of the energy posers who claim to have the answers while also taking a hard look at the underlying causes of America’s energy unease. And much of that unease comes from three factors: guilt, fear, and ignorance—the deadly trio that has been incarcerating the human mind for millennia.






CHAPTER 2

Happy Talk

THE TELEVISION NEWS industry has a great term: “happy talk.” Producers work to make sure that every second of TV airtime is filled with scripted content. But try as they might, they often find themselves with several seconds of unfilled air time that must be made to look purposeful. On some occasions, in an effort to make their newsreaders appear more likeable to viewers, TV producers may ask the talking-heads to engage in some friendly banter to fill the airtime between news segments and commercial breaks. These chummy bits of patter are called—you guessed it—happy talk.

Over the past few years, Americans have been inundated with energy happy talk. And it has come from personalities ranging from Dallas billionaire T. Boone Pickens and former vice president Al Gore to New York Times columnist Thomas Friedman and media darling Amory Lovins, the chairman and chief scientist at the Rocky Mountain Institute, a Colorado-based think tank.

For Pickens, the bogeyman to be slain is foreign oil. For Gore, the villain is carbon dioxide. And while the sin to be cured varies with the preacher, the message of deliverance is largely the same: Repent. Give up those evil hydrocarbons and embrace the virtues of renewable energy before you face the eternal damnations of foreign oil, global warming, and a carbon footprint that’s bigger than Boone Pickens’ ego.

Lovins is among the most quoted purveyors of energy happy talk. In 2007, he wrote a short piece called “Saving the Climate for Fun and  Profit” in which he said that curbing carbon dioxide emissions “will not cost you extra; it will save you money, because saving fuel costs less than buying fuel.”1 In 2008, he claimed that the issues of “climate change, oil dependence, and the spread of nuclear weapons—go away if we just use energy in a way that saves money, and since that transition is not costly but profitable, it can actually be led by business.”2 Venture capitalist Vinod Khosla is another veteran happy talker. In May 2006, Khosla claimed that making motor fuel out of cellulose was “brain dead simple to do” and that commercial production of cellulosic ethanol was “just around the corner.”3 Ten months later, Khosla was once again hyping cellulosic ethanol, saying that biofuels could completely replace oil for transportation and that cellulosic ethanol would be cost-competitive with corn ethanol production by 2009.4 Alas, Khosla’s crystal ball turned out to be somewhat cloudy. By late 2009, despite hundreds of millions of dollars in venture-capital investment in cellulosic ethanol companies, not one of those efforts had been successful in producing significant quantities of the fuel for commercial use.

In July 2008, Al Gore, winner of the Nobel Peace Prize, declared that the United States should “commit to producing 100% of our electricity from renewable energy and truly clean carbon-free sources within 10 years.”5 Four months later, in an op-ed in the New York Times, Gore said the nation must replace “dangerous and expensive carbon-based fuels with 21st-century technologies that use fuel that is free forever: the sun, the wind and the natural heat of the earth.”6

About that same time, Gore, along with a coalition of environmental groups called the Alliance for Climate Protection, launched a $300 million media campaign designed to stop global climate change.7 That campaign is backed by a number of websites, including Wecansolveit.org, Climateprotect.org, and RepowerAmerica.org. By early 2009, more than 2 million people had joined and had agreed to the statement, “I want to Repower America with 100% clean electricity within 10 years.” The “grassroots partners” behind the effort include the National Audubon Society, the Evangelical Environmental Network, and other groups.8

And then there’s Pickens. The Dallas-based energy mogul is one of a long line of super-wealthy Texans endowed with a Messiah complex who have luxuriated in the national limelight by promising to deliver—pick  one or more of the following—better football (Jerry Jones, Dallas Cowboys); better basketball (Mark Cuban, Dallas Mavericks); a better president (H. Ross Perot, 1992 and 1996); better football (Boone Pickens, Oklahoma State University); and better energy policy (Pickens, again). On July 4, 2008, Pickens launched a $58 million media campaign aimed at promoting the “Pickens Plan.”9 The campaign launch included a barrage of TV ads starring the Texas energy baron, who begins the pitch with a syrupy drawl: “I’ve been an oilman all my life.... ” The centerpiece of the Pickens Plan: “By generating electricity from wind and solar and conserving the electricity we have, we will be free to shift our use to natural gas to where it can lower our need for foreign oil.”10

The public loves the idea of renewable energy. On November 19, 2008, WorldPublicOpinion.org released a poll of nearly 21,000 people from twenty-one nations. The findings: Seventy-seven percent of respondents believed that their country should “emphasize more” use of solar and wind energy.11

In December 2008, the League of Conservation Voters (LCV) sent out an e-mail asking voters to sign a petition that was to be sent to President-Elect Barack Obama. The LCV’s board is a Who’s Who of American environmental groups, including representatives from the Natural Resources Defense Council, Friends of the Earth, the Wilderness Society, and the Environmental Defense Fund.12 The petition told Obama that it is:Time to Repower, Refuel, and Rebuild America. We need to get our economy moving by building a clean energy future. We applaud your efforts to make energy a top priority, and look forward to working with you to achieve these goals:• Move to 100% electricity from clean sources such as wind and solar;
• Cut our dependence on oil in half;
• Create 5 million new clean energy jobs; and
• Reduce global warming pollution by at least 80%.13 







In April 2009, during the telecast of the Miss USA pageant, the show’s emcee, Billy Bush, and cohost Nadine Velasquez declared that  the silicone-and-swimsuits soiree was, in fact, environmentally friendly and was therefore part of NBC’s initiative, “Green Is Universal.” The slogan is a play on the name of the TV outfit’s parent company, NBC Universal, a subsidiary of industrial giant General Electric.14 Following the corporate plug, Velasquez said that “Miss USA will be awarded a brand new, more eco-friendly green crown, because green reigned here.”15

Nobel Prize–winning physicist Steven Chu, who now serves as the U.S. secretary of energy, has made his own glib pronouncements.16 In mid-2009, Chu appeared on The Daily Show with Jon Stewart and said, “We want energy but we want it carbon-free.”17

“Carbon-free” energy appears to be such a selling concept that even pimps have begun hawking it. In 2005, Heidi Fleiss, the “Hollywood Madam” who gained notoriety in the mid-1990s after she was arrested and convicted on attempted pandering charges, announced that she was planning to open a “stud farm” in Nevada that would cater to female customers. 18 But in 2009, Fleiss announced that she had dropped plans for the bordello and was instead focusing her talents on alternative energy. “That’s where the money is,” she said. “That’s the wave of the future.”19

From Gore to Chu and Miss USA to the Hollywood Madam, Americans are being carpet-bombed with energy happy-talk. And that happy talk has contributed to a widespread sense of guilt.
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Here’s an exercise: The next time you hear someone say “We are addicted to oil” or “We are addicted to coal,” try this: Substitute the word “prosperity” for “oil” or “coal.”

I don’t offer that idea to be flippant, but rather to point out just how disconnected America’s rhetoric about energy is from the perspective of the 2 to 3 billion people on the planet who live in dire energy poverty. At the same time that many of those people are still relying on biomass (such as wood, straw, or dung) for their cooking needs, and spending large chunks of their time and labor procuring those fuels every day, most Americans live in a world of energy abundance with access to cheap fuels that their counterparts in places like South Africa, Sudan, Laos, Afghanistan, Vietnam, and Pakistan can only dream of.

While most of us certainly appreciate the many blessings of prosperity, there’s a growing sense that U.S. citizens should sign up for Jenny Craig or an Atkins Diet for gasoline and electricity. Conflating energy use with addiction—sex addiction, gambling addiction, alcohol addiction, Internet addiction—has facilitated a growing sense of anxiety in Americans.20 Add in fears about global warming—which many scientists believe is being caused by, or at least exacerbated by, the burning of hydrocarbons—along with claims about energy shortages and terrorism, and that guilt becomes ever more easily exploitable by politicians, pundits, and erstwhile capitalists looking to suckle at the federal teat. On top of all this, Americans feel guilty about their prosperity, particularly when compared with the grinding poverty that is common throughout the world.

In mid-2009, a Canadian energy analyst, Peter Tertzakian, published a book called The End of Energy Obesity that tapped into these themes of guilt and addiction. In the first chapter, he declared that “we have become increasingly addicted to energy because we thoroughly enjoy the standard of living that energy-consuming devices and services make possible.” 21 Tertzakian’s claim echoes the worldview espoused by Barack Obama in early 2007 when he officially announced that he was running for president. The United States, Obama proclaimed, must break free of the “tyranny of oil.”22

Huh? Billions of people would dearly love to be tyrannized by oil in exactly the same way most Americans are. Consider India, a country of 1.1 billion people, where the average resident consumes about 0.11 gallons of oil per day.23 The average American consumes about twenty-four times as much. And yet, over the past few years, many Americans have become increasingly ambivalent about their energy use. In some circles, people who drive SUVs are subjected to ridicule; conversely, fuel-efficient cars such as the Toyota Prius confer on their drivers a certain amount of environmental cachet, or “eco-bling.”

The growing Western obsession with carbon dioxide has even led some consumers to buy “carbon credits”—a type of get-out-of-jail-free card, an environmental indulgence—that theoretically allows them to offset a certain amount of the carbon dioxide they are responsible for emitting. The promoters of these indulgences promise buyers that their  money will go to “green” projects, such as a system that captures methane gas from a Chinese landfill, or perhaps the construction of a dam in India.24 But by 2008, the market for carbon indulgences had grown to some $54 million per year, and the Federal Trade Commission was advising consumers to be wary of the potential for fraud when buying them.25 And in late 2009, a British travel company, Responsibletravel. com, announced that it had quit offering carbon offsets because, in the words of the company’s founder, they had become the equivalent of a “medieval pardon” that allowed buyers “to continue polluting.”26

Along with carbon credits, Americans have been barraged with claims about the desirability of being “carbon neutral.” In 2007, Al Gore’s followers held Live Earth, a global series of concerts that claimed it was “carbon neutral” because, among other things, it had purchased carbon credits to offset the air travel done by concert organizers and performers. 27 At the 2008 Democratic National Convention, the Democratic National Committee created a “green delegate challenge” that asked each of the 5,000 delegates who were going to the convention in Denver to pay $7.50 for a “carbon offset.” The money was to be funneled to NativeEnergy, a Vermont outfit that promised to invest the money in various renewable energy projects.28

It’s not just the Greens and the Democrats. One of history’s most prolific purveyors of indulgences, the Roman Catholic Church, has begun equating carbon dioxide emissions with sin. In September 2007, the New York Times reported that the Vatican was aiming to become “the world’s first carbon-neutral state.” In pursuit of that concept, the Vatican paid to plant a convent-load of trees on a 37-acre tract of land in Hungary. The plot was to be renamed the Vatican Climate Forest, and once the trees were in place, the Vatican would, in theory, have an atmospheric dispensation for all the carbon dioxide emissions that came from its cars, its offices, and, presumably, the hallowed lungs of the Holy Father himself, Pope Benedict XVI.

The Times quoted a Vatican official, Monsignor Melchor Sánchez de Toca Alameda, who averred that buying carbon credits was akin to penance. The monsignor did not advocate sackcloth and ashes, but he implied that believers may avoid eternal carbon damnation by “not using heating and not driving a car, or one can do penance by intervening to  offset emissions, in this case by planting trees.”29 Of course, there’s no sin in planting trees. But can the trees in Hungary really offset all of the Vatican’s carbon output? And for how long?

It’s interesting to ponder what Abraham Maslow, the American psychologist, might have thought of all this. Maslow originated the idea of the “hierarchy of needs,” the concept that humans, as they increasingly satisfy their physiological needs—food, water, sleep, clothing, shelter, sex, and so on—begin seeking to fulfill more complex needs, such as love, esteem, and “self-actualization.” Using Maslow’s template, it appears that many Americans have become so wealthy, so sated with living well—in a way that is made possible by using large quantities of cheap hydrocarbon-driven power—that their successful self-actualization depends in part on how much guilt they feel about consuming the very commodities that allow them to prosper.

An example: A few months ago, a friend of mine, a well-compensated M.D., bought a large Toyota SUV. The nearly 3-ton behemoth was equipped with a 381-horsepower engine, a DVD player, leather seats, and a rear cargo area big enough for a quick game of badminton. While escorting me on a trek around the perimeter of the vehicle, the physician admitted some feelings of guilt about his new wheels—and yet the mere act of sharing those pangs of iniquity appeared to assuage some of his feeling of environmental sinfulness.30

The disconnect between America’s energy use and its guilt over that energy use is even being featured in an ad campaign sponsored by—get this—one of the world’s biggest energy companies. That’s right: California-based Chevron (2008 revenues: $273 billion) has been running a campaign called “Will You Join Us?”31 The advertising barrage includes billboards and print ads with photos of handsome people with text lines imposed over, or near, their faces.32 One says, “I will leave the car at home more.” Another reads, “I will finally get a programmable thermostat.” But my all-time favorite is the ad that proclaims, “I will use less energy.”33

Pardon my insolence, but how many people in Uganda, Cambodia, or Peru wake up in the morning and declare, “By golly, I’m going to use less energy today”? Not many, I’d wager. And yet, this notion of guilt, combined with rhetoric about addiction and the idea of “using less,” has become a powerful theme in American politics.
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PHOTO 1 Ad from Chevron’s 2009 “Will You Join Us?” campaign

Source: Chevron, http://www.willyoujoinus.com/assets/downloads/media/Chevron_Iwill_use%20less%20energy.pdf.

Furthermore, consider Chevron’s corporate strategy: It is advising its customers to use less of the stuff it sells. Imagine what might happen if other companies followed suit: Microsoft would encourage people to use its software less or forgo the updates; Ford Motor could run TV ads advising drivers to continue piloting their old clunkers; Whole Foods could advise grocery buyers that what they really need isn’t fresh produce and a warm baguette, it’s ... nothing at all. Given Chevron’s lead, corporate America may now forsake selling anything ever again. Imagine the environmental benefits! Just think of the reduction in carbon dioxide emissions!

Now, some of Chevron’s motivation for its ad campaign may be that it wants to soften the company’s image. And when it comes to image, energy companies are often seen as only slightly more likeable than Lucifer himself. A 2006 Gallup poll found that just 15 percent of Americans had a positive view of the oil and gas industry, whereas 77 percent had a negative image. Out of twenty-five sectors that Gallup asked about, the oil and gas industry ranked dead last. Even the federal government ranked ahead (but just barely) of the oil and gas industry in the collective opinion of the general public.34 Add in the huge profits that the industry  has made in recent years, including Exxon Mobil’s record $45.2 billion profit in 2008, at a time when Americans were paying record-high prices for gasoline, and the industry’s need for an image makeover becomes even more apparent.35

Thus, along with their feelings of guilt, Americans are angry at the companies that provide them with the energy they require. And to top it off, many Americans are fearful. Their fears are evident in the findings of an early 2009 Zogby International survey that was conducted for the Manhattan Institute, a conservative think tank. Zogby interviewed 1,000 randomly selected adults from across the United States about issues regarding energy and the environment. Of the questions that focused solely on energy, the most lopsided response came from a question dealing with potential shortages of hydrocarbons, where 70.6 percent of the respondents agreed that the United States “must move to renewable energy because we are rapidly running out of oil, natural gas, and other fossil fuels.”36

If that Zogby poll were an election, it would have been a landslide. Perhaps this fear is understandable. Over the past few years, books, magazines, and newspapers have continually hyped the dangers of peak oil. Catastrophists such as author James Kunstler, who wrote the 2005 book The Long Emergency, have predicted that once we reach that peak, rapid declines in production will follow, and then, warns Kunstler, “epidemic disease and faltering agriculture will synergize with energy scarcities to send nations reeling.”37

Americans are fearful about energy because of the lingering images of the 1973 Arab oil embargo and the 1979 oil price shock. More recently, they have endured the supply disruptions in the wake of Hurricane Katrina and the price shocks of mid-2008 that sent gasoline prices to more than $4 per gallon.

Politicians frequently use those events to stoke the fear that the United States could somehow be “cut off” from the global oil market. For instance, in 2006, Bill Clinton gave a speech in California during which he said, “Think of the instability and the impotence you feel knowing that every day we have to have a lifeline from places half a world away that could cut us off in a minute.”38 Of course, it’s worth noting any time that Bill Clinton mentions “impotence.” But he’s hardly the only one stoking the fears of a possible embargo or shortage. In mid-2009,  Michael Moore, the liberal documentary filmmaker, published an essay in The Daily Beast in which he forecast a real-life edition of the Mad Max movies complete with oil-crazed survivors of a scorched planet battling each other for the last few liters of gasoline. In his article, titled “Goodbye, GM,” Moore assailed the “war” that he said was “being waged by the oil companies against you and me.” He went on to say that the evil oil barons “are not telling the public what they know to be true—that there are only a few more decades of useable oil on this planet. And as the end days of oil approach us, get ready for some very desperate people willing to kill and be killed just to get their hands on a gallon can of gasoline.”39

The drumbeat of fear abounds in discussions about global warming. In June 2009, the Obama administration released a report on climate change that called for massive reductions in U.S. emissions of carbon dioxide. Without a major change in energy use, the report said, “Likely future changes for the United States and surrounding coastal waters include more intense hurricanes with related increases in wind, rain, and storm surges.”40 It went on to say that because of global warming, “crop and livestock production will be increasingly challenged,” and that “coastal areas are at increasing risk from sea-level rise and storm surge.”41 The report concluded that our only choice is to cut carbon dioxide emissions and that, “unless the rate of emissions is substantially reduced, impacts are expected to become increasingly severe for more people and places.”42

Although guilt, anger, and fear are key elements of Americans’ gullibility when it comes to energy matters, the most important factor is ignorance. Most people simply don’t understand how energy and power are produced. And that lack of knowledge, combined with widespread scientific illiteracy and innumeracy, makes for a deadly combination.
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In 2007, I interviewed Vaclav Smil about energy issues.43 I asked him why Americans are so easily swayed about energy matters. His response: scientific illiteracy and innumeracy. “Without any physical, chemical, and biological fundamentals, and with equally poor understanding of  basic economic forces, it is no wonder that people will believe anything,” he told me.44 Verifying Smil’s claim is all too easy. A 2007 study by Michigan State University determined that just 28 percent of American adults could be considered scientifically literate.45 In February 2009, the California Academy of Sciences released the findings of a survey which found that most Americans couldn’t pass a basic scientific literacy test. The findings:• Just 53 percent of adults knew how long it takes for the Earth to revolve around the Sun.
• Just 59 percent knew that the earliest humans did not live at the same time as dinosaurs.
• Only 47 percent of adults could provide a rough estimate of the proportion of the Earth’s surface that is covered with water. (The academy decided that the correct answer range for this question was anything between 65 and 75 percent.)
• A mere 21 percent were able to answer those three questions correctly.46 



In July 2009, the Pew Research Center for the People and the Press released the results of a survey of 2,001 adult Americans regarding science issues. Among the findings: Just 46 percent knew that electrons are smaller than atoms.47

Those findings shouldn’t be surprising. Ignorance of the sciences and the natural world has plagued the world for centuries. This centuries-long suspicion of science, which continues today with regular attacks on Charles Darwin and his theory of evolution, was recognized by British scientist and novelist C. P. Snow in the 1950s when he delivered a lecture called “The Two Cultures.” Snow argued that there was a growing disconnect between the culture of the sciences and the culture of the humanities, and that bridging that gap was critical to understanding and addressing the world’s problems. Snow placed “literary intellectuals at one pole—at the other scientists,” and noted that in between there was “a gulf of mutual incomprehension.”48 Snow then laid out a critical point about the general public’s lack of understanding of energy and thermodynamics. As Snow put it:

A good many times I have been present at gatherings of people who, by the standards of the traditional culture, are thought highly educated and who have with considerable gusto been expressing their incredulity at the illiteracy of scientists. Once or twice I have been provoked and have asked the company how many of them could describe the Second Law of Thermodynamics. The response was cold: it was also negative. Yet I was asking something which is about the scientific equivalent of: Have you read a work of Shakespeare’s?49



Indeed, although most moderately cultured people will be familiar with A Comedy of Errors or The Merchant of Venice, the laws of thermodynamics are considered by many of these same people to be the domain of nerds and wonks. Thus, the first law of thermodynamics—energy is neither created nor destroyed—and the second law—energy tends to become more random and less available—are relegated to the realm of too much information.50 This apathy toward science makes it laughably easy for the public to be deceived, or for people to deceive themselves.

Alas, the apathy toward science in America is matched—or perhaps even exceeded—by the lack of interest in mathematics. Over the past few years, the United States has been inundated with depressing data about the state of the country’s mathematical skills. And unfortunately, the data appears to reflect a grim reality.

A 2008 study published by the American Mathematical Society put it bluntly: “It is deemed uncool within the social context of USA middle and high schools to do mathematics for fun.”51 The study went on to explain that “very few USA high schools teach the advanced mathematical skills, such as writing rigorous essay-style proofs, needed to excel.”52 Another report issued in 2008, this one from the U.S. Department of Education’s National Mathematics Advisory Panel, declared that math education in the United States “is broken and must be fixed.”53 The report found “that 27% of eighth-graders could not correctly shade 1/3 of a rectangle and 45% could not solve a word problem that required dividing fractions.”54 The report also found poor math skills among adults:• 78 percent of adults could not explain how to compute the interest paid on a loan.
• 71 percent could not calculate miles per gallon on a trip.
• 58 percent were unable to calculate a 10 percent tip for a lunch bill.55 



This scientific illiteracy and innumeracy gets exacerbated in energy discussions by an equally thorny problem: the many different ways in which we measure units of energy. We use several sources of energy, and each is measured and sold in a mind-boggling variety of units. Oil is measured and sold in barrels, tons, gallons, and liters. Natural gas is measured and sold in cubic meters, millions of Btu, therms, dekatherms, and cubic feet. Coal comes in long tons and short tons, but its pricing depends on several other factors, including heat content, ash content, sulfur content, and, most important, the distance between the coal mine and the power plant. Electricity is sold in kilowatt-hours, but electricity terminology spans other units, including volts, amperes, and ohms.56 Add in joules, watts, ergs, and calories, and things get even more complex. Furthermore, different entities use different metrics. For instance, the BP Statistical Review of World Energy publishes much of its data in millions of tons of oil equivalent. The Energy Information Administration prefers quadrillion Btu, or “quads.” (One quad is approximately equal to 172 million barrels of oil equivalent, or about 1 exajoule.) Meanwhile, the International Energy Agency, as well as many countries, uses joules.

This googol of energy metrics complicates energy discussions. It also makes it more difficult to move past feel-good ideas that will do little or nothing to actually address our future energy and power needs.

In order to move past the happy talk, as well as the guilt, fear, and ignorance, we have to address the issues of energy and power in a rigorous manner. We must take an approach that includes numbers, units, and precise terminology. Understanding the difference between energy and power, for example, requires a bit of elementary physics, as well as proper definitions of key terms. In the next chapter, I will walk you through the physics and the terminology so that you can see why America’s discussions about “energy” are so misguided. Power is what we want. And lots of it.






CHAPTER 3

Watt’s the Big Deal? (Power Tripping 102)

ENERGY GETS THE HEADLINES and the attention. It’s the buzzword that pundits and politicos count on to pack a punch. Thus, we’ve been barraged by the ever-present “energy crisis” as well as other combinations: energy security, energy scarcity, energy management, energy policy, and dozens more. In the consumer world, we have energy bars, energy drinks, and, for consumer electronics, Energy Star.

My antique copy of the Shorter Oxford English Dictionary (printed in 1936) contains half a dozen definitions for “energy.” Meanwhile, its definitions for “power” cover nearly half a page. The word “power” now gets used in numerous contexts—political power, electrical power, brain power, black power, Chicano power, star power, flower power, power trip, power walking, power lunch, and computing power, to name just a few.

Wrestling the two terms to the ground requires real effort, particularly given that fact that many people make the mistake of using “power” and “energy” interchangeably. But we must persevere. Definitions matter. In order to properly address a problem, we must first define it and agree on a common set of terms. And given that our effort requires basic physics, the first stop on our power quest is the work done by a Scotsman whose last name has become synonymous with power: James Watt.

We use Watt’s name on a near-daily basis. But few people know what a “watt” is or why Watt’s work was so important. Here are the essential  facts: Watt, born in 1736, made critical improvements to the steam engine. Those inventions raised the efficiency of steam engines so much that Watt, having patented the improvements, became a wealthy man.1 But Watt knew that improvements to the steam engine were not enough. He needed a metric that could help his customers understand the amount of work done by his steam engines in an hour or in a day. Given the centrality of horse-pulled power to eighteenth-century industry, and his ability to measure the work done by horses, it’s not surprising that he dubbed his new unit a “horsepower.” The result of his various measurements: 1 horsepower = 33,000 foot-pounds per minute.2

The idea of foot-pounds per minute is hardly an intuitive metric, but in Watt’s day it made sense. Watt did a lot of work with coal mines, where horses were the draft animal of choice. Of course, a horse couldn’t lift a bucket of coal weighing 33,000 pounds. But that same horse could likely raise 330 pounds of coal 100 feet in 1 minute. Or it might be able to lift 33 pounds of coal 1,000 feet in that same time frame. The combination of feet and pounds can be whatever numbers you choose. But if the product of the two numbers equals 33,000 foot-pounds per minute, then you are producing 1 horsepower.3

Since Watt’s day, horsepower has coexisted with other measures of power, including Btu per hour, calories per day, kilocalories per minute, and ergs per second, to name just a few. For decades, this welter of power metrics confused even the most savvy of scientists and laymen. In 1960, the International System of Units, commonly called SI, was established. SI units are the result of a centuries-long effort to create a uniform system of measurement for distance, mass, time, current, power, pressure, and temperature—you name it—as well as symbols for numbers in the thousands, millions, billions, and so on. SI facilitates analysis and discussion, particularly among people from different cultures, languages, and fields of interest. And, know it or not, SI parlance has become part of our everyday speech. Kilo (k) means thousand, as in kilogram or kilowatt. Similarly, mega (M) means million, as in megajoule or megawatt, and giga (G) means billion, as in gigabyte or gigaflop. (See Appendix B for a full listing of SI numerical designations.)

SI simplified discussions of energy and power. The joule (J), named after the British scientist James Prescott Joule, is the only unit of measure  in SI for any kind of energy, regardless of its form.4 The watt (W)—named for James Watt some six decades after his death—is the only unit of measure in SI for any kind of power.

To differentiate between joules and watts, it may help to think of them thusly: The total amount of energy produced is measured in joules; power generation is measured in watts. Put another way, the quantity of energy consumed is measured in joules; how quickly that energy gets consumed is measured in watts.5 Thus, operating a 60-watt light bulb requires power, which, as just discussed, is measured in watts. After an hour, when you switch the light off, you can then measure the amount of energy that was consumed by the light, which is measured in joules—or in kilowatt-hours or in Btu—all of which are measures of energy.

Watts and joules are often used together. Calculating power requires knowing the amount of energy and the time over which it was used. This calculation has become a basic formula in physics. The equation is simple:
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One watt is equal to 1 joule per second. The corollary is just as important: 1 joule = 1 watt-second.6 With the notable exception of the United States, the entire world uses SI when discussing energy and power. Though SI units are valuable and laudable, it doesn’t mean that everyone who uses them comprehends them. Indeed, although the watt has become a standard unit for measuring power, horsepower continues to be part of our everyday discussions, particularly when we are talking about cars, chainsaws, and lawnmowers. Why? It’s a centuriesold metric that’s easy for most laymen to grasp. Everyone can imagine a horse pulling a plow or a carriage and the work that that job entails. So which metric makes more sense? During the course of writing this book, I asked dozens of people which term they understood better—watts or horsepower. Some people replied with a blank stare and chose neither. A handful (including nearly all of the engineers and scientists) preferred watts. But the majority preferred horsepower. Asked why, they said that they were more familiar with horsepower ratings on cars than they were with power ratings listed in watts. Men generally preferred horsepower. Women generally picked watts. Thus, my sample  may have been skewed because the population I surveyed had more males than females.

This book will use both horsepower and watts. Pick whichever unit you prefer—just remember that both are measures of power, not energy, and keep in mind that 1 horsepower is equal to 746 watts.

Now that the mini-lecture on physics and SI is done, we must return to the task at hand: defining energy and power. One of the best explanations I’ve heard comes from my good friend Stan Jakuba, a whipsmart engineer who has spent decades advocating the virtues and simplicity of SI. “Energy has many forms,” he explains, “such as electricity, heat, work, kinetic energy, potential energy, chemical energy, nuclear energy, etc. Energy can be visualized as an amount of something. Power is the energy flow.”

Jakuba’s vivid explanation underscores an essential concept: Energy is an amount, while power is a measure of energy flow. And that’s a critical distinction. Energy is a sum. Power is a rate. And rates are often more telling than sums.

To illustrate that fact, let’s express energy and power in oil terms. Energy is measured in barrels. Power is measured in barrels per day. Suppose you have discovered an oil field containing 1 billion barrels of oil. That’s a lot of energy, sure. But that energy is worthless unless it can be brought out of the ground. And, generally speaking, the faster you can get it out, the better. Thus, an oil field that holds, say, 100 million barrels of oil that can produce 10,000 barrels per day is worth a whole lot more—we can even say it is more powerful—than one that produces 10,000 barrels per week.

The key word here is “per.” When buying a car, we want to know the rates: How many miles per gallon does it get, how fast—in miles per hour—can it go?

Yet another good analysis comes from Richard Muller’s 2008 book Physics for Future Presidents, in which he writes, “For power and energy, the kilowatt is the rate of energy delivery (the power) and the kilowatt-hour is the total amount of energy delivered.”7 Combining Muller’s explanation with Jakuba’s provides yet one more way to conceive of energy and power: The kilowatt-hour gives us a tally of the energy provided, whereas the kilowatt measures the rate of energy flow. And that rate of  energy flow can be measured in watts, kilowatts, megawatts, gigawatts, terawatts, or, of course, in horsepower, thousands of horsepower, millions of horsepower, and so on.

Energy doesn’t produce wealth. Energy use produces wealth, and the majority of the energy we use is fed into engines, turbines, and motors to produce power. It’s converting energy—of whatever type—into motion that gives it value. And that’s what engines do: They convert energy into mechanical motion that can be used for doing work. As Jakuba cleverly phrased it, the more we increase the energy flow through those engines, the more power we get. And the more power we have, the more work we can do.

That leads to another key point: The very word “power” implies control. When it comes to doing work, we insist on having power that is instantly available. We want the ability to switch things on and off whenever we choose. And that desire largely excludes wind and solar from being major players in our energy mix, because we can’t control the wind or the sun. Weather changes quickly. A passing thunderstorm or high-pressure system can take wind- and solar-power systems from full output to zero output in a matter of minutes. The result: We cannot reliably get or deliver the power from those sources at the times when it is needed.

Renewable energy has little value unless it becomes renewable power, meaning power that can be dispatched at specific times of our choosing. But achieving the ability to dispatch that power at specific times means solving the problem of energy storage. And despite decades of effort, we still have not found an economical way to store large quantities of the energy we get from the wind and the sun so that we can convert that energy into power when we want it.

Which renewable sources can provide clean renewable power? One of the best is geothermal—which can provide a constant flow of predictable power that can be dispatched when needed. By October 2009, the United States had about 3,100 megawatts of geothermal production capacity. And geothermal promoters were predicting that they could triple that quantity to about 10,000 megawatts of baseload power capacity. 8 That could help, but it would still be a trifle when compared to the total U.S. generating capacity of 1 million megawatts.

The hype over renewables can only be debunked by thoughtfully walking through the numbers and the terms. And the most important of the terms are the first two items of the Four Imperatives: power density and energy density.

Power density refers to the amount of power that can be harnessed in a given unit of volume, area, or mass.9 Examples of power-density metrics include horsepower per cubic inch, watts per square meter, and watts per kilogram. (In Part 2, I will show why watts per square meter may be the most telling of these. Using watts per square meter allows us to make a direct comparison between renewable energy sources such as wind and solar and traditional sources such as oil, natural gas, and nuclear power.)

Energy density refers to the amount of energy that can be contained in a given unit of volume, area, or mass. Common energy density metrics include Btu per gallon and joules per kilogram.10

When it comes to questions about power and energy, the higher the density, the better. For example, a 100-pound battery that can store, say, 10 kilowatt-hours of electricity is better than a battery that weighs just as much but can only hold 5 kilowatt-hours. Put another way, the first battery has twice the energy density of the second one. But both of those batteries are mere pretenders when compared with gasoline, which, by weight, has about eighty times the energy density of the best lithium-ion batteries.

As our society develops and urbanizes, we are seeking to use power in ever-greater quantities in ever-smaller places, and that is particularly true in our cities. Watt’s breakthroughs increased the efficiency of the steam engine. Put another way, he increased the power density of the engine by designing it to produce more power from the same amount of space and from the same amount of coal. Ever since Watt’s day, the world of engineering has been dominated by the effort to produce ever-better engines that can more quickly and efficiently convert the energy found in coal, oil, and natural gas into power. And that effort to increase the power density of our engines, turbines, and motors has resulted in the production of ever-greater amounts of power from smaller and smaller spaces.

The evolution of power density can be visualized by comparing the engine in the Model T with that of a modern vehicle. In 1908, Henry  Ford introduced the Model T, which had a 2.9-liter engine that produced 22 horsepower, or about 7.6 horsepower per liter of displacement.11 A century later, Ford Motor Company was selling the 2010 Ford Fusion. It was equipped with a 2.5-liter engine that produced 175 horsepower, which works out to 70 horsepower per liter.12 Thus, even though the displacement of the Fusion’s engine is about 14 percent less than the one in the Model T, it produces more than nine times as much power per liter.13 In other words, over the past century, Ford’s engineers have made a nine-fold improvement in the engine’s power density.

Now let’s consider energy density. An easy way to understand energy density is to consider the amount of energy contained in a 5-gallon bucket that is filled with gasoline. Now consider that same bucket filled with dried leaves. Obviously, the energy density in the bucket filled with gasoline is far greater than the energy density in the one filled with leaves. Or consider corn ethanol. Although farm-state politicians and agribusiness promoters have been able to foist their fuel on motorists in non-farm states, ethanol contains just two-thirds of the heat energy of gasoline, meaning that motorists who use ethanol-blended gasoline must refill their tanks more often.

Our quest for power density provides another argument against a return to renewable energy sources. The kinetic energy of the wind and the solar radiation from the sun are diffused. Some companies, such as General Electric and Vestas, manufacture huge turbines to turn the diffused kinetic energy of the wind into highly concentrated energy in the form of electricity. Photovoltaic cells capture diffused light energy and concentrate it into electricity, which is then fed into wires. Concentrated thermal solar-energy systems employ huge arrays of mirrors to concentrate sunlight so that it can be used to heat a fluid that can then be used to run a generator. But with both wind and solar, and with corn ethanol and other biofuels, engineers are constantly fighting an uphill battle, one that requires using lots of land, as well as resources such as steel, concrete, and glass, in their effort to overcome the low power density of those sources.

For millennia, humans relied almost completely on renewable energy. Solar energy provided the forage needed for animals, which could then be used to provide food, transportation, and mechanical power. Traveling  on lakes, oceans, or canals was made possible by the wind, human muscle, or animal muscle. And though today’s wind turbines are viewed as the latest in technological achievement, land-based systems that captured the power of the wind have been recorded through much of human history. About 1,000 years ago, a visitor to Seistan, a region of eastern Iran, wrote that the wind “drives mills and raises water from streams, whereby gardens are irrigated. There is in the world (and God alone knows it) nowhere where more frequent use is made of the winds.”14 The use of hydropower, likewise, goes way back. The ancient Greeks used waterwheels; so did the Romans, who recorded the use of waterwheels in the first century B.C.15 The use of mechanical power from water continued to the beginning of the Industrial Revolution. And while solar, wind, and water power all provided critical quantities of useful energy, they were no match for coal, oil, and natural gas. Hydrocarbons provided huge increases in power availability, allowing humans to go from diffused and geographically dispersed power sources to ones that were concentrated and free of specific geographic requirements. Hydrocarbons were cheap, could be transported, and most important, had greater energy density and power density.

That increasing availability of power has allowed us to do ever-greater amounts of work in less time. And because we need power for many different applications, we have lots and lots of engines, turbines, and motors. In fact, the engines of our economy are, in fact, just that: engines. And some of those engines are enormous.

At its most basic level, the $5-trillion-per-year global energy sector—the world’s biggest single business—exists primarily to feed the engines that permeate our towns and cities. Big Oil, Big Coal, and the Big Utilities are servants of the world’s engines. Whether those engines are fueled with oil, coal, natural gas, or enriched uranium doesn’t really matter to consumers. What matters to them is that they continue to have a plentiful supply of fuel that can be fed into those engines so that the engines can continue to turn the heat energy in the various fuels into motion.

In the process of turning that heat energy into motion, engines now generally lose about two-thirds of the heat content in the various fuels. But once again, that matters little to consumers, who are primarily interested in power that is cheap, abundant, always available, and as clean  as possible. For someone living in midtown Manhattan or central Tokyo, the idea of using coal or firewood to cook dinner is absurd. The only fuels that meet the clean air standards of those urban settings are natural gas and electricity. Furthermore, the more cheap, abundant, clean power those consumers get, the more they use. The result: Over the past few decades, energy consumption among city dwellers has increased, a fact that can be proven by peeking inside the average apartment. Three decades ago, that apartment might have had the standard kitchen appliances—toaster, stove, refrigerator, and mixer. Today, that same kitchen will almost certainly have all of those appliances as well as a microwave oven, bread maker, coffeemaker, juicer, convection oven, dishwasher, and food processor. And a few steps away, where there once was only a small black-and-white television, there is now a giant-screen TV, a DVD player, and digital video recorder, as well as a laptop computer and ink-jet printer. In 1980, the average U.S. household had just three consumer electronic products. Today, it has about twenty-five of those devices.16

[image: 008]

PHOTO 2 This massive diesel engine, designed by Finland-based Wärtsilä, is used on large ships (see www.wartsila.com). Each cylinder has a diameter of about 1 meter and displaces about 1,800 liters. The Wärtsilä engines, which can turn about 50 percent of the thermal energy in diesel fuel into useful power, are among the most efficient engines ever produced.

All those electronics have had a clear result: The amount of power that we are able to consume in our homes has dramatically increased. And that spike in power use is not just happening in Manhattan and Tokyo; it’s happening all over the world, accelerated by the ongoing worldwide migration toward city living. In 2008, according to the International Energy Agency, about half of the world’s population was living in cities. By 2030, that percentage is expected to rise to 60 percent.17 And that will mean a corresponding rise in demand for power, because city dwellers use more power than their rural counterparts.18

The inexorable quest for power—whether in the form of computing power, a bigger engine in a new car or a better vacuum cleaner—will continue apace. Why? Because consumers and entrepreneurs are always seeking better, more efficient technologies that allow them to do more things faster. Computer makers such as Apple or Lenovo wouldn’t be in business for very long if they started selling computers that were slower and had less computing power than the ones they had built two years earlier. Or imagine what would happen if a carmaker such as BMW or Mercedes Benz announced that its newest convertible took longer to go from 0 to 60 miles per hour than the model it built the previous year. The company’s market share would vanish faster than Dick Cheney’s hunting partners.

Power is like sex and Internet bandwidth: The more we get, the more we want. And that’s one of the biggest problems when it comes to energy transitions. We have invested trillions of dollars in the pipelines, wires, storage tanks, and electricity-generation plants that are providing us with the watts that we use to keep the economy afloat. The United States and the rest of the world cannot, and will not, simply jettison all of that investment in order to move to some other form of energy that is more politically appealing.

Yes, we will gradually begin moving toward other forms of energy. But that move will be just that: gradual. And for those who doubt just how lengthy energy transitions can be, history offers some illuminating examples.

Power Equivalencies of Various Engines, Motors, and Appliances, in Horsepower (and Watts)

Saturn V rocket: 160,000,000 (120 billion W)19

Boeing 757: 86,000 (64.1 million W)20

Top fuel dragster: 7,500 (5.6 million W)21

M1A1 tank: 1,500 (1.1 million W)22

Formula 1 race car: 750 (560,000 W)23

2009 Ferrari F430: 490 (365,000 W)24

1999 Acura 3.2 TL sedan: 225 (168,000 W)25

2010 Ford Fusion: 175 (130,000 W)26

1908 Ford Model T: 22 (16,000 W)27

Average home air-conditioning compressor: 5.6 (4,200 W)28

Honda Cub motorbike: 4 (3,000 W)29

Average lawnmower: 3.5 (2,600 W)30

Dyson vacuum cleaner: 1.68 (1,250 W)31

Toaster: 1.67 (1,250 W)32

Lance Armstrong, pedaling at maximum output: 1.34 (1,000 W)33

Coffeemaker: 1.08 (800 W)34

Cuisinart: 0.16 (117 W)35

Human walking at a brisk pace: 0.14 (106 W)36

20-inch iMac computer: 0.11 (80 W)37

Ryobi 3/8-inch cordless drill battery charger: 0.07 (49 W)38

60-watt lamp: 0.07 (54 W)39

Table fan: 0.03 (25 W)40

Recharging an Apple iPhone: 0.0013 (1 W)41







CHAPTER 4

Wood to Coal to Oil

The Slow Pace of Energy Transitions

 

 

 

 

GIVEN OUR CURRENT OBSESSION with Big Oil and Big Coal, it’s worth noting that the fuel source that has had the longest reign in the American energy business is plain old firewood. Wood’s reign as the most important fuel in the United States lasted longer than any other. For 265 years after the Pilgrims founded the Plymouth Colony, and for 109 years after the signing of the Declaration of Independence, wood was the dominant source of energy in America. It wasn’t until 1885—the year that Grover Cleveland was first sworn in as president—that coal finally surpassed wood as the largest source of primary energy in the United States.

For the next seventy-five years, coal was king. During the first two decades of the twentieth century, coal was supplying as much as 90 percent of all the primary energy in the United States, fueling factories, heating homes, and providing boiler fuel for essentially all of the nation’s electric power plants. But coal’s dominance was not to last. Thanks in large part to the booming demand for kerosene for lighting, and more particularly, for gasoline to fuel automobiles, oil began whittling away at coal’s market share.

World War II was a turning point. The massive production of airplanes, ships, and motor vehicles during the war years accelerated the demand for oil. And prolific oil fields in Texas and Oklahoma were ready and able to provide nearly all the gasoline and diesel fuel that consumers and industry wanted. Between 1945 and 1950, the number of cars on  U.S. roads increased by 60 percent. Over the next ten years, the U.S. auto fleet grew by another 50 percent.1 The increasing mobility of the average American resulted in a huge increase in demand for oil. In 1949, coal accounted for about 37.4 percent of the U.S. primary energy market, with oil trailing close on its heels with a 37.1 percent share. But in 1950, oil hit the tipping point, surpassing coal as the biggest source of U.S. primary energy. And for the past sixty years, oil’s primacy has not been challenged. In fact, in 2008, oil’s share of the U.S. energy market was at the exact same level as it was back in 1950: 38.4 percent.2

FIGURE 3 U.S. Primary Energy Consumption, by Source, 1825 to 2008

[image: 009]

Source: Energy Information Administration, Annual Energy Review 2008, Figure 5, “Primary Energy Consumption by Source, 1635–2008,” http://www.eia.doe.gov/emeu/aer/ep/ep_frame.html.

Although oil has been the undisputed champion, the jockeying for second place has been ferocious. In 1958, natural gas sped past coal to become the second-largest source of primary energy in the United States. Gas kept its second-place status behind oil for nearly two decades, and by 1971, the United States was consuming nearly twice as much energy in the form of natural gas as it was in the form of coal.3 But Congress and federal regulators decided that the market couldn’t be trusted; thanks to  their ham-handed interventions, coal rebounded in a big way. In 1986, coal overtook natural gas to reclaim second place in the U.S. primary energy market. Since then, coal and natural gas have been running neck and neck, with each claiming about 25 percent.

The decades-long jousting for primacy among the various hydrocarbons provides more evidence of just how difficult it will be to replace them. As Vaclav Smil explained in his 2008 book, Global Catastrophes and Trends, there’s no reason to expect that the transition toward renewable sources such as solar and wind will be completed quickly. In fact, he says to expect the opposite:There is no urgency for an accelerated shift to a nonfossil fuel world: the supply of fossil fuels is adequate for generations to come; new energies are not qualitatively superior; and their production will not be substantially cheaper. The plea for an accelerated transition to nonfossil fuels results almost entirely from concerns about global climate change, but we still cannot quantify its magnitude and impact with high confidence.4





Furthermore, the longer we use hydrocarbons, the more entrenched they become in our way of life—and the more energy we produce with hydrocarbons, the more energy we are able to produce. That may sound like an exaggeration, but it’s a statement that can easily be confirmed by looking back at the history of the coal business. The first railroads were built to haul coal, and the locomotives that hauled the coal also burned coal. As author Jeff Goodell wrote in his book Big Coal, the railroads were a key invention that led to more coal production because, “In effect, coal hauled itself.”5 Of course, the railroads were only part of the equation. By perfecting the steam engine, James Watt enabled British mines to produce coal more economically, because his engines pumped water and lifted coal out of the mines.6

The idea that hydrocarbons beget more hydrocarbons can also be seen by looking at the Cardinal coal mine in western Kentucky. The mine produces more than 15,000 tons of coal per day. And the essential commodity that facilitates the mine’s amazing productivity is electricity. The massive machines that claw the coal from the earth run on electricity  provided by power plants on the surface that burn coal. In fact, about 93 percent of Kentucky’s electricity is produced from coal.7 To paraphrase Goodell, at the Cardinal Mine, the coal, in effect, is mining itself.

Hydrocarbons are begetting more hydrocarbons in the oil and gas business. Modern drilling rigs can bore holes that are five, six, or even eight miles long in the quest to tap new reservoirs of oil. And the energy they use to access that oil is ... oil. Diesel fuel has long been the fuel of choice for drilling rigs around the world. On offshore drilling rigs, the power is often supplied by diesel fuel. But in some cases, the power is provided by natural gas that the rig itself produces. Thus, on those offshore platforms, the natural gas is, in effect, mining itself.

The transition away from oil, coal, and natural gas will be a decades-long process because the companies that produce those commodities are getting ever better at finding and exploiting them. The oil and gas industry provides a clear example of this. For about a century, analysts have been forecasting an end to the supply of petroleum. And they have consistently been proven wrong. Why? Because the companies that produce oil and gas continue to discover new ways to gain access to previously inaccessible resources.

Though environmental groups and energy analysts eagerly publicize the inventiveness of entrepreneurs working to improve wind- and solar-power technology and other ways to harness alternative sources of energy, they seldom mention the ongoing innovations that are occurring on the hydrocarbon side of the ledger. And in doing so, they frequently forget the sheer size of the industry that is constantly searching for techniques that can get oil and gas out of the ground and do so faster and cheaper than before.

In the United States, there are about 5,000 independent oil and gas companies, every one of which is continually spending money and testing new concepts that will wring yet more petroleum and natural gas out of their leases.8 In 2007 alone, those companies spent $226 billion drilling and equipping some 54,300 wells.9 And that doesn’t include the money spent on research and technology. All of the money spent on drilling and outfitting those wells, and the investment those companies have made in research and development, helps to assure that the installed fleet of machinery that supplies us with horsepower will continue to be fueled primarily by hydrocarbons.

It was only six decades ago that the oil industry drilled its first offshore oil well—the Kermac 16—out of the sight of land.10 And that well was drilled in just 20 feet of water.11 Today, Anadarko Petroleum is producing natural gas at the Independence Hub in the Gulf of Mexico, where the water depth is 8,000 feet, and that one platform provides enough natural gas to supply about 5 million homes.12 Moreover, the companies that are drilling for oil around the world are continually pushing into ever-deeper waters. In 2003, Transocean, the world’s largest offshore drilling contractor, announced that it had drilled a well in 10,000 feet of water.13 Five years later, the firm announced that it had drilled a well off the coast of Qatar with a horizontal section that extended some 6.7 miles. The total measured depth of the well was 40,320 feet (7.6 miles), making it the longest extended-reach well ever drilled.14 But that record will almost certainly be eclipsed in the next few years, as Houston-based Parker Drilling has recently completed the design and construction of a rig that will be capable of extended-reach wells with lengths of up to 44,000 feet, or 8.3 miles.

Conceiving of an 8-mile-long well boggles the mind, particularly when you learn that the Daisy Bradford No. 3, the well that started the flood of oil development in the East Texas Field, was only 3,500 feet deep.15 By drilling deeper and faster, and in locations that were previously thought to be uneconomic, the oil and gas industry has continually extended its life expectancy.

In the natural gas sector, recent breakthroughs in shale gas technology have unlocked vast quantities of methane. Over the past five years, U.S. shale gas production has soared, thanks to techniques such as micro-seismic analysis, horizontal drilling, and enhanced well completion. The ever-increasing use of technology in the oil and gas business has resulted in huge improvements in drilling success rates. For instance, the success rate today for “wildcats” (wells drilled in frontier areas) is 50 percent or better. Three decades ago, that success rate was about 10 percent.16

While the oil and gas industry continues to improve the techniques that allow companies to drill wells deeper, faster, with greater precision, at ever-lower costs, the coal industry continues to show its resilience. Although oil passed coal as the most important source of U.S. energy  back in 1950, coal hasn’t gone away. In fact, over the past few years, thanks to soaring global demand for electricity, coal has enjoyed a resurgence. Although we now live in the Age of Oil, the Age of Coal hasn’t yet passed. The reason for coal’s enduring popularity is that it provides huge quantities of the essential commodity of modernity: electricity.

Over the past two decades, global electricity consumption has grown faster than any other type of energy use, and since 1990 electricity use has increased nearly three times as fast as oil consumption. In their thoughtful 2005 book, The Bottomless Well, Peter Huber and Mark Mills declared that “economic growth marches hand in hand with increased consumption of electricity—always, everywhere, without significant exception in the annals of modern industrial history.”17

Electricity is the energy commodity that separates the developed countries from the rest. Countries that can provide cheap and reliable electric power to their citizens can grow their economies and create wealth. Those that can’t, can’t. The essentiality of electricity takes us back to coal. Love it or hate it, coal provides the cheapest option for electricity generation in dozens of countries around the world, and in heavily populated developing countries such as China, India, and Indonesia—all of which have large coal deposits—the need for increased capacity for the generation of electricity is acute.

Nearly 130 years ago, Thomas Edison began electrifying the world by burning coal—and in the intervening century, not much has changed.
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