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      Preface


      A Call for Energy Literacy

    


    When we came up with the title for this book, we figured we’d need a subtitle to further clarify what we were “explaining.” The one we chose might seem a bit grandiose the first time you see it. “The world’s most vital commodity?” Really?


    Yes, we believe it is. Modern society depends on abundant and reliable supplies of energy, and it is fundamental to virtually everything we take for granted in our daily lives. And yet, most of us know very little about it. In fact, there aren’t even that many books written on the subject.


    Walk into any bookstore and count the number of titles focused on energy (we did, several times), and you’ll notice that there are many other topics that command more shelf space, like pet grooming. No, really—it’s a $2 billion business, and there are lots of books that go into great detail about how to coif your kitty and primp your pooch.


    Now, we love animals as much as the next guy, but energy globally is a $3 trillion business (that’s with a “t”) and it underpins everything that makes pet grooming possible, save perhaps for the actual making of puppies and kittens. So, why weren’t there more books on energy?


    Maybe this isn’t exactly an apples-to-apples comparison, but when we looked at the energy books that were available, it only got worse. We found a lot of opinion, political commentary, and hype. We also found a lot of very informative but painfully dry tomes on various aspects of energy. What we didn’t find was a straightforward introduction to the topic as a whole that had levity, snarkiness . . . fun. There was no fun in energy.


    This, in our humble opinion, left a rather large hole in the average person’s understanding of the subject, and no wonder. Energy can be complicated, confusing and downright intimidating so it’s hardly surprising that Joe and Jane Sixpack weren’t digging into textbooks and clicking on interest group websites in their copious spare time.


    We didn’t come to this project right away, though. In fact, all this lamenting the lack of a good energy book goes back to 2000 when the two of us were working together at a large multinational company that served the energy industry. We used to walk from our Oakland offices down the railroad tracks to Jack London Square for lunch, often talking about how the media did such a poor job of explaining why gasoline cost so much in California, or where electricity came from.


    Occasionally, one of us (usually Vikram) would say that we should write a book sometime that would explain all of these things in plain language that the average person could understand. Certainly, the subject matter was dense, but it could be made more engaging with the right approach.


    We drew inspiration from others who had used humor to demystify other complex topics, David and Tom Gardner, in particular. These two brothers are better known as the creators of the Motley Fool books on personal finance. They took the seemingly opaque world of investing and made it accessible.


    We’re also big fans of satirical news shows like The Colbert Report and The Daily Show. They’re loads of fun in part because they aren’t dumbed down. The tone is casual and the issues are simplified, obviously (this is fake news, after all), but we still get the feeling these guys respect their audience. Jon Stewart knows we’re smart people.


    When we finally did set out to write a book on energy, our goal was to deliver a lot of information in such a way that our reader (that’s you!) would actually absorb it. We knew it couldn’t be too long, and we had to leaven the factual material with humor, pop culture, and a lively tone. Otherwise, we’d lose you before you got to page 15. So, our approach to writing comes down essentially to facts tempered with levity. Think of it as fun used as baking soda.


    We also knew we couldn’t just deliver a lecture on the energy industry, no matter how “fun” it might be. People do have real questions about energy and we wanted to address them. Like, what goes into the price of a gallon of gas? What exactly is “clean coal”? Is nuclear power dead, or ready to make a comeback?


    What we have tried to do with this book is to explain energy to nontechnical people in a nontechnical way. We’re quite sure that we won’t please everyone. The material we’ve included is dwarfed by what we haven’t, and we may have oversimplified things in the view of some more savvy readers. That’s OK, though. Energy Explained is not for those who already know a lot about energy; it’s for people who don’t.


    We should also acknowledge that while we have tried to avoid making policy prescriptions, we do have opinions and it’s possible that one or two might have found their way into these pages. But the intent here is not to convince you to share our point of view. Our primary goal is to provide you, dear reader, with a working knowledge of energy basics so that you can come to your own informed decisions.


    You see, we are on a mission for energy literacy. Our goal is to educate people about energy issues so that we can all better face the incredible challenge that lies before us: how to maintain our modern lifestyle without destroying our planet or ourselves in the process.


    Twenty years ago, personal computers had already been on the market for a decade, but knowledgeable users were limited to a relatively small group of tech-savvy engineer types and young people. Today, computer skills are taught in elementary schools and Bob’s eighty-eight-year-old grandfather is on Facebook (yes, really). We need that kind of transformation in public understanding of energy issues. We need energy literacy. That’s why we wrote this book.


    So, we hope you’ll find the product of our railroad track discussions to be informative but also fun, and that it takes some of the mystery away from this very important subject. And we hope that, even if it’s not the first book on energy you’ve read, it won’t be the last either.

  


  
    


    How This Book Is Organized


    Energy Explained is organized in two volumes: Conventional Energy and Alternative Energy. Volume 1 focuses primarily on fossil fuel–based energy sources, which for the most part dominate the landscape today. Volume 2 focuses on nonfossil sources of energy such as wind, hydropower, solar, and even waste.


    The two volumes are further divided into ten distinct parts. The different parts of the book cover various aspects of the energy world—oil, coal, electricity, global warming, energy efficiency, and so on. The chapters within each part address the science, technology, economics, and history that are relevant to that particular topic.


    We have deliberately written the ten parts to be distinct from each other. This means that you can choose to read the pages of the book sequentially or simply skip to your topic of interest and dive right in. Whether you use this book as a quick reference or read it cover to cover, we hope the way we have structured the information will help you find what you’re after quickly.


    We have also used sidebars to call out parts of the text that explain important concepts, present historical anecdotes, or simply list some fun facts about the topic being discussed.

  


  
    


    About Volume 1: Conventional Energy


    Currently, most of our energy supply comes from fossil fuels. In the past few decades, these fuels have developed quite a bad reputation, mostly due to the environmental implications of their extraction and use, yet they remain an integral part of our energy landscape.


    Volume 1 of Energy Explained provides a comprehensive survey of the three primary conventional energy sources: coal, oil, and natural gas. The book explores the science of how fossil fuel deposits are formed and how they’re discovered. It covers how crude oil is processed into gasoline and the many other products that are derived from it. Finally, Volume 1 provides an overview of the business and political aspects of fossil fuels, with some interesting history along the way.

  


  
    


    About Volume 2: Alternative Energy


    Volume 2 explores a wide range of energy sources that are linked by what they are not, namely nonrenewable fossil fuels. The approach to this volume is the same as in Volume 1, with an emphasis on straightforward explanation seasoned with interesting historical examples.


    Volume 2 of Energy Explained explores our energy alternatives, from more established sources like wind, solar, and geothermal energy to exciting new technologies like wave power that are only now beginning to be tested in real-world environments. We also cover topics such as biofuels, waste-to-energy, and the often-overlooked subject of energy efficiency.


    Nuclear power might seem better suited to Volume 1, but though it has been around for over half a century, nuclear is undergoing a renaissance. It is the only large-scale source of power that does not produce CO2 emissions and as such it is likely to play a role in avoiding climate change. For that reason, we’ve chosen to include it here. Volume 2 also takes the energy discussion into important related fields such as transportation and economic development.
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      The World of Energy

    


    
      The collection of economic, environmental, and political forces that we know as the “energy industry” is one of the most complex and influential in the world. In fact, it’s not unreasonable to say that most of what we take for granted in our day-to-day lives would not be possible without a steady supply of affordable energy on a global scale.


      Of course, it wasn’t all that long ago we humans were rather preoccupied with chopping firewood, caring for draft animals, and making sure we had enough food to eat (i.e., tending to the “engines” that drove our survival). Over the past two hundred years or so, however, things have changed dramatically. Since the industrial revolution, human beings have used their smarts to get more done with less effort. From early steam engines to jet aircraft to photovoltaic cells, we’ve been on quite a tear.


      Now it looks like we might be in for another dramatic change, and this time not necessarily for the better. The realities of climate change and environmental pollution have made us realize that it might not be possible to continue in the manner to which we’ve become accustomed.


      If you’re feeling a bit apprehensive at this point, don’t worry. The first step in understanding the energy landscape is to admit that this subject is big, complex, and at times scary. We’re talking about an industry that spans the globe and generates trillions of dollars of revenue every year.


      Everything about energy is gigantic: Energy is measured and expressed in megawatts (of electricity) or billions (of barrels of oil) or gigatons (of carbon released into the air), and our electricity grid is the largest machine in the world.1 Energy has its share of drama, too. Monopolies have driven competition out of markets, blackouts have wiped out billions of dollars of productivity, and energy issues have fanned the flames of war.


      The industry can also be rather opaque in that many aspects of how our energy systems work are not clear to the average person. It is quite likely that Joe Sixpack may be able to spout stats on his favorite sports team but not have a clue about what goes into the price of a gallon of gasoline.


      This book attempts to demystify the intricacies of the energy world, and this opening part is sort of like an overture to a big, loud, and dramatic symphony. We’ll spend a little time first on why this subject has become so important in recent years. Next we’ll take a quick look at the science and history of energy, and we’ll finish up with some thoughts about where we’re headed. If we do our job right, you’ll finish this first part eager to dig into the others.
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        Why Is This Topic So

        Important Now?

      

    


    The World’s Most Vital Commodity


    “The world’s most vital commodity” sounds a bit over the top, doesn’t it? What about water? You know, the “liquid of life?” Well, OK, we might not need eight glasses of crude oil a day to be in good health, but unless you live next to a pure mountain stream, it’s likely that you’ll need the oil to get the water.


    The truth is, just about everything relies on energy to make it available on a mass basis. Certainly our iPods, cell phones, and the rest of our digital trinkets run on energy, but even basic human requirements like food, water and shelter don’t deliver themselves to six billion people. You need fertilizers, pipelines, transportation, power grids . . . the list goes on, and everything on it relies on energy.


    Obviously, “energy” as a requirement of modern society didn’t just show up with the steam engine or the NiCad battery. Humans have always relied on energy to survive, though historically it was usually our own bodies or animals that provided it. The use of machines to produce energy is a relatively new concept, but it has allowed us to amplify our ingenuity to overcome tremendous obstacles. Those of us fortunate enough to dwell in the industrialized world live our lives largely without regard for how we will keep warm or where our next meal is coming from, and for that we owe a debt of gratitude to every physicist, inventor, and wildcat entrepreneur who thought about a better energy mousetrap.


    Energy is the lifeblood of modern economies. One look at any nation’s historical GDP compared to its consumption of energy and you can quickly see how closely the two are related.1 More energy resources generally mean greater productivity, higher standards of living, and more opportunity.


    The inverse is also true: With more wealth comes more consumption of all things, energy included. Americans’ movement from farm to factory in the nineteenth century is being replayed today in places like China and India where energy development and economic expansion have fed on each other to produce dizzying growth. In both cases, it is energy that allows people to shift from manual labor to mind labor.


    By the same token, not having enough energy can really rain on your GDP parade. Just ask South Africa.2 One of the continent’s most developed economies, the country has been plagued in recent years by a chronic shortage of electricity. Some estimates have put the resulting economic losses in the mining industry alone in the hundreds of millions. Oh, and that’s per day.


    Energy: The Challenge of Our Lifetime


    Did we mention that energy pervades everything? It also happens to be the largest business in the world, and that’s by a substantial margin. Global revenues come to nearly $3 trillion per year.3 Compare that to a puny $700 billion for the defense industry, and you begin to appreciate what we’re dealing with here.


    So which source should we rely on expanding to meet our growing energy needs while protecting our planet for future generations? No source, it seems, is a slam-dunk choice.


    Fossil fuels account for 85 percent of the energy used in the U.S.4 As we’ll see later, they pack a lot of energy into a convenient and relatively inexpensive package. However, they also cause a variety of problems ranging from environmental degradation, global warming, and pollution of air and water supplies to health problems such as asthma. Natural gas is cleaner burning than coal or oil, but still produces a lot of CO2 emissions.


    Hydroelectric power is a terrific way to harness the massive power of rivers and streams. In many ways, it is an inexhaustible source of fuel. On the other hand, large hydropower dams do flood a lot of land and can harm river ecosystems. There is no doubt that renewable energy sources are a more sustainable resource available to us, but even renewables like wind and solar have drawbacks. They are by nature intermittent, and at least for now they remain considerably more expensive than their conventional counterparts.


    Nuclear power plants can produce an awful lot of electricity at fairly low cost. They are a reliable source of energy and are nonpolluting. But the issues of reactor safety and disposal of nuclear waste continue to put a drag on nuclear expansion in the U.S.


    Each one of these sources of energy has its pluses and minuses. The problem we face today is that, for conventional energy, the negatives seem to be rapidly making the positives irrelevant. As we’ll see later, gasoline is a terrific transportation fuel. It’s (relatively) cheap, it’s easy to store and transport, and it packs a lot of energy into a small package. This set of virtues has made gasoline our transportation fuel of choice for one hundred years, but all of that petroleum goodness is being overshadowed by what we now understand are the full consequences of our dependence on petroleum fuels.


    The same reconsideration is being applied to coal, natural gas, nuclear, and every other energy technology we’ve come to use at any notable scale. The result, in particular for fossil fuels, is the sobering realization that they may not be compatible with our long-term residence on planet Earth if we continue using them as we do now. We have some promising new technologies in the works—and a few that are already being used—but none of these looks like it’s up to the job of dethroning the fossil kings.


    Indeed, environmental concerns account perhaps more than anything else for our recent preoccupation with energy. We say “recent” because—like with most things—we’ve been here before. If you remember the Arab oil embargo of the early 1970s, or have at least read about it, you know what we’re talking about.5 Energy issues were all over the news. You couldn’t escape it, especially with the line from the corner filling station going past your house.


    But this time, it’s different. This time we’re not just talking about the Middle East and we’re not just talking about oil. We’re not even just talking about the environment.


    To be sure, the geopolitics of energy has become much more complicated than it was in 1973 (and it wasn’t exactly simple then). Just look at oil. At the time of the 1973 embargo, the global oil market was dominated by OPEC, notably by its member states in the Middle East. Today, the oil market includes a wider variety of supplier nations. In the last thirty years, we’ve also seen the old-guard oil nations eat away at foreign ownership of their fields to the point where now the bulk of the world’s proven oil reserves are in the hands of state-owned corporations.


    The geopolitical value of energy resources is not limited to oil, either. Countries blessed with substantial stores of coal (India, China, the U.S.) have a formidable economic and strategic advantage over nations that rely on energy imports (e.g., Japan). Environmental considerations, however, could stand this arrangement on its head. Heck, we might even see the rise of “solar tigers” (we’re trademarking that, by the way) if technology and regulation converge to make it feasible for North African nations, say, to export solar power across the Mediterranean to Europe.


    As a nation, we are facing energy challenges that are unprecedented. Our power grid, for example, is in need of some serious investment to avoid increased power outages that hurt our economy. We rely excessively on foreign oil from potentially unstable regimes to meet our growing needs. And we have a very hard time even discussing policy measures to combat climate change, let alone implementing them.


    So have we painted ourselves into an unsustainable corner? Are we in danger of using up Mother Earth’s finite energy sources before we can shift to renewable ones? New sources of oil are increasingly difficult to find, pushing oil exploration teams to remote corners of the world and deeper into the sea. Climate change looms, and the alternatives to fossil fuels haven’t quite taken root yet. Simply put, if energy is not the most vexing single problem facing humanity today, we don’t know what is.


    So what are our chances? Well, call us hopeless optimists but we believe in the ingenuity of people. We believe that our society can evolve out of these inefficiencies. We’d like to think humanity still has a pretty good shot at long-term survival and at solving its energy conundrum.


    There is at this very moment an unprecedented level of investment being poured into clean energy and a host of other technologies aimed at making our way of life more sustainable.6 There are also new approaches to energy policy being tried, like Europe’s cap-and-trade system for managing CO2 emissions and electric utilities being paid to increase efficiency rather than sales of electricity. From design considerations for constructing “green buildings” to photovoltaic cell development to breakthroughs in battery technology, we are witnessing a new era of technological innovation in the field of energy. We’re a long way from done, but it’s worth noting that substantial progress is being made.


    Energy is a necessity, and it will only grow in importance going forward. How we deal with energy in responding to the challenge of climate change while also balancing geopolitical and economic concerns will be crucial to our continued reign as the dominant species on earth.
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      A Brief History of Energy

    


    
      What Is Energy?


      This is actually a rather difficult question to answer for most people—it seems so obvious, and yet it’s hard to put into words. It’s easier to talk about what energy is used to do. Animals use the energy in food to run all the bodily functions that keep them alive. Mick Jagger uses a great deal of energy strutting around the stage (even in his sixties!), and cars convert the energy in gasoline into mechanical motion that turns the wheels and takes us to work.


      In science, energy is defined simply as the ability to do work, which in some situations refers to the movement of a mass over a certain distance.1 So, energy might be used to move a hockey puck from a player’s stick to the goalie’s glove, or perhaps the back of the net, in a happier scenario for the shooter. Even in a less obvious example like a growing plant, the principle is the same. The cell division process that drives growth still amounts to “work,” scientifically speaking, and so it requires energy.


      In some ways, energy is like volume, weight or temperature in that it is simply another property of an object—it’s just that you can’t see it, touch it or otherwise sense it directly.2 It also comes in many forms, as we’ll see in the following section.


      Evidence of Energy


      Energy is divided into two broad categories, potential and kinetic.3 Kinetic energy is the one we’re most familiar with—that’s the kind used in the movement of objects. Potential energy is perhaps best described as energy that is stored. For example, if you pull a rubber band so it stretches out, and hold it there, the energy of that movement is now stored in the material. It is called “potential” energy because it’s just there, not doing anything. If you let go of one end of the rubber band and cause it to fly across the room and strike your classmate in the head, well then the potential energy in the rubber band has been changed into the kinetic energy of movement. Batteries also store energy in the form of chemical potential energy, which can be released when the battery is placed into an electric circuit.


      We’ll talk more about energy storage later, but for most of this book we’ll be concerned with the kinetic variety. Within that category, there are many kinds of energy:4


      n Thermal energy appears as heat.


      n Chemical energy is derived from the bonds between molecules.


      n Mass energy—otherwise known as nuclear energy—comes from the structure of atoms.


      n Electromagnetic energy covers a range of forms from radio and TV waves to x-rays, infrared and visible light.


      n Radiant energy or solar energy is a combination of electromagnetic energy (light, UV rays) and thermal energy (heat).


      All of these forms of energy occur in different ways in nature, but they all share the same basic principle. That is, that some force acting on some object produces a change in that object, whether its location, temperature, chemical makeup, or luminosity (brightness).


      Like matter, energy cannot be created or destroyed. It can only be changed from one form to another. That’s the heart of the Law of Conservation of Energy, one of the cornerstones of our understanding of the physical world.5 We talk about “producing” or “generating” energy in this book, but we should be clear about how we’re using these terms. When we say “produce energy,” in many cases we mean “extract” (as in “oil producers extract crude oil from wells”), or “convert” (as in “power plants convert some of the energy contained in coal into electrical energy”). For the record, we’re not rewriting the laws of physics. We simply want to use words that will convey what we need to explain in the simplest possible way.


      Finally, there is another important distinction we should make, and that has to do with the difference between energy and power.6 In science, “power” is simply the rate at which energy is being used, and is expressed in units that mean essentially “energy used per unit of time.” People often use “energy” and “power” interchangeably in conversation, and we’ve done that in some parts of this book, again with the goal of conveying a larger concept.


      So, our apologies to the physicists, engineers, and others who might bristle at our calculated misuse of scientific terms, but we’re on a mission for energy literacy here and you know what they say about omelets and breaking eggs.


      The Prodigal Sun


      All hail the sun, the source of (almost) all the energy resources on earth. It might not be immediately obvious, but with the exception of geothermal and nuclear energy, all of the energy we use can be traced back to our local star.


      Solar power, obviously, converts the sun’s rays into electric energy and solar thermal panels can heat your home’s supply of hot water. The sun also warms the earth as a whole, but not evenly, and the resulting movement of air is used to generate electricity by converting the kinetic energy of the wind into electrical energy. Even fossil fuels like oil, coal, and natural gas are simply concentrations of millions of years of the sun’s energy collected by plants. The wood you burn in your fireplace is the same—a store of solar energy in the convenient form of a sturdy plant that can be converted to heat, light, and smoke with the help of a little kindling and a match.


      Of course we humans require a certain amount of energy in the form of food for our bodies to function correctly, and we can thank the sun for that too. After all, we wouldn’t have many strawberries or chickens without the sun to grow the plants and in turn feed the animals. In fact, the sun delivers so much energy to the earth’s surface every day that if we were able to tap just one hundredth of one percent of it, we could (in theory) do away with all our fossil fuel use—oil, coal, and gas combined.7


      So why aren’t we living in a solar-powered paradise? In a word, efficiency. We hear a lot about energy efficiency in terms of how we use energy, but not much about the efficiency with which it is converted from one form to another, which is what happens when we generate electricity, for example.


      The process of going from one form of energy to another can be very efficient, as in the case of transformers that can have efficiencies as high as 97 to 99.5 percent8 (discussed in more detail in Part IV), or in the case of the human beings who between cooking, chewing, and digestion make use of well over 90 percent of the energy contained in food. Older coal plants, on the other hand, only convert around 35 percent of the latent energy in the fuel into electricity. Solar panels (photovoltaics) are very inefficient—they typically convert only about 10 percent of the solar energy they receive to electricity. So, even though we’re getting daily deliveries of energy from the sun that could serve our needs thousands of times over, only a small percentage of that energy actually is put to use with current technologies.


      
        Key Concept: If Energy Is Neither

        Created Nor Destroyed Then Where

        Did It Come From in the First Place?


        The easiest way for us to answer this question is to say that energy in the universe has always existed. There are two scientific theories about the origin of the universe, both of which support this notion.


        If the universe began with a “Big Bang,”9 then all of the energy had to have already been there. The idea is that tightly packed matter exploded during the birth of the universe, and much of the matter-energy converted into other forms as the universe expanded. Based on Einstein’s E=mc2, we know that energy can be converted to matter and vice versa.


        Another scientific theory about the origin of energy points to the oscillation of the universe.10 It states that the universe has always been there, and always will be. In this theory, the expansion reaches a certain limit and then a contraction begins. When the universe compresses, so do the energy and matter in it. And when it expands, the energy and matter convert from one form to another.


        There are many everyday examples of energy being converted from one form to another. The energy of a moving car can be converted to heat via the brakes, or if you drive a hybrid it might also be converted into chemical energy in a battery only to be converted back into motion when the stoplight turns green.

      


      Energy Goes Big Time


      For millennia, humanity’s understanding of energy was rudimentary at best. If you’ve ever seen the 1980s classic Quest for Fire, you have some idea of what life must have been like for early humans who had to search for miles and miles to find fire and then keep it burning because they couldn’t replicate the process themselves. (Note: when you bring home the fire after a weeks-long search, don’t let the crazy guy in the tribe carry the lantern into a lake during the celebration.)


      We can only guess as to how the discovery of how to make fire impacted those early peoples. We have nothing on that scale in modern history to compare it with. As time went on, we figured out how to harness the wind for transportation, pumping water, or grinding grain. We improved on that whole fire business, too, so people could even have it in their homes. We also used our excessive smarts to domesticate animals and use their superior strength to till our fields and move our stuff around for us.


      In the wake of the Renaissance, though, things started to change as scientists—or “natural philosophers” as they were known—started to tinker with machines that could apply energy in a controlled way to do useful work. The standout result of this tinkering was the steam engine. The concept wasn’t new, and in fact rudimentary forms of steam engines can be traced back to ancient times, but no one had yet come up with a reliable, safe design.


      By the end of the seventeenth century, the first practical steam engines began to appear and within twenty years commercially viable models were being manufactured. Enter James Watt, who didn’t invent the steam engine by any means, but like so many other historical figures, he improved on an existing product to deliver something that was a game changer.


      Watt’s design used a fourth of the coal required by then-current steam engines. He also modified it to produce rotary motion that was especially useful for machinery used in factories that, up to this point, had to be located near a river so that a waterwheel could be used to produce the same motion. From there, the hits just kept on coming as other inventors improved and expanded on steam engine designs and ushered in the Industrial Revolution.


      This was an exponential improvement in the way humans used energy. Finally, we had found a way to go beyond naturally occurring forms of energy and instead “create” our own, on the spot whenever we wanted it. The last three hundred years have seen an explosion of human endeavor, not to mention human population, that would simply never have happened were it not for this shift to mechanized energy.


      More technologies followed, of course. Petroleum supplanted whale oil for lighting, and was in turn displaced by electricity. (We’ll see later how oil was all but washed up as a major energy source before the automobile saved it from oblivion.) Natural gas made an appearance as a fuel for heating and light, and then reappeared as a fuel for generating electricity.


      It’s hard to grasp just how quickly and drastically these changes in the energy world affected people’s lives. So much of what we take for granted today was simply not available just a few generations ago. Consider electricity: While the cities got power fairly early on, farms and rural communities lived on what they could generate themselves with small wind turbines, or they did without. By the 1930s, there were over six million farms in the U.S. and only about half of them had access to grid power. The Rural Electrification Program set out to address that and by the 1970s almost every farm in America had access to utility-provided electricity.
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          Figure 2.1 U.S. energy consumption by source. (U.S. Department of Energy)

        

      


      Where We Stand Today


      There’s no getting around the truth: We use vast amounts of energy to sustain our lifestyle. Indeed, what our grandparents might have regarded as luxury, we now view as bare necessities. This level of energy use is not good or bad in its own right—it is simply the way things are. The questions start to come up when you look at where our energy comes from and what the side effects of acquiring and using it are.


      We get our energy from a variety of sources, though most of them are fossil fuels. Figure 2.2 shows how certain fuel types are aligned with certain end uses. For example, nuclear energy goes 100 percent to generating electricity and 71 percent of our oil resources support transportation. The left side of the illustration lists all of the major sources of energy supply. This includes petroleum, natural gas, coal, various renewable energy sources, and nuclear power. The right side lists all of the areas where this energy gets used: the transportation sector, which includes our cars, vehicles, ships, trains, and airplanes; the industrial sector, which includes our factories; the residential and commercial sector, which includes all of our homes and offices; and the electric power sector, which includes all of the nation’s power generators that produce electricity. The busy web of lines connecting the two shows the sources of energy and where they are used.


      The U.S. is an interesting case in the energy world. We have the dubious distinction of having gone from being the world’s leading exporter of oil to the world’s largest importer in less than fifty years.11 We have also seen the energy intensity of our economy—the amount of energy required to produce a dollar of GDP—drop dramatically as we’ve moved more of our production from manufacturing to service and other “new economy” sectors. And despite our notable absence from the Kyoto Protocol on global warming, most everyone agrees America holds the technological and political keys to solving the global energy-climate challenge.


      Can we make the shift? Can we keep the trappings of high-energy society in communications, health care, transportation, and all the rest and still preserve our planet’s capacity to support human life? We’ll try to answer that in the coming chapters.
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          Figure 2.2 Where our energy comes from and where it goes.

          (Energy Information Administration)
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      Oil, Oil Everywhere:

      The World of Oil

    


    
      Old newspapers, soda cans, plastic bottles—these are what most of us would think of when we think of “recycling.” Maybe yard waste turned into compost. But what about the history of recycling? How long would you guess it has been around?


      Some say that the modern recycling movement got its start after the first Earth Day in 1970. Some others would point out that people have been doing it for much longer. In Japan, for example, waste paper was being re-pulped into new paper as far back as 1031 AD.


      In this part, we’ll be discussing the planet’s oldest recycling program—the process by which oil and other hydrocarbons are created from the eons-old remains of plants. We’ll explore the science of how oil deposits are formed and how they’re discovered, and we’ll cover how crude oil is processed into gasoline and the many other products that are derived from it. Finally, we’ll provide an overview of the business and political aspects of oil, with some interesting history sprinkled in because oil certainly has a colorful history.


      The story of oil is in many ways the story of modern industrial society, with all the pluses and minuses that go along with it. This one fuel shows probably better than anything else in this book just how vital energy—and specifically oil—is to our everyday lives.

    

  


  
    


    
      
        3

      


      
        Black Gold: A Brief History of Oil

      

    


    Introduction


    It is nearly impossible to overstate the extent to which oil shapes our everyday lives. Most often we think of it as the primary input to producing gasoline, or perhaps as a geopolitical trump card. But oil has many uses that extend well beyond its role in transportation. To illustrate the point, consider running. No car means no oil, right? Wrong. Synthetic fibers like polyester, lip balms made from petrolatum, shoes with ethylene vinyl acetate (EVA) soles—all of these items are derived from the same crude oil that powers our cars, and transportation underpins the production and distribution of all of them.


    It wasn’t all that long ago, however, that oil was still a geological curiosity, good for waterproofing your canoe perhaps, but not much else. How times change.


    Early Uses: Ancient History


    Oil has been used for a wide variety of purposes since the earliest of times and is mentioned in the writings of many ancient historians. According to Herodotus, the ancient Babylonians used asphalt in building their city walls.1 The Bible, too, refers to pitch (a highly viscous liquid derived from petroleum) being used to cement walls and provide light to ancient Babylon.


    Our man in ancient Persia (Herodotus again—he really got around!) also reported night scenes in Egypt replete with oil lamps burning through the night. Oil lamps were also used in rituals according to ancient texts from India. In fact, the use of oil for light, heat, and as a medicine was common across the ancient world. Native Americans, Chinese, Europeans, and others all made use of the curious black goo.


    Early European settlers in North America noticed a native practice of skimming oil off the surface of ponds, and later local tribes passed on some handy home remedies for treating frostbite to Washington’s troops.


    
      Fun Fact: Did You Know?


      n The Chinese hold the record for the earliest known oil well, drilled around 347 AD using bamboo tubes.


      n The Chinese also used oil for medicinal purposes. After it was filtered through cloth, the fine oil was used as balm for the skin.


      n Baghdad’s roads were paved with tar as early as the eighth century.2


      n Ancient Egypt may have been home to the first quick-lube service: evidence suggests oil was used to lubricate the axles of chariots.


      n The advent of the automobile, which drove demand for oil, was welcomed as a relief from pollution and disease. Turn-of-the-century New York City, with its 120,000 horses, had to dispose of up 2.4 million pounds of manure every day.

    


    Oil in the Middle East: A Brief History


    As early as the eighth century, by-products of petroleum were being used in the Middle East. Al-ambiq (later “alembic”) was used in ninth-century Persia to derive products like kerosene through the distillation of crude oil.3 Western Asia really had it going on with oil. Marco Polo visited the city of Baku on the Caspian Sea in 1264 and witnessed oil seeps that would later be exploited by some of the earliest modern oil wells that would serve much of the world market in the early twentieth century.


    In fact, while Titusville, Pennsylvania, is often cited as the spot where the first drilling rig hit black gold, the truth is that Baku was already in production thanks to a Russian engineer named F. N. Semyenov, who used a system of cable tools. Offshore drilling at Baku also predated the practice in America, but we’re getting ahead of ourselves.


    From Devil’s Tar to Liquid Gold


    In 1818 Martin Beatty was drilling for salt water in Wayne County, Kentucky, but struck oil instead.4 At that time, salt was an expensive necessity used to preserve and season food. Disgusted at having lost his salt well, Beatty dumped all of the oil into the big south fork of the Cumberland River. The oil quickly blanketed the river’s surface for thirty-five miles, caught fire and destroyed thousands of dollars of property. People in the area soon began to refer to oil as “devil’s tar.”


    Until the mid-1800s, oil was at worst a nuisance and at best a balm, lubricant, or digestive aid. As William Fowler wrote, oil in the 1860s was hailed as a “disinfectant, a vermin killer, hair oil, boot grease, and a cure for kidney stones,”5 good for making a few quick bucks where you found it, but certainly not worth drilling for. Yet today it is one of the world’s most sought-after natural resources. So when and how did this transformation take place?


    You might think it was in transportation (we did tip our hand on that one at the beginning of the book), but you’d be wrong. In fact, petroleum’s widespread use came first as a source of light. Whale oil had been used in lamps up to that point, but by the 1850s whale populations had been hunted to near depletion. Around the same time, a glass lamp of Danish design was introduced that minimized soot, allowing kerosene to be used as an alternative to whale oil. As demand for kerosene grew, so did demand for the so-called rock oil from which it was made.


    It didn’t take long for entrepreneurs to do the math and realize that there was money in oil. After some early missteps, a group of investors hired Edwin Drake to look for oil in Pennsylvania and in 1859 he found it in Titusville at the bottom of a well that was just under seventy feet deep,6 barely a pin prick by modern standards. The well produced fifteen barrels a day.


    In the months that followed, dozens of wells were constructed in the surrounding area and the first oil boom was under way. But Drake’s was not the first commercial oil well drilled in North America. That honor went to Oil Springs, Ontario, the year before, and even prior to that, the first commercial oil wells using modern drilling techniques were developed at the ancient Baku fields as we noted earlier.


    As the refining business picked up, kerosene derived from oil from these two sources—one in rural Pennsylvania, the other in mountainous central Asia—along with a third major source in Indonesia soon came to dominate the world market. America’s Standard Oil, captained by John D. Rockefeller, and a pair of Russian firms led by the Nobel and Rothschild families respectively, began an epic struggle for control of the world oil market.


    The early discoveries of oil in Pennsylvania led to others in Texas, Oklahoma, and California.7 Oil was being discovered—and developed—in other parts of the world, too. By the end of the first decade of the twentieth century, Iran, Peru, Venezuela, Mexico, and the Dutch East Indies had all joined the U.S. and Russia in the search for oil.


    The “new light” made possible by kerosene was rapidly becoming available to even the most remote locales, but the golden age of the oil industry was anything but orderly.


    Oil production went through a series of vicious boom and bust cycles that destroyed many a would-be oil man. The great Standard Oil survived by virtue of its size and market dominance, but not without its share of stress. As difficult at it may be for us to imagine today, there were several moments when the demand for oil simply could not soak up the flood of supply and price collapses were not uncommon. Kerosene was a wondrous blessing, but it could not provide a large enough market on its own for the millions of barrels coming out of an ever-increasing number of wells.


    All that changed with the mass marketing of the automobile. As we discuss in Volume 2, it’s fair to say that the car saved the oil industry. With the exploding market for motor fuel and the ongoing demand for kerosene, the industry never looked back. By the early twentieth century, oil was here to stay.


    Oil Comes of Age


    By the time of the First World War, oil was well established as an economic and social force, though coal was still the world’s primary source of energy. Factory boilers ran on it, as did steam ships and most other large engines of the day. The British Royal Navy, long the dominant force on the high seas, had already begun to switch from coal boilers to internal combustion engines running on fuel oil, and this would prove to be the deciding factor in defeating Germany’s aspirations for naval supremacy. As Daniel Yergin writes in his definitive history of oil, The Prize:8


    Oil allowed not only higher speeds . . . but also greater rapidity in getting up to speed. . . . It allowed greater radius of action. It permitted refueling at sea (at least on calm seas), without occupying a quarter of the ship’s manpower in the effort. . . . Moreover, it greatly reduced the stress, time, exhaustion, and discomfort that went with coaling and cut the required number of stokers by more than half. Oil’s advantage in terms of operations, as well as speed, could count the most at the most critical time—in battle.


    Coal would continue to account for the majority of the global energy supply for decades—in fact right up through the Second World War—but the die was cast. The newfound strategic value of oil, when layered on top of the advantages it offered in lighting and personal transportation, cemented its position as the energy source for the modern age.
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        Figure 3.1 Early production of crude oil in the U.S. (OilPoster.org)

      

    


    Where in the World Is Oil?


    Currently, the top three oil-producing countries are Saudi Arabia, Russia, and the United States. Of the world’s more readily accessible reserves, fully 80 percent are located in the Middle East, and most of that is accounted for by just five nations: Saudi Arabia, Iraq, Kuwait, Qatar, and the United Arab Emirates.


    In the years following oil’s arrival on the scene, U.S. oil companies began to look for new sources of crude, and in 1933 bought a concession in Saudi Arabia for $275,000. This came much to the delight of King Ibn Saud because the British had spent years poking holes in the desert and hadn’t found anything. It took five years, but eventually the Americans succeeded where the British had failed and landed the largest oil discovery to date.


    The U.S. has remained a major oil producer over the years due to some substantial discoveries early on but over time what we’ve lacked in reserves we’ve made up for in production from the wells we have. Today, Texas, Alaska, California, Louisiana, and Oklahoma top the list of oil-producing states, but over a quarter of U.S. production comes from offshore drilling platforms in the Gulf of Mexico.
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      The Science and Technology of Oil

    


    
      Oil is formed from the remains of plants that lived many millions of years ago, specifically algae and certain kinds of plankton. Over time, the remains were covered by many layers of mud, sand, and silt, much like layers of thick blankets. Between these layers, there was little or no oxygen present but there was a great deal of heat and pressure. In this environment, the algae/plankton mush underwent a process known as catagenesis, which is a fancy way of saying it changed into oil and other hydrocarbons.


      The resulting oil deposits are found in underground pools called reservoirs and can be hundreds or even thousands of feet below the surface of the earth. In many locations, the oil deposits also include another energy source—a combustible gas composed primarily of methane. In a stroke of branding genius, this material has become known as—get this—natural gas.


      Various ancient peoples, if they happened to live in the neighborhood of a shallow oil deposit, found oil seeping out of the ground, no drilling required. This was what Marco Polo witnessed when he visited medieval Persia.1 Oil was so easily accessible that these early wells were hand dug. Today, finding oil is a lot different, and considerably more challenging.


      Looking for Oil


      As we saw in the previous chapter, oil was initially very easy to find in certain areas where it flowed from seeps or spread out across the local pond. Not surprisingly, these sites were the first to be exploited. As time passed, the search for oil expanded into more remote areas, and deeper into the ground. Today, scientists and oil industry experts agree that virtually all of the “easy oil”—the stuff closest to the surface and, as it happens, also of the best quality—has been found.


      Oil exploration now is considerably more challenging (at least from a technical standpoint, if not as a test of human endurance) than it was in the days of John Rockefeller.


      In fact, a whole vocabulary exists within the world of oil seekers. Like other industries, the oil business (and the energy industry generally) is host to an endless stream of acronyms and jargon that to the layperson can seem like a foreign language. Pinchout, anticline, unconformities2—have you ever even heard these terms used in conversation? No, neither have we.


      But not to worry. You don’t have to be completely buzzword-proficient to understand the basics of oil exploration and production (“E&P” as it’s known in the biz).


      The Right Rocks: A Very Brief Discussion of Oil Geology


      The earth’s crust is made up of a variety of different kinds of rock, but if you’re looking for oil, all rocks are definitely not created equal. As we discussed earlier in this chapter, oil is created from deceased microscopic plants buried deep under layers of mud and silt. After a (very long) while, the heat and pressure of being buried so deep causes the algae/plankton mush to change. It changes first into a kind of sludge called kerogen, which later releases oil (and other hydrocarbons) during further decomposition that is then trapped within solid rock.


      That rock at the end of the process is called source rock. Most source rocks for petroleum are shales. These are sedimentary rocks that are formed by the compression of sand, mud, and fine-grained silt over millions of years.3 Eventually, the oil migrates out of the shale and into other rock formations, but it won’t be useful unless it winds up being stored in an easily accessible container. For that we need a rock that has room to store the oil much like a lake or reservoir would store water. Quite appropriately, these rocks are called reservoir rocks.


      If you have small children, chances are you’re familiar with a certain cartoon denizen of the undersea world named SpongeBob SquarePants. This relentlessly cheerful character also happens to share some important traits with reservoir rock, one of the most critical components of the petroleum system. There are certain types of rocks, such as sandstones, that are porous and their tiny holes “soak up” petroleum (and gas) very much like a sponge, albeit with less personality than the aforementioned Mr. SquarePants. Other types of porous rock like limestone and dolostone also make good reservoir rocks because they too are sponge-like.


      But what prevents oil accumulated in the “sponge rocks” from leaking out? In order for petroleum to collect in an underground reservoir, nonporous rocks of some sort need to be present to trap the oil. These types of rocks are called, yes, trap rocks. (Clearly the same marketing genius that gave us “natural gas” came up with this one too.)


      Trap rocks are also known as impermeable rocks or seals, and they are usually shales, salt, or cemented sandstone—all nonporous. However, as oil matures in the reservoir, it becomes lighter and more buoyant. This can cause it to migrate toward the surface, and if the seal is breached it may leak out of the reservoir. Tectonic disturbances can create breaches in the seal, and when that happens, you eventually get a seep, like those the folks living near Baku noticed all those centuries ago.


      It’s important to note that oil and gas are not the only things you’re likely to find in a reservoir rock. In fact, most of the fluid present is just a salty solution known as formation water. As a rule, a useful oil well—also known as a productive reservoir—will have at least 40 percent oil in the mix.4 Any less than that and the oil tends to stay behind and the reservoir produces only water, a disappointment known in the industry as a wet reservoir.


      Types of Oil Formations


      So, in order to have a useful reservoir of oil, we need the right source rock with at least 40 percent hydrocarbons that are kept in place by a seal. These collections of oil (and gas) are known as traps, and they come in a variety of shapes and sizes depending on the particular geology of the surrounding area.


      Planning an Easter egg hunt party for kids requires a good strategy for hiding the eggs. One needs to make some easier to find for the little kids, and others much more difficult for the older children. Searching for oil reservoirs trapped deep inside the earth is in some ways an adult’s version of an Easter egg hunt. And in this case, the search is extremely difficult. In this section we will run through various types of oil formations that geologists typically encounter.


      Anticline trap—When layers of rock under the earth’s surface are folded in a semicircular shape to create a dome, it is called an anticline. Because oil floats on water, the oil will creep to the top of the anticline. A layer of nonporous rock keeps the oil from migrating further, and the result is known as an anticline trap.
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          Figure 4.1 Oil seeps to the surface without a trap (top) while gas, oil, and water often occur together in a reservoir.

          (Doug Jones)

        

      


      Fault trap—As its name implies, this type of trap is formed along a fault line between two large chunks of the earth’s crust along which movement can take place, causing an earthquake.


      Dipping reservoir—Not a trap per se, this refers to the nature of the reservoir itself. When the oil has accumulated in a layer of sedimentary rock that is not horizontal, it’s known as a dipping reservoir. This means that oil wells that are dug next to each other may have to reach down to very different depths to tap into the same pool of oil. As we discussed earlier, most of these reservoirs trap natural gas and oil as well as water. Since oil is lighter than water, and gas is lighter than oil, they accumulate as layers one on top of the other. Using the industry parlance, you would say that gas is “updip,” oil is “downdip” from the gas, and water will be still further “downdip” from the oil.


      Flat-lying reservoir—When a pool of oil is accumulated in a horizontal layer below the earth’s surface, it is known as a flat-lying reservoir. These are handy for drilling since all wells drilled to tap into it can be of the same (or similar) depth.


      Pinchout5—When layers of sedimentary rock become thinner in one direction, they can close off an oil reservoir on one end. This is known as a pinchout, and the same “updip” and “downdip” terms apply as with dipping reservoirs in anticline traps.


      Unconformities—In some places, erosion can remove an entire layer of rock before it is buried. In a very real sense, these unconformities represent the loss of whole sections of geologic history, as much as hundreds of millions of years in some cases. For our purposes here, they can also act as an oil reservoir, provided the newer layers of rock above form the necessary seal.


      Hunting for Hidden Gold


      The scientists, geologists, and geophysicists whose job it is to look for oil are the Indiana Joneses of the energy industry. They are the archaeologists and serial treasure hunters of “black gold.” Although these professionals have far better tools than their predecessors, finding oil or natural gas today still requires a blend of science and art—not to mention luck.


      To locate oil deep under the surface of the earth, geologists and scientists perform various studies. Their task is to find the right conditions for an oil trap using sophisticated equipment, tools, and software in order to give the engineers, technicians, and drilling crew the best chance of hitting pay dirt when the drilling begins. The role of the geologist at this stage is a very important one as physical drilling for oil is a very expensive endeavor. Drilling on land can cost several million dollars per well and offshore platforms run up to $3 to $4 billion just to construct.6


      Traditionally, geologists studied surface features, surface rock, and soil types, and some small core samples obtained by shallow drilling. Once they mapped and interpreted the surface areas, extracted core samples and studied the outcrops (an exposure of rock or mineral deposit that can be seen on the earth’s surface), they then proceeded to measure the dips (remember updip and downdip from the previous section?). This process informs the geologists as to how deep and wide the oil reservoir is.
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          Figure 4.2 Types of oil reservoirs. (Doug Jones)

        

      


      Modern oil geologists and geophysicists do the same, but they use a variety of other techniques as well. They leverage sophisticated technical gadgets and equipment to home in on the right location for drilling, much like the intrepid James Bond relies on his fatherly master of gadgetry, Q. So, in addition to soil and core samples, modern geologists also use satellite images to locate seismic lines, map rock formations, and update coordinates of old well locations.


      They use gravity meters to measure tiny changes in the earth’s gravitational field, as well as sensitive magnetometers to measure tiny changes in the earth’s magnetic field to infer the thickness of sediments that lie below. They also have sensing devices known as sniffers to detect the presence of hydrocarbons, and they manufacture seismic shock waves to map the layers of rock deep below the surface.


      Actually, seismic surveys are used to determine both the type of reservoirs that lie below the surface as well as specific locations to begin drilling. They are typically used to clarify the boundaries of existing oil prospects, and are remarkably simple. Basically, it comes down to making a big thump in the ground and measuring the shockwaves as they are reflected back from the various layers of material.


      Dynamite used to be the thump-making device of choice, but environmental restrictions have precipitated the introduction of relatively earth-friendly (not to mention human-friendly) technologies. Enter the “thumper truck.”


      A thumper truck is outfitted with a large pad that, when the vehicle reaches an appropriate site, rests directly on the ground to raise the truck so that the pad supports the full weight of the vehicle. The truck then begins to vibrate, sending tiny shockwaves from the pad into the ground. These shockwaves reflect off of layers of soil, rock and—if all goes well—oil. The arrival times of the returning waves are fed into computer systems that process the data and create displays that show cross-sections of the earth’s layers as 2D images called seismic lines.


      For exploration over water, compressed air guns are used to shoot a pulse of air into the water, and from there the process is the same. The shockwaves from the pulse are reflected back to the surface and the resulting data are fed into the same kind of mapping system. This and other technologies allow today’s oil explorers to create 3D digital maps of oil reservoirs that can be further analyzed. Still, even with all this technology, sooner or later you have to drill.
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          Figure 4.3 Searching for oil using seismology. (Institute of Petroleum)

        

      


      Cutting the Gordian Knot: Drilling for Oil


      When the peasant Gordius, his wife, and his son arrived in a public square riding in an oxcart, he was immediately declared king of Phrygia, the result of a prophecy that stated the future king would arrive riding in a wagon. In gratitude, Gordius dedicated his oxcart to the god Zeus, tying it up with a peculiarly intricate knot. The oracle further prophesied that he who untied the knot would rule all of Asia. An ambitious man named Alexander dispatched the problematic knot in 333 BC with a vigorous stroke of his sword before going on to conquer Asia, fulfilling the prophecy and earning himself a place in history as Alexander the Great.


      So how does one cut the Gordian knot of oil exploration? You simply have to dig. Clues from the earth are no doubt enticing, but digging a hole in the ground is the only way to learn if an oil or gas field really exists in a given location.


      Now, you might think that after 150 years of drilling for oil, we’d be pretty good at finding it. In fact, even with the superior technology available today, the chances of striking oil in even the most promising location are still only about one in three. If you are drilling in completely new territory (i.e., without the benefit of known reservoirs nearby), that probability is much lower. The chances of a new well in an uncharted area striking pay dirt are around one in forty.


      So, you can do all of the profiling you want but sooner or later you’re going to have to make a hole in the ground and that means building a drilling rig. (You may sometimes hear about it being referred to as an “oil rig” but that is incorrect nomenclature. The term “drilling rig” is used by industry insiders.) In the following sections, we’ll get to know the basic components of these structures and find out how they work.


      Preparing to Drill (on Land and on Paper)


      Once the location has been selected, environmental studies are first performed to assess the impact of drilling on the local environment. Thereafter, lease agreements, titles, and right-of-way access for the land must be obtained and evaluated legally. In addition, for offshore sites, legal jurisdiction must be determined. Can the oil company legally drill at that offshore location or do they need to purchase oil exploration permits from the country whose territory includes the waters in question?


      Once the site has been identified and all the legal questions settled, preparations for drilling can begin, and from here we’ll stick to land for convenience.


      First, the site must be cleared and access roads might need to be built. A supply of water will be needed for drilling, so if there isn’t a nearby source, a well will need to be dug at the site. Similarly, the rock and mud taken out of the ground in the drilling process have to go somewhere, so a “reserve pit” is also dug to take the material as the drilling progresses. These pits are usually lined with plastic to isolate the material and protect the surrounding environment. If the site is an ecologically sensitive area, such as a marsh or wilderness, then the cuttings and mud must be trucked away for disposal off-site.


      Down the Rabbit Hole


      Alice’s adventure in Wonderland begins when she sees a white rabbit in a waistcoat carrying a watch. She follows this curious creature down a hole and enters into a fantastical world. The holes that are dug in an oil well are just as complex and, to the oil explorer, just as marvelous.


      Once the site has been cleared and all the preliminary work is done, the digging begins.7 In order to create a workspace around the main hole, a larger pit called a cellar must be dug. Similarly, additional holes are also dug to accommodate the rig itself. The crew can then begin work on the main hole, which can be surprisingly small. Oil wells are typically 5 to 30 inches in diameter, with the first part larger and shallower than the deeper sections.


      Once the drilling begins, the hole needs to be reinforced so a casing of steel pipe is cemented into place as a liner for the hole. The casing also isolates sections of the hole as it goes deeper, which is important from a safety perspective as the process moves through areas of different pressure. This process continues deeper and deeper with the diameter of the hole getting progressively smaller so that new sections of casing can be fed down through the earlier ones. The “casing strings,” as they are known, are kind of like matryoshka dolls, those painted Russian dolls that each open up to reveal a smaller doll inside.


      Anatomy of a Drilling Rig


      A drilling rig has many complex tools, machines, and systems, all of which work together to reach down to the oil trapped in the reservoir and safely extract it to the surface. Again, we’ll focus here on land-based rigs since they are the most common, and they share many of the same basic elements with offshore drilling rigs.


      A drilling rig can come in many variations depending upon the size and scope of the drilling operation. All are commonly recognizable due to the derrick, a towering framework of steel beams that holds the drilling machinery and tools. The derrick also supports the rotating equipment that does the actual drilling and provides a structure from which to feed sections of casing down into the hole.


      The drill bits that do the actual cutting come in a variety of shapes and are made from materials such as steel or even diamond. They lie at the end of a “drill string” that rotates with the help of a motor driven by an on-site electric generator on the surface.8


      Debris from the drilling process has to go somewhere, and carrying it back to the surface is the job of drilling mud, a mixture of water, clay, and other chemicals that also serves to cool the drill bit. Drilling mud is circulated down the drill string and back up through the gap between the drill string and the casing. It also helps to support the wall of the hole by providing pressure to the inside of the casing.


      Pressure is a tricky thing in drilling operations. Poking holes deep into the earth can unleash tremendous energy. The 2008 Paul Thomas Anderson film There Will Be Blood features a well-crafted scene where a mishap on a rig created by a gusher causes a fire and explosion, deafening the oil tycoon’s son in the process. Obviously controlling pressure is a bit more precise now. So how likely is that to happen today?
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          Figure 4.4 Anatomy of a drilling rig. (Doug Jones)

        

      


      Modern rigs rely on special valves to relieve pressure when it gets too high. These mechanisms are known appropriately as blowout preventers, and most exploration wells today can be safely drilled through most any geological formations they encounter. In the lucky event of a discovery, the production casing is simply cemented on the bottom and the well is set up for production to begin later.


      New Drilling Techniques


      Scientists and engineers are constantly working on new techniques and tools to drill for oil. Here’s a sampling of some technologies that have greatly expanded the drilling arsenal.


      3D Seismology—In previous sections, we discussed 3D seismic surveys, which have revolutionized the oil and gas industry. They have lowered costs for finding oil traps and have helped geologists find reserves that could not have been identified using any other means.


      Horizontal drilling—Over the years, drilling operations became more sophisticated, to the point where it was possible to guide the path of a well in a variety of directions other than “down.” While not new (the first horizontal well was drilled in Russia in 1939), the process has been refined and has allowed oil companies to access additional reservoirs from a single rig. “Extended reach drilling” is also used to reach reserves located beneath sensitive environmental areas.


      Laser drilling—It may sound futuristic, but the idea here is simply speed. Laser drills are expected to allow recovery of oil and gas reserves ten to one hundred times faster than conventional methods by cutting through rocks several times faster than metal screw drills.


      Deep sea drilling—Increasing demand coupled with rising oil prices have pushed energy companies farther out to sea, drilling deeper than ever in their quest for energy. Finding oil miles below the earth’s surface in a place where the surface itself is ten thousand feet underwater represents the “final frontier” for oil exploration. With the help of advanced computer modeling and offshore drilling techniques, though, it’s no longer strictly science fiction.


      Dwelling on Oil: The Many Different Types of Oil Wells


      In any new well, production of oil starts off at a certain pace and then declines over time. This is due to the pressure in the well, which decreases as the oil is extracted. The well will remain productive as long as there is enough oil coming out, even if the pressure has to be kept up by artificial means. If the amount of water coming out with the oil gets to be too much (i.e., over 60 percent), then the well is likely to cease being commercially productive. There’s still oil in the reservoir, but it cannot be recovered economically.


      The commercial lifespan of a new well can run from three to fifty years and the production level can vary widely—as low as twenty or thirty barrels a day to as much as fifty thousand. Projecting the productivity of a given well involves a projection of historical records for the area in which a given well is located, and engineers will typically look at the rate of decline for nearby wells and apply that to the one in question.


      Well logs describe several characteristics such as the density of the rock at various depths. They keep track, too, of what type of rock is discovered as a wildcat well is drilled and the composition of fluids found in the rock. Based on this information and other available data, a decision will be made on whether the well will go into production or will join the many of its brethren that are abandoned before any oil is recovered.


      A wildcat well is one that is drilled in an area without other productive wells, and therefore is harder to predict in terms of productivity (or indeed, whether there will be any oil at all). If the oil well is drilled in a frontier area where there is no oil production anywhere near the area to be dug, it is known as a rank wildcat well. Today, the average wildcat well has only one chance in ten of finding a large enough accumulation of petroleum to make it financially viable. The figure for rank wildcats is around one in forty.


      
        Fun Fact: What Is the Origin

        of the Term “Wildcat Oil Well?”


        A wildcat venture,9 such as a wildcat oil well, is a very risky and speculative one. The term is reported to have been derived from “wildcat bank,” which referred to a bank in Michigan that went under in the 1830s. The failed bank’s notes featured an image of a wildcat on one side.10

      


      An oil well that is currently producing oil or natural gas is known as a production well or simply a producing well. A producing oil well with a strong natural flow (so that pumping is not necessary) is called a flowing well, and a well that has so much pressure it spurts oil like the spray from the blowhole of a whale is called a spouter, but those are a very rare occurrence.


      As we’ve described, a test well drilled in the hope of discovering a new pool of oil or gas is called a wildcat well, which in turn produced the term “wildcatter” to refer to the person backing the exploratory venture. If the well taps a deposit of petroleum, it is called a discovery oil well or a discovery gas well, according to which is found. We covered wet wells earlier, but if not even water shows up, it’s a dry hole or a duster.


      Wells drilled into the same reservoir after an initial discovery has been made are called development wells. The next well drilled after a new discovery confirms that discovery and hence is called a confirmation well, or if used to establish the size of the reservoir, it is called an appraisal well. Additional wells might also be drilled at the edges of a known reservoir in order to see if it extends even further, and these are known as extension wells.


      Toward the end of its life, when a well is down to producing less than ten barrels a day, it is given the unfortunate designation of stripper well.

    


    
      Fun Fact: Did You Know?


      Industry experts tell us that most of the remaining oil reserves in the U.S. are to be found on federal lands, up to 85 percent, in fact. In order to access these reserves, oil companies must get permission from various state and federal agencies. Even then, they don’t own the land—they lease it from the government. This is also true of most oil reserves around the world. The government that holds jurisdiction over the land above the reservoirs has for the most part owned the particular underground petroleum resources.
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      Refining and Distribution

    


    
      Role of an Oil Refinery


      Crude oil as it arrives fresh out of the ground isn’t useful for much in our modern mechanized society. Gasoline, diesel, home heating oil—all of these products come from the same place but they are chemically different from one another. Separating them out from crude oil (and one another) is what the refining process is all about. Refining also removes contaminants from the end product, whatever it might be.


      Most refineries aren’t located close to the wells that pump the crude, so the oil must first be transported by pipeline or some bulk carrier like a ship or train. Once at the refinery, crude oil is stored in tanks, sometimes a lot of tanks, in which case the storage facility is known as a tank farm. From there, it’s pumped into the part of the refinery where the process begins.


      From the Refineries to Your Local Gas Station: The Science of Oil Refining


      All crude oil is not created equal, and in fact oil recovered from one well might be vastly different in terms of its makeup than that from another region. You might have heard of “light sweet crude,” for example. “Light” refers, literally, to the weight of the oil—the lighter it is, the easier it is to refine and, not surprisingly, the more valuable it is. “Sweetness” in oil jargon refers to the amount of sulfur present in the oil, and in this case less is definitely more. “Sweet” crudes are lower in sulfur and are easier to refine, allowing them to command a higher price.1 Saudi Arabia boasts some of the largest oil fields in the world, but it also produces a superior product. Light, sweet, and easy to reach—it doesn’t get much better than that in the oil business.


      No matter where the crude oil comes from, eventually it will end up at a refinery where the various useful products are separated from one another in a process known as fractional distillation. Basically what happens is the many different substances found in crude oil are divided up according to their weight, rather like a high school wrestling team. The team as a whole—the crude oil—enters a tall chamber where it is heated until it vaporizes. As the vaporized oil rises inside the chamber, it cools, but not all at once. The heavier “fractions” (i.e., our more burly wrestlers) drop out first. As they cool, they condense back into liquid form on a series of trays, each one a little higher up in the chamber than the last. In this way, the various hydrocarbons (wrestlers) are separated into their appropriate weight class.


      The lighter the fraction, the higher up in the column it condenses. In an average barrel of crude oil, the fractions, moving from lightest to heaviest, include the following:2


      Dissolved gases Gas oil


      Petroleum ether Lubricating oils


      Gasoline Fuel oils


      Kerosene Asphalt


      Looking at this list, you don’t have to be an economist or a chemical engineer to figure out that the third one is your big money maker, but the distillation process will only yield a certain amount of gasoline from each barrel of crude oil going in. This limitation was especially vexing for early oil companies (how much asphalt do you really need, anyway?) and they set out to boost gasoline production. The result was a process called cracking which we’ll cover in a moment.


      Refining Gasoline


      Did you know that 42 gallons (one barrel) of crude oil can be converted into 44 gallons of various petroleum products?3


      So, you ask, how it is possible to make 44 gallons of oil products from just 42 gallons of oil? Well, it has to do with density. When these 42 gallons of crude are distilled in a refinery, the products they create—like gasoline, jet fuel, diesel, and so on—take up more space once they are separated out because their molecules are not as densely packed as the input crude oil. It’s a bit like the popcorn that comes out of the popper vs. the kernels that go in—similar weight, but more volume.


      Refiners can expect to get around 20 gallons of gasoline and about 7 gallons of diesel from one barrel of input crude oil. Not bad, but even though the other end products are used to make everything from floor wax to vitamin capsules, the market for gasoline is far larger.


      
        
          Figure 5.1 The oil supply chain. (Doug Jones)

        


        [image: fig_5_1.tif]
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          Figure 5.2 Crude oil distillation process. (Adapted from TheOilDrum.com)

        

      


      Get Cracking


      Cracking is simply the process of squeezing more gasoline out of a barrel of crude oil than it would normally produce. We like this term because we think it really illustrates what is going on. Here’s how it works.


      Basically, any of the heavier products from crude oil could be said to “contain” gasoline in the sense that they have all the atoms needed for gasoline within their molecules, just with a few extras added on. If you crack those molecules, as in break the chemical bonds holding them together, you could unlock the gasoline.


      Refiners use a combination of heat, low pressure, and chemical additives (to speed up the reaction) to crack heavy fractions and produce more of our favorite motor fuel. But cracking is not the only way to convert other components of crude oil into gasoline. Unification is essentially the opposite of cracking, where you take lighter fractions and combine them to make gasoline, and alteration is sort of an ad hoc reconfiguration whereby chunks of this molecule and chunks of that are assembled through chemical reactions to arrive at the right combination: gasoline.


      Incredibly, the use of cracking and other chemical techniques can allow a refiner to render up to 70 percent of the crude oil going in as gasoline coming out.


      From the refinery, gasoline continues its journey most often via pipeline, which is both the safest and cheapest way to move it, at least on land. Pipelines typically move the liquid inside them at a speed of around five miles per hour, not exactly screaming fast but good enough to get from a refinery in Houston to a distributor in Chicago in a couple of weeks.


      Wholesale sellers of gasoline and other petroleum products are known as jobbers, and there are around fifteen thousand of these local operators in the U.S. They buy from refineries and in turn sell to industrial users or to retail outlets like gas stations where the voyage from well to wheels ends in your fuel tank.


      
        Fun Fact: A Very Incomplete List

        of Products Made from Oil4


        Garden hose, false teeth, insecticides, tires, shoes, glue, roller-skate wheels, trash bags, permanent-press clothes, hand lotion, anesthetics, disposable diapers, ammonia, safety glass, eyeglasses, rubbing alcohol, fertilizers, crayons, water pipes, golf balls, detergents, antihistamines, linoleum, guitar strings, yarn, toothpaste, perfume, ballpoint pens, cortisone, heart valves, deodorant, and parachutes.
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        Figure 5.3 Products from crude oil. (Doug Jones)
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      How Do Gasoline Prices Work?

    


    
      At the time we set out to write this book, gasoline prices had blown through the $4 per gallon barrier and looked to be headed for $5 with the onset of the summer driving season.1 But a funny thing happened on the way to roadway Armageddon—prices started to drop. In fact, by the time we came to write these very lines, the national average price for a gallon of gas was back to below $3.


      The whole process happened so fast that Congress barely had time to call oil company executives before committees for the requisite on-camera grilling about prices and profits.2 So what happened? In a word—OK, two words—supply and demand. A relatively mild hurricane season allowed for Gulf Coast refineries to operate at full throttle. People started driving less. Sales of gas-guzzling SUVs plummeted (and continue to remain depressed). Public transit ridership soared.


      OK, we hear you say, but can such violent swings in gasoline prices be explained simply by people’s driving habits? What about China, terrorism, wars, the Middle East, and natural disasters? Or for that matter, what about those annoying motorized scooter things that Google employees commute on?3


      Patience, Grasshopper. In this chapter we’ll try to provide a clearer understanding of what drives gasoline prices, but you should know at the outset that with this particular commodity, there is always a bit of black magic mixed in with the economics.


      Gasoline: What’s Your Favorite Flavor?


      Ben & Jerry’s has created an ice cream empire by coming up with a seemingly endless variety of flavors.4 Gone are the days of simple vanilla, chocolate, and strawberry. Now you can get concoctions with names like Chunky Monkey and even music tie-ins like Cherry Garcia, which we’re told is now Ben & Jerry’s most popular flavor. It’s all basically the same stuff underneath (cream, sugar, eggs, etc.), but don’t try to replace someone’s Heath Bar Crunch with plain old vanilla, even if it is “Vermont’s finest.”


      What you may not realize is that there are many different “flavors” of gasoline, too, and we’re not talking simply about the 87, 89, and 91 octane ratings. There’s low-sulfur gasoline, low-volatility gasoline, special winter blends, and fuels with combinations of these characteristics.


      The characteristics of gasoline depend on the type of crude oil that was used to make it and the processes that were used in the refinery. Gasoline formulations also depend on other ingredients that are deliberately blended into it, such as ethanol. But regardless of these variables, all gasoline sold in the U.S. must meet very strict industry standards and environmental regulations before it ends up in your tank.


      We talk about octane ratings in Volume 2, and since they are the same across the country, we’ll stick to other considerations here. As we’ll see, there are several factors that make a gallon more or less expensive.


      The Cost of a Gallon: Crude Oil


      By far the largest component of the cost of a gallon of gas is the price of the crude oil it was produced from (see fig. 6.1), around 55 percent of the retail cost.5 Prices for crude oil are set in global markets, which make them (more or less) uniform around the world. However, there are variations that creep in if, for example, you need to ship a barrel of crude halfway around the world rather than send it through a pipeline to a nearby refinery. Obviously, the shipping cost will make the oil in that tanker more expensive than the same stuff coming out of a pipeline just a few hundred miles away from the well head.


      The important thing to remember here is that the world oil market is about as level a playing field as you could hope to see in the realm of international trade. With a few notable exceptions, everyone pays pretty much the same price for crude oil.


      In the short term, crude oil prices are affected by inventory levels of oil companies (the barrels of crude oil tucked away in storage). In the medium term, crude oil prices are affected by production levels from the various oil-producing nations. And in the long term, crude oil prices are affected by estimates of how much oil reserves are left in the world. There is significant uncertainty surrounding each one of these issues, causing crude oil prices to bounce around quite a bit.
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          Figure 6.1 What goes into the cost of a gallon. (Gina Fesmire)

        

      


      Oil-producing nations might make favorable deals for domestic buyers, but it’s fair to say that every American refiner is affected by rising (or falling) crude prices in the same way as every other.


      The Cost of a Gallon: Regulation


      In the last chapter we provided a basic overview of the refining process, which at its simplest level is the same no matter where it takes place. However, the process can and does get more complicated and more expensive when refiners are required to meet specific regulations regarding the formulation of gasoline in a given state.6


      Some of these regulations are practical in nature. For example, many cold-weather states have rules about gasoline sold in winter months to make it easier for people to start their cars. There are also environmental regulations, and these can impact everything from sulfur content to additives like methyl tertiary butyl ether (MTBE) and ethanol.


      California (along with many other states) has a requirement for a “boutique blend” of gasoline to meet its environmental and ecological standards. In California’s case, this pricey special blend helps to mitigate smog. The state of Missouri on the other hand uses three different types of gasoline: St. Louis primarily uses reformulated gasoline which costs more than conventional gas, Kansas City uses a low-emission gasoline while the rural areas get conventional gasoline.7


      The problem is that what works for one state might not work for another. The result is that gasoline regulations can end up carving a large market into smaller niche markets, each with its own particular requirements. This can leave a given region vulnerable to localized shortages that can quickly drive up prices.


      The obvious solution—a single national fuel standard—isn’t as easy as it sounds. Refiners would have to bring their processes into compliance with that one standard (read: expensive), and as we’ve just learned, a one-size-fits-all approach would certainly not account for the environmental differences between regions. So, for better or worse, we’re likely to have this balkanized system for some time.


      The Cost of a Gallon: Refining Capacity


      Putting aside regional differences for the moment, there is also the simple question of how much gas we can actually make in a given week, month or year. It may come as a surprise that no new oil refineries have been built in the United States since 1976.8 Yes, that’s right. The last time a new refinery opened for business in the U.S., the nation was celebrating its bicentennial and a Hollywood newcomer named Sylvester Stallone was being introduced to movie audiences as Rocky Balboa.


      So why is it that now, over thirty years and nearly as many Rocky sequels later, we still haven’t expanded our refining capacity? Well, to be precise, we have increased the productivity of existing refineries, but building new ones is another story. Environmental restrictions, not-in-my-backyard community opposition, and the high cost of new construction all make new facilities a very tough sell. Existing refineries can be purchased for a fraction of the cost of building a new one, so it’s generally more economical to buy used and make whatever upgrades are necessary to produce the desired mix of products.


      Refineries are not all alike, either. Crude oil comes in many different varieties, each with its own peculiar chemical makeup, and there are refineries equipped to work with each of them, but switching from one to another can be difficult or outright cost-prohibitive. Different refineries also have varying abilities when it comes to making more or less of a particular petroleum product. Some refineries focus on gasoline as their main product while others focus on diesel and yet others focus on products for the petrochemical industry. Even within gasoline, there is a good deal of diversity in refineries thanks to the corresponding diversity in formulation requirements.


      With all of the blame that “refinery capacity shortage” has been getting, at least until the Great Recession kicked in, it is important to recognize that such a capacity squeeze is a relatively new phenomenon. Until about the mid-1990s, we actually had a surplus of oil refining capacity in the United States and until 2004 profit margins for refineries had been thin for almost ten years.9


      Starting in 1997, capital spending by major oil companies surged, reaching $12.1 billion in 2001, according to the Department of Energy. While older facilities are being closed, driving down the number of refineries in operation, the ones still standing are producing more than ever and overall refining capacity in the U.S. has increased as a result.


      Some of the improvements are simple physical changes like adding a bigger cracking unit or higher capacity pipes or pumps. Output is also being expanded through technical improvements that allow refineries to operate more efficiently and reliably, thereby minimizing shutdowns for maintenance or repair. Despite all these advances, or because of them, there aren’t as many opportunities for improvement and additional capacity will be increasingly difficult to add without building new facilities.10
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          Figure 6.2 U.S. refinery output since 1950. (Doug Jones)

        

      


      Meanwhile, there is that small matter of the cost of crude oil. Refineries need to keep a certain amount on hand as inventory, and playing the oil market on a short- to medium-term basis like that can be very risky. The cost of the inventory itself is augmented by the cost of the trading operations needed to get it.


      For now, the refining capacity squeeze in the U.S. is being made up by growing imports of refined products, largely from Venezuela, the Caribbean, and Europe. (Europeans use a greater proportion of diesel so those refiners often have gasoline to spare for U.S. markets.) In recent years, imports have met about half the annual increase in demand, with expanded capacity making up the difference. This outsourcing trend in refining appears likely to continue with other nations making investments in refining capacity. According to a recent report, $300 billion is already being set aside for refining projects around the world.


      To meet continued growth in demand along a pre-recession trajectory, it is estimated that the U.S. would have to boost refining capacity by another 250,000 barrels a day—every year. But when and where that extra capacity will come from is the billion-dollar question.


      The Gulf Coast: Our Oil Warehouse


      The stretch of coastline from Corpus Christi, Texas, to New Orleans is home to about 30 to 40 percent of the gasoline produced in the United States and is also the starting point for most major gasoline pipelines.11


      The Gulf Coast represents the highest concentration of oil refining capacity in the world; so imagine the devastating impact to our economy if this region was for some reason not able to refine the crude oil to produce gasoline. What would happen to gas prices?


      We got a sense of the answer to that question in 2005 when Hurricane Katrina swept across the Gulf of Mexico and caused a massive disruption in oil production. Nine refineries, responsible for 1.8 million barrels of crude processing per day, were closed due to damage and thirty offshore platforms were lost outright. Pipelines too were damaged, so even if production and refining had continued, the links to markets around the country were severely compromised.


      In the storm’s aftermath, more than 90 percent of oil production and 80 percent of gas production in the Gulf region was shut down for weeks because of damage to rigs and refineries caused by the hurricane. Sure enough, Katrina triggered a massive oil price shock in the open markets, mainly due to the tremendous uncertainty the storm caused, because if there is one thing that markets don’t like it’s uncertainty. On top of that, the storm took out 10 to 15 percent of the nation’s gasoline production.12 The result of this one single event had a ripple effect that extended even outside the U.S. as European countries diverted some of their fuel supplies to make up the shortfall.


      The Cost of a Gallon: Oil Companies


      The costs of crude oil and refining account for over 75 percent of the overall cost of gasoline, and to a large extent are responsible for the recent spike in gas prices. But at least up until 2009, oil companies were reporting record net profits and have been accused of price gouging. How much control do they really have on what you pay at the pump? Are they really to blame for price spikes?13


      Big oil companies make most of their money by producing crude oil and selling it to refineries. Given that they made investment decisions based on oil prices in the $25 per barrel range, it’s not surprising that ExxonMobil and Chevron raked in record profits when prices crossed $100 a barrel and topped out at nearly $150.14


      The economics are not unlike farming where investment decisions made under certain assumptions about future prices can pay off handsomely or ruin the enterprise depending on what happens in the meantime. Oil companies are large, influential corporations, but their influence doesn’t extend to power over world markets. If oil companies could truly control the price of crude oil, they probably would not have allowed the price to collapse to $10 a barrel as it did in 1998.
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          Figure 6.3 U.S. petroleum imports by region (2007). (Energy Information Administration)

        

      


      Other criticism of the oil industry focuses on lack of competition. The various mergers and acquisitions that have occurred over the last twenty years have created an oligopoly for oil and gas production as well as refining. While they can’t dictate price and availability like a true monopoly can, the concern is that members of an oligarchy can often become “friendly competitors,” since it is in all the members’ interest to maintain a stable market and profitable prices.


      So if large oil companies cannot prevent gas price spikes, then who does set the prices? It’s not a matter of “who” but “what” and the answer is the global marketplace. As we noted earlier in this chapter, the global market for oil is really a very level playing field, and has only become more so in recent years. Countries like India and China are growing, and that has created more demand for oil and gas. Meanwhile, oil is being produced by a broader set of suppliers. Still, vulnerabilities in the supply of oil, coupled with that growing demand, create the potential for high prices.


      Now that we’ve looked at what goes into gasoline prices in the first place, it’s natural to ask, is there any way to keep prices down, or at least stable? In fact, there are several ideas about how to manage gas prices, and we’ll touch on a few of them now.


      Tapping the Strategic Petroleum Reserves (SPR): Symbolic Gesture or Effective Pressure Release Valve?


      The SPR program, an emergency supply of federally owned crude oil, was started in the wake of the 1973 Arab oil embargo, and is managed by the Department of Energy (DOE).15 The reserve is housed in five underground facilities (actually, they’re salt caves) in Texas and Louisiana, and is capable of holding 727 million barrels of oil. According to DOE, the reserves are intended to serve as a buffer against short-term oil supply disruptions. Its potential for mitigating high gasoline prices has been the subject of much debate in recent years.


      Experts believe that tapping the SPR might lower prices 20 cents per gallon, plus another 10 cents if the reserve were not replenished right away. But with crude oil prices driving up the price of a gallon of gasoline by over $2 to $3 during the span of 36 months, a 20-cent decrease begins to look more symbolic than pragmatic. In 2000, the Clinton administration used 30 million barrels of SPR oil in a trade with private suppliers that returned just over 35 million barrels to the SPR. However, experts questioned the value of the move noting that it did nothing to address the root causes of price fluctuations.


      Some believe that our federal government has no business stockpiling anything, including oil. Others believe “we have to do what we have to do” to soften the impact of another protracted supply disruption, and if that means increasing our Strategic Petroleum Reserves to one billion barrels of oil, so be it.


      The U.S. is not alone in having an SPR. In fact, all member nations of the International Energy Agency (IEA) are required to maintain a supply equal to their net imports over 90 days. This network of strategic reserves was put into action following Hurricane Katrina when the U.S. received emergency supplies of both crude oil and refined products from other members of the IEA.


      
        Fun Fact: Gasoline Consumption Statistics

        in the U.S. and Around the World


        n Of the more than 840 million gallons of petroleum products the U.S. consumes each day, nearly half are gasoline.


        n This gasoline is consumed by over 200 million motor vehicles that collectively travel over 7 billion miles per day.16


        n The United States is the third largest crude oil producer in the world, but of the crude oil supplied to U.S. refineries, less than 35 percent is produced in the United States.17


        n Net petroleum imports (imports minus exports) account for 60 percent of our total petroleum consumption.

      


      Gas-Tax Holidays: Political Gimmick or Effective Tool Against Gas Price Inflation?


      Federal and state taxes on a gallon of gasoline can add up to 20 percent of the cost you end up paying at the pump. The steady increase in gasoline prices since 2007 has prompted some politicians to call for a suspension of gasoline taxes as a way of mitigating spiraling prices at the pump. “Gas-tax holidays” even made their way into the 2008 presidential election with John McCain and Hillary Clinton in favor of a summer tax holiday and Barack Obama against.18


      The effect of a gas-tax holiday to the government that offers it, whether state or federal, can be debilitating. In the summer of 2000, then–state senator Obama supported the suspension of Illinois’s gasoline tax when prices at the pump crossed the then-shocking $2 level. The six-month tax holiday caused the state to forgo $175 million in revenue.19


      At the federal level, gas taxes fittingly pay for various highway projects, so any “holiday” in tax collection would mean a similar break, or serious curtailment, in road maintenance. Historically, such tax holidays have mostly been rejected by lawmakers for the simple reason that they create such a disruption in government finances.


      So what about the impact to consumers? How much of the money from a gas-tax holiday flows into the hands of the people paying the tax?


      Advocates for the gas-tax holiday believe that every little bit helps. Economists estimate that every penny increase in gasoline costs the American consumer $1 billion annually. So if we go from $4 to $5 that means $100 billion in extra cost to American consumers. Other experts say that lower prices from tax holidays only drive up consumption, which pushes prices back up again, and the net result for the consumer is marginal at best.


      As for the gas-tax holidays proposed in 2008, assuming the average gas tank holds 13 gallons, removing the gas tax would have saved drivers about $2.35 every time they filled their tanks or about $30 over the entire summer. The suspension of the gas tax would have created on the other hand a funding gap of about $10 billion in the federal fund used to pay for federal highway construction. If the Illinois experience in 2000 is any guide, there would likely have been some reduction in the price of gas, but it would have fallen well short of the size of the tax reduction itself.20


      U.S. Fuel Blending Rules: Are They Helping the Midwest or the Mideast?


      The Clean Air Act establishes regulations aimed at reducing air pollution, but critics argue it has also sapped corporate profits and contributed to rising gasoline prices. Defenders counter that improved environmental air quality has generated more jobs than it has terminated. So why is this act at the center of the gas price debate?


      Originally passed in 1963, the Clean Air Act requires that blended gasoline be used in cities with the worst smog pollution to reduce harmful emissions that cause ground-level ozone. The rules for blending gas are set by the Environmental Protection Agency’s Clean Fuel Regulation program. They mandate that reformulated gasoline (RFG) contain added oxygen, and they set timeframes for when the fuels must be used.21 Fuel additives such as alcohols and ethers that contain oxygen can boost gasoline’s octane quality, enhance combustion, and thereby reduce exhaust emissions. MTBE (methyl tertiary butyl ether) and ethanol are the two most commonly used oxygenates.


      EPA estimates that the costs to refiners for the clean fuel regulation program is only a few pennies a gallon and hence is not a leading contributor to rising gas prices. The EPA also points to the fact that gas prices are rising in areas that do not use clean fuels as well as those that do.


      So where’s the rub?


      Gasoline producers will tell you that compliance with state and federal regulations has produced a fragmented market of “boutique” fuels, more than 15 different formulations that, while having a positive impact on the environment, have also gummed up the works of gasoline distribution. They also note that some overseas refiners may not be able to meet stringent U.S. specifications, and others will simply turn their attention to serving the growing markets of the developing world. That would mean still higher prices.


      Ethanol suppliers have weighed in, too. Their product is used as a fuel in its own right, but it still does a good business as an additive; a relaxation of blending requirements would cut into that business. Seems like everyone has some skin in the game when it comes to fuel blending rules.


      How Much Is Too Much?


      Gasoline production costs are roughly the same no matter where in the world it’s produced, driven primarily by the cost of crude oil. Differences at the retail level are caused by two major factors. One is the cost of transportation to the areas that need the gasoline and the other is government subsidy. As figure 6.4 illustrates, some countries subsidize gasoline while others put a hefty tax on it. The difference for consumers in one nation versus another can be vast.


      Subsidies, many analysts say, can actually push up global prices by encouraging rampant demand in the subsidizing country. The U.S. has relatively low gasoline taxes, but this also makes it hard for Americans to cope with gas prices that have risen from around $1 to over $3 a gallon in the last seven years. In dollar terms it’s nothing compared to the prices they pay in Europe, but on a percentage basis, it’s quite a shock.


      Put another way, if you’re already paying eight bucks a gallon, another fifty cents isn’t going to be that big of a deal since it’s only 6 percent. If you’re paying $3 a gallon, that same fifty cents represents an increase of almost 17 percent, nearly three times bigger in relative terms.


      Cheap gas prices have also allowed Americans to purchase bigger cars and drive longer distances, leaving us even more exposed to rising prices. The fuel economy of the U.S. fleet today is the lowest it’s been in twenty years, and vehicle miles traveled (VMT) is up by a whopping 114 percent over that same period of time.


      European nations put their gasoline taxes into funding public transportation and encouraging more fuel-efficient cars. Is this better than the American approach? As with all such questions, it depends on your definition of “better.”


      
        [image: fig_6_4.tif]


        
          Figure 6.4 Gasoline prices around the world. (U.S. Department of Energy)

        

      


      How to Beat High Gasoline Prices


      Here are some tips for saving gas, from the no-brainers to the less obvious:


      n Combine trips—a little planning can eliminate a lot of driving.


      n If you own two cars, drive the more fuel-efficient one whenever possible. This seems like a no-brainer, but it makes a big difference. (Don’t drive the SUV for a quick grocery store run.)


      n Carpool. If you can’t do it every day, do it once a week. If you can’t do it when you go to work, do it taking the kids to school.


      n Don’t pay for premium gas if your car doesn’t require it.


      n Stick to the speed limit. EPA estimates that every additional 5 mph you drive over 60 equates to an average of paying $.20 per gallon more at the pump.


      n If you drive a stick, keep the RPMs (revolutions per minute) down by driving in the highest gear you can.


      n Maintain your speed going uphill, but don’t accelerate—you’re fighting gravity and gravity always wins.


      n Accelerate from stops slowly.


      n Reduce your car’s drag profile by taking off ski racks and other nonessentials to create a more aerodynamic shape.


      n Weight in the car means lower mileage; lose the junk in your trunk.


      n Keep your tires properly inflated. Soft tires not only create resistance on the road, they can be a safety hazard.


      n Use the right grade oil. Thicker oils make the engine work harder.


      n Buy gasoline at night or when it’s cooler outside. The pump measures volume, not density, so a gallon at 40 degrees has more gas in it (i.e., it’s heavier) than a gallon at 80 degrees.


      Why Indeed Are Gas Prices Rising?


      Next to the Kennedy assassination and space aliens at Area 51, there aren’t many topics that garner more conspiracy theories than gasoline prices. As we’ve shown here, though, there are numerous factors that influence the prices we pay at the pump. As convenient as it would be, consumers cannot point to one single culprit that accounts for sudden upsurges in gas prices.


      Rather, it is more a case of the “perfect storm,” a confluence of forces that compound the impact that any one factor might have had in isolation. Supplies of crude oil are harder and more expensive to produce. Refineries are getting more costly to build and maintain. Both of these trends are affected by rising raw materials costs, which are in turn highly dependent on energy prices. Factor in the unprecedented—and global—rise in demand, and you begin to appreciate how large and complex a problem this really is.


      For all of the debate over the high price of gasoline, some experts believe that it might be a good thing. For example, there is some evidence that Europe’s high gas taxes have helped to mitigate its oil consumption. France has actually reduced its consumption of petroleum by 17 percent since 1980, according to the U.S. Energy Information Administration.


      In the United States, meanwhile, oil use is up 21 percent over the same period, though the country has added more people and seen its economy grow slightly faster that our European friends. As painful as they may be, rising prices do have a way of influencing behavior. Whether the tradeoff is worth it, well, that’s in the eye of the beholder.
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      Peak Oil: How Much Do We

      Have Left?

    


    
      Was Lee Harvey Oswald acting alone in the murder of President John F. Kennedy or was he merely a pawn in the hands of other larger, more powerful co-conspirators? Is Yoko Ono fairly or unfairly cast as the woman who broke up the Beatles?


      These are what most of us deride as “conspiracy theories,” but there remain some individuals who accept them as fact. When it comes to oil, the big question is: How much do we have left? To answer that, we’ll need to wade into one of the most contentious issues in the energy world, the concept (or is it a conspiracy?) of “peak oil.”


      One thing that is not debatable is the fact that oil is running out. Even large oil companies openly acknowledge that it is a finite resource. One recent oil company advertisement said, “It took us 125 years to use the first trillion barrels of oil. We’ll use the next trillion in 30.”1 However, the issue of how much oil is actually left is only the first of a two-part question. The other part, and arguably the more important, is when will oil become so costly to produce that it ceases to be viable for all the things we use it for today?


      This is probably a good time for us to make a few things clear. First, while there are plenty of compelling arguments for getting off oil that have nothing to do with how much is left (climate change and national security to name two), we will not be addressing those here. For the remainder of this chapter, we’re only interested in exploring the question of how much oil is left on earth and how much we might realistically be able to use.


      That said, what constitutes the “facts” around peak oil is still hotly debated. On both sides of the issue stand legions of oil experts, each with a particular take on the trillion-dollar question.


      How Much Oil Is Left on Earth?


      Before we dive into a reservoir of statistics (pun intended) on how much oil remains in the ground, it is probably a good idea to go over some industry jargon that we’ll need to get through this discussion. The term oil in place refers to the absolute total amount of oil estimated to exist in a given reservoir. Oil reserves are estimates of crude oil that are claimed by oil companies or governments to be recoverable from under the ground with current technologies under existing economic conditions. Proven reserves go one step further and refer to reserves that can be confidently extracted (statistically speaking, with 90 percent confidence) with current technologies under existing economic conditions.


      OK, oil in place, oil reserves, proven reserves—got it? Good. Now to the numbers.


      The most recent estimate of recoverable world oil from the International Energy Agency (IEA) is about 2.6 trillion barrels, about 1.1 trillion of which are considered to be proven reserves.2 Again, we’re talking about oil reserves that, with a high (90 percent) degree of confidence, can be extracted using current technology at current prices.


      Those are conventional oil reserves, the kind we’ve been discussing in this book so far. If you include unconventional sources of oil such as ultra heavy oil, tar sands, and bituminous schist (yes, that’s what it’s called—stop snickering), then the estimates are as high as 7 trillion barrels of oil, of which 1.1 trillion barrels are considered recoverable with today’s technology. We’ll talk more about unconventional oil later.


      The world consumes about 30 billion barrels of oil per year, and this thirst grows at about 2 percent a year. At this rate, there is at least enough oil to last most of this century according to the IEA’s estimate.


      What Exactly Is “Peak Oil”?


      When we talk about how much oil we have left, we’re actually talking about two questions. First, there is how much oil is in the ground, every molecule wherever it resides (a.k.a. oil in place). This is really an academic question since we can’t realistically expect to extract every single drop of oil from the earth. So, the second question then becomes, how much recoverable oil is there left in the world?


      Obviously, that figure is a moving target, and depends upon the effectiveness of drilling techniques and our ability to locate new reserves. Given these limitations, it stands to reason that there will come a time when the production of crude oil will reach a plateau, beyond which it will only decline in the long term. When we will reach that point is the trillion-dollar question at the center of the peak oil debate. Again, it’s not a question of exactly how much is left, or even how much is recoverable. “Peak oil” refers to the point where our ability to produce maxes out, regardless of what is left in the depths of the earth or how good we are at extracting it.


      Worldwide, we currently produce about 84 million barrels of oil a day.3 This number has grown dramatically over the last century to keep pace with oil demand, but what if our thirst for oil increases to 100, 120, or even 140 million barrels a day? Can we continue to find new oil reserves to meet that growing need? Let the debate begin.


      “We Have Plenty Left. We Just Don’t Know How Much” (a.k.a. Peak Oil Is a Myth)


      In the last half a century alone, we have put a man on the moon, built massively parallel supercomputers, decoded the human genome, created the Internet, cloned sheep, harnessed nuclear fission and studied the evolution of species. That’s a pretty impressive list, and is by no means exhaustive. You’d think a brainy lot like us could figure out how much oil is left under the earth’s surface, but the truth is it’s extremely difficult. We’ve been at this for a century and a half but as we saw in chapter 4, the oil game is still largely trial and error even with all the advanced technologies at our disposal.


      Oil exploration is also still very much dependent on human judgment, and this, dear friends, has a lot to do with why there is such a raging debate over the global oil supply. History is proof of our inability to estimate correctly. In fact, it is littered with estimates of dwindling oil reserves that have proven to be absurdly wrong. We noted earlier how the British abandoned Saudi Arabia, convinced it was one big dry hole. In 1919, the U.S. Geological Survey predicted that the United States would run out of oil in nine years,4 but by then a series of discoveries had actually created a tsunami of supply that threatened to wipe out the fledgling industry.5


      The oil shocks of the 1970s gave rise to more speculation. Forecasters predicted that oil production would peak in the mid-1980s and drop dramatically after that. Once again, reports of oil’s demise were greatly exaggerated, and by 1986 another oil glut depressed prices again. The oil market has remained cyclical, characterized by boom-and-bust periods, for several decades now.


      Another factor to consider is the degree to which a given region has been explored. It is estimated that about 1 million exploration wells have been drilled in the United States. Compare that to only two thousand in the entire Persian Gulf, three hundred of which are in Saudi Arabia. Even to this day, exploration activity is concentrated in the United States and Canada even though they hold only about 3 percent of the world’s oil reserves, largely because their political and business environments are more stable than other nations’. (Remember what we said about markets and uncertainty.)


      Still, one would think that a lot more wells would have been dug in the last century, but drilling is expensive and may not even yield a single barrel. Even with the precision that exploration wells bring to the table, experts have made many mistakes. Some of these, though, have proven to be highly lucrative for certain persevering individuals.


      Take Mike Watts of Cairn Energy.6 For years he was convinced that there was oil in large quantities deep beneath the sands of the Rajasthan desert in Western India. Few other people in the industry agreed with him. Mike’s company was in partnership with Shell to explore the area, but the two firms disagreed over whether the logs from the exploratory wells indicated oil. Shell gave up on the location and turned over the area to Cairn for a payment of $11.5 million.


      A few years later, Cairn struck oil—between 380 and 700 million barrels, in fact. The find was big enough to propel the company from a small exploration business to an industry player with a market value of nearly $5 billion almost literally overnight.


      Squeezing More Out of the Lemon


      Oil reservoirs always entrap a part of their oil, even after very long and intensive drilling. (Remember those TV ads for English muffins with their “nooks and crannies”? Same idea.) This means that oil fields that no longer produce oil and are considered to be exhausted may still contain a lot of oil that wasn’t extracted because the technology at the time was not sufficient to do it in a cost-effective way. As an analogy, consider a lemon. A wooden citrus reamer from the 1950s can only squeeze so much juice out of a lemon, but a modern electric juicer can extract far more.


      Sixty years ago the recovery rate for the average oil well was about 15 percent. As technologies improved, this figure grew to about 20 percent by the 1970s. The modern recovery rate for oil is about 35 percent. This means that using today’s technology, only about 35 barrels out of 100 are brought to the surface. And only a part of the 35 barrels is immediately available for production (also called proven reserves). This shows that the role of technology is critical in assessing how much more oil can be extracted.


      Recently, the U.S. Department of Energy and the oil industry began using horizontal drilling techniques to reach oil under ecologically sensitive areas,7 and they began to experiment with using lasers to drill oil wells. These technologies and others that have yet to be invented could push the recovery rate even higher.


      And More Sediments to Explore Before We Sleep


      Getting more out of existing oil fields is one way to increase production. The other is to find new fields. In earlier chapters we discussed oil’s origins from decaying organic matter and how the resulting hydrocarbons wind up lodged in certain kinds of sedimentary rocks. As you might imagine, those kinds of sedimentary formations are of great interest to oil geologists, but to date only about 30 percent of the sedimentary basins that are believed to exist in the world have actually been explored.


      The vast resources of the new West African “Gulf States,” the deep-water fields now under development in Mexico and Brazil, the Canadian tar sands, and various locations in the Caspian Sea region point to a fairly large geography that still remains to be explored fully. How much oil might be found in these unexplored areas is an open question. We can make educated guesses, but in the end they are still guesses.


      “We Are Indeed Running Out, and Running Out Fast!” (a.k.a. Peak Oil Is a Stark Reality)


      The theory of peak oil was first proposed by an American named M. King Hubbert who spent decades working as a geologist for Shell.8 Hubbert’s theory is based on his observation that the output of individual wells and indeed entire regions tended to follow a sort of bell curve, rising to a peak and then falling rapidly. Hubbert surmised that the same would apply to global oil supply as a whole.


      Geologists today—some, at least—would argue that technological advances have the power to change that, but you have to hand it to Hubbert. He predicted U.S. oil production would peak between the years of 1965 and 1970, and he made that prediction in 1956. Not many of his colleagues took him seriously at the time, and indeed it was only in hindsight that the industry had to admit what was an incontrovertible fact: U.S. oil production peaked in 1970–71, reaching a point that by definition it would never see again.


      Today, Hubbert’s methodology is widely accepted, but there are some oil geologists who point to the power of advancing technology to change the shape of the production bell curve.9
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          Figure 7.1 Hubbert’s curve for individual wells and a region

          (or the world) as a whole.

        

      


      But if you want to see the concept of peak oil in action, you need look no further than Alaska, which after rapidly developing its oil resources reached a peak production level of 2.2 million barrels per day in 1988. Today the Trans-Alaska Pipeline is running at only about one-third capacity, raising the almost inconceivable prospect that it might become too costly to operate. If that isn’t scary enough, consider that since the late 1970s, Alaska has provided more than 20 percent of total U.S. production.10 As the once-bountiful fields of the North Slope decline, the U.S. must look elsewhere for more and more of its daily petroleum fix.


      Why Does Oil “Peak”? Why Doesn’t It Simply Run Out?


      Picture a dark room filled with peanut shells. Your task is to crack open the peanut shells, one by one, and pick out the peanuts, but on one condition: you have to throw the empty peanut shells back into the room. Over time, the number of empty peanut shells will far exceed the ones with peanuts, making it harder and harder to find the shells with the nuts inside them. In a “nutshell,” this is the same problem we face with oil.


      In the past one hundred years, oil companies have, understandably, extracted the easier-to-reach (i.e., cheap) oil first. That oil also happened to be the best quality—light in weight, low in sulfur. Over the years, these reservoirs have been depleted, pushing the oil companies to search in more challenging locations.


      The remaining undiscovered oil is more likely to be in remote areas, in smaller fields and of lesser quality than what we’ve recovered to date. In addition to becoming more expensive, oil extraction can also become energetically unviable, which is to say if it takes more than a barrel’s worth of energy to recover one barrel, why do it?


      Once we have consumed half of the earth’s reserves—whether known or unknown at this moment in time—we will begin a long slide on the back slope of Hubbert’s Peak, and there won’t be a chairlift at the bottom. For nations and economies that are reliant on ever increasing quantities of cheap oil, the consequences may be dire.


      Running on Empty


      Remaining proven reserves on the planet are estimated to be around 1.1 trillion barrels. At the current rate of consumption—around 84 million barrels a day—there would be only enough oil to sustain the planet for another 35 years under the best of scenarios. Obviously, any increase in demand would shorten that horizon.


      The IEA estimates there are another 1.5 trillion barrels in discovered-but-unproven reserves,11 but the unproven oil that remains is going to be increasingly expensive to produce and it will tend to be of a lesser quality, which in turn implies higher refining costs. Higher extraction and refining costs will have to be passed on to the consumer. Since nearly every current human endeavor is intertwined with oil supplies, it is feared that increases in oil prices could trigger economic recessions.


      Peak Oil: When Is It?


      Different regions reach peak oil production at different times. The U.S. peaked in the early 1970s and Europe, Russia and the North Sea region have also peaked. The OPEC nations of the Middle East will peak last, while Saudi Arabia and Iraq—which account for 25 percent and 11 percent of world reserves respectively—are both projected to peak somewhere in the middle of this century. We will discuss the critical influence of these two nations on the global oil economy in a later chapter.


      Unfortunately, there is a good deal of debate when it comes to estimating the global supply and demand of oil. There is even disagreement among major oil companies and between trade organizations such as the International Energy Agency (IEA) and the American Petroleum Institute about when global oil production is likely to peak. Estimates range from “it’s already happened” (James Howard Kunstler)12 to more than a century from now (the far end of the U.S. Energy Information Administration’s estimate).13 So, while we’d love to be able to give you an idea of when the end of the petroleum era might come, we’re going to have to punt.


      
        Fun Fact: Did You Know?


        Saudi Arabia has long been the world’s oil stockpile. Its massive Ghawar oil field is the epitome of the phrase “super giant.” Lately, though, oil experts have begun to seriously doubt the Saudi government’s figures as to not only how much is left in Ghawar but how much it’s actually producing on a day-to-day basis. If production at Ghawar has begun to drop off, it could potentially mean that world oil production has already peaked.

      


      Burning the Midnight Oil: Reserves and Consumption Around the World


      Why does Saudi Arabia hold such a prominent place in the oil world? What is so special about the Arabian Peninsula?


      The Kingdom has occupied the top spot on the list of the world’s biggest oil producers for a long time, and has acted as a “swing producer” in OPEC, increasing and reducing oil extraction rates to balance the worldwide market. (More on this topic in the next chapter.)


      The government says their oil reserves come to around 300 billion barrels, but those figures haven’t been verified by an outside source in decades and as such have come under increasing scrutiny. Saudi Arabia and a few other oil exporting nations consider the details behind their reserves analysis to be a national secret and hence don’t reveal the details that go into their calculations. This in itself fuels a lot of the debate and speculation around their existing reserves.


      OPEC limits its members’ oil production based on proven reserves. The more reserves you report, the more oil you’re allowed to sell on the open market. Now, what do you think the chances are that Saudi Arabia’s reserves have not changed substantially in nearly thirty years of production? Yeah, not likely, but this is in effect what the rest of the world is being told because the Kingdom continues to report virtually identical reserve figures year in and year out.


      Production at one oil field in particular, Ghawar, is hotly contested.14 At 175 miles by 20 miles and (supposedly) pumping out 4.5 to 5 million barrels per day, it is far and away the largest oil field in the world. It has produced around 60 billion barrels so far, and has around another 70 billion in the ground. This is “recoverable” oil, keep in mind.


      Saudi Aramco, the national oil company, announced in 2006 that the firm’s older oil fields were in decline, with production dropping at a rate of 8 percent per year. They didn’t say whether Ghawar was included in these “older” fields, but it might be instructive to note that production there began in 1951.


      Saudi Arabia is taking steps to offset the decline, but the only viable solution to dropping crude supplies is to locate new fields. However, it has been documented that new findings have not kept pace with growing global demand.


      
        Fun Fact: Is Saudi Arabia Running

        Out of Oil? Wanna Bet Money on It?15


        In August 2005, Matthew Simmons,16 one of the world’s leading peak oil experts and an outspoken critic of Saudi accounting methods, bet New York Times journalist John Tierney $10,000 that the price of oil averaged over the entire calendar year of 2010 will be at least $200 per barrel (in 2005 dollars).


        Tierney has no background in the industry, but his friend Julian Simon does. In the 1970s, Simon debunked doomsday fears of skyrocketing prices in his book The Ultimate Resource,17 which showed how human ingenuity had kept driving down the price of energy and other natural resources for centuries. Simon offered to make similar bets on the price of other natural resources, in one case with Population Bomb author Paul Ehrlich on the price of copper. Long story short, Ehrlich lost big time.


        As of this writing, oil prices have been hovering between $70 and $80 a barrel for several months and given the global economic environment, our money is on Mr. Tierney.

      


      Iraq’s Place in World Oil


      Iraq is second only to Saudi Arabia among oil-producing nations in terms of conventional oil reserves, but of those heavy hitters it is also the least explored. It has two main producing regions—Kirkuk in the north and Rumaila in the south—and its proven reserves at present are approximately 112 billion barrels. How much is left in Iraqi fields is anyone’s guess, but estimates from a variety of respected groups have put the number of recoverable barrels at over 200 billion. Prior to the current conflict there, Iraq’s deputy oil minister claimed that the country’s oil reserves would eventually top 300 billion.


      Prior to the first Gulf War, Iraq was producing 3.5 million barrels a day, but by 2002 that number had dropped to 1.5 million.18 In 1996, the United Nations’ oil-for-food program allowed Iraq to buy food and humanitarian goods in exchange for oil, and production rose again to 1.1 million barrels per day going into the 2003 U.S. invasion. By 2009, Iraq’s oil fields were producing roughly 2.5 million barrels a day.


      Iraq’s oil infrastructure has suffered from chronic neglect due to decades of war and conflict, lack of adequate investment from the Iraqi government as well as private investment from large international oil companies (“Big Oil”), and also as a result of global sanctions against Saddam Hussein’s regime. The current government is in the process of negotiating and signing multi-billion-dollar deals with large oil companies with the goal of tripling oil output to roughly 7 million barrels per day. This would catapult Iraq into the third-largest crude oil producer in the world.


      
        Fun Fact: Prior to the Invasion in 2003,

        Did the United States Buy Iraqi Oil?


        Yes, indeed. The United States was Iraq’s biggest customer, through the oil-for-food program. However, Iraq’s market power should be viewed in context. If it had withheld oil from the U.S., we could have simply increased purchases from other sources. Saddam Hussein cut off exports under the oil-for-food program in 2002, but the impact was negligible because Russia and other exporters with excess production capacity simply picked up the slack.

      


      The Gulf of Mexico


      At least one theory of oil’s origin on earth leads us to believe that great numbers of dinosaurs gathered and died en masse in what is now Saudi Arabia. Recent studies done in the Gulf of Mexico may lead us to believe otherwise.


      Research and exploration in the Gulf has yielded otherworldly results. Sixty-five million years ago, a gigantic meteor known as Chixculub (we’re not sure how to pronounce it either) slammed into the earth, and scientists now believe that it was this meteor strike that caused the massive dinosaur die-off at the end of the Mesozoic Era. They also believe it was the source of the Cantarell oil field in the Gulf of Mexico, one of the largest and fastest-producing in the world.


      The shock of the meteor impact cracked the bedrock below the sea floor, allowing oil to seep up from deep below. It also triggered a series of tsunamis that in turn washed huge amounts of what was until then dry land back into the crater. The resulting structure created a seal that trapped rising oil into reservoirs.


      Cantarell was discovered in 1976 and since then oil geologists have turned more of their attention to similar meteor impact formations. Much remains to be explored in the Gulf of Mexico, but at the same time the mighty Cantarell is already in decline and according to Pemex, the Mexican national oil company, is nearing the end of its lifespan. Oil production at Cantarell peaked in 2003 at 2.1 million barrels per day and is currently running at about 770,000 barrels per day.19


      Northern Exposure: Oil From Alaska


      Alaska is beautiful country, and it is also rich in oil. Alaska’s North Slope is about the size of Michigan, but its oil fields are clustered within a 100-mile belt on the edge of the Arctic Ocean. Development began in 1968 and expanded in the late 1970s following the construction of the Trans-Alaska Pipeline System, which at the time was the world’s longest. Since then, Alaska has contributed about 20 percent of all oil produced in the United States, though as noted earlier it too is in decline.


      However, the harsh environment has also made exploration difficult so Alaska remains relatively unexplored. It also makes developing known fields especially challenging (i.e., expensive) and of the North Slope’s 65 identified oil and gas deposits, only 25 have reached production. According to the U.S. Geological Survey, Alaska’s total recoverable reserves come to 50 billion barrels, but that’s spread across onshore and offshore fields, which are located in both state and federal waters.


      Sustained high prices for oil could make further development more attractive, but another market reality may render the discussion moot. The Trans-Alaska Pipeline System, which carries oil from the North Slope down to the shores of the Pacific Ocean at Valdez, is only economical to operate if it can be supplied with a minimum of 300,000 barrels per day. Given the decline in North Slope production, that threshold could come as soon as 2025. As we’ve seen, though, technology and market demand have a way of extending the life of oil-producing regions, so it’s quite possible “the Pipeline” will enjoy a considerably longer life.
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          Figure 7.2 The Trans-Alaska Pipeline and North Slope production areas.

          (U.S. Department of the Interior)

        

      


      The Arctic: Another Saudi Arabia

      Under the Ice?


      The excitement for new oil exploration has reached into the most remote locations on earth, notably into the Arctic Circle, where the shrinking ice cap has triggered a new race for territorial supremacy. Russia laid claim to the vast unknown in 2008 by planting a flag on the sea floor at the location of the North Pole. Estimates as high as 25 percent of the world’s undiscovered oil and gas resources have made the Arctic suddenly very desirable.20


      Any estimate, though, is highly speculative since much of the region is unexplored. Even if there are substantial deposits located there, extracting them and transporting the oil to market would be a monumental challenge. Still, the polar ice cap continues to melt, and is soon expected to disappear completely in summer, lowering the bar for exploration and perhaps even production.


      When it comes to the Arctic neighborhood, geologists agree that the Russian territory boasts the most petroleum. The Barents Sea, located above Norway and Russia, is rich in natural gas, as are the Kara Sea and parts of the West Siberian Basin. Geologists also see promise in northeastern Greenland and the Laptev Sea. Located off Alaska’s northwestern coast, the Chukchi Sea is a Texas-sized triangle of the Arctic Ocean just above the Bering Strait. It represents the best potential resource in American and Canadian territory.


      The problem is that most of these places lack the infrastructure needed to move the hydrocarbons to market, even if you were willing to spend the billions it would take to extract them in the first place. Some of the locales are so remote that it’s difficult to imagine building that infrastructure economically—especially in places that have only natural gas, which is more costly to transport.


      The Chukchi is close enough to the Trans-Alaska Pipeline System to make use of that channel to market, and it houses 15 billion barrels of recoverable oil according to the U.S. Department of the Interior. Industry estimates run to somewhere between 20 billion and 40 billion barrels of oil and 200 trillion cubic feet of gas, which would make the Chukchi’s reserves roughly comparable to those in the Gulf of Mexico.21


      For now, the northern Arctic remains largely a mystery. What we do know comes mainly from a 2004 expedition that was itself a massive undertaking. But the resulting analysis is tantalizing: evidence of 49 million year old plant remains, which could have formed oil and gas deposits. But if you’ve read this far, you know that the only way to be sure is to drill. Even if the Arctic does prove to hold 10 percent or even 25 percent of the world’s oil reserves, when you consider how hard it is to extract, chances are that a very large fraction of that won’t be developed, at least in the foreseeable future.


      ANWR


      At the height of the oil price spike in 2007, the call to drill in the protected lands of the Arctic National Wildlife Refuge (ANWR) grew to a clamor. Of course, no one is certain as to exactly how much oil is there but the U.S. Energy Information Administration calculates a peak production of 876,000 barrels a day that could be reached by 2025 based on the geologists’ estimation of 10.4 billion barrels of technically recoverable reserves. In reality, there could be less or there could be more.


      The very same coastal plain also happens to be home for a wide range of wildlife such as the arctic fox, tundra swan, and the polar bear. The plains also include calving areas for caribou, as well as being a stopover for an annual migration of millions of birds. The question, then, comes down to this: Is it worth it? Should we drill for oil in this ecologically sensitive area or should we look for alternative sources?


      Many of our politicians have repeatedly blocked pro-drilling legislation, arguing that the refuge would be harmed ecologically, but we’ll put a stake in the ground here and say that on a purely economic basis, developing ANWR would provide only a nominal benefit to the average American’s price at the pump.


      The reason for this is simply that even at close to 900,000 barrels a day, the contribution of ANWR to the world’s production of 84 million barrels a day would be tiny. And as we’ve noted before, it is a global market. The oil coming from ANWR fields would not necessarily end up as gasoline in Oklahoma. It might not even stay in the U.S. at all, but be shipped to customers overseas on tankers filling up at the port in Valdez. Even if the oil was used exclusively within American borders, the total reserves in ANWR represent something around a six-month supply at current consumption levels.


      So, is it worth it? Maybe. There may be political or strategic value to developing ANWR that doesn’t show up in a simple economic analysis. As with other contentious issues we’ve encountered in these pages, it depends on where you place the importance.


      
        Key Concept: Plate Tectonics


        Plate tectonics is the theory that Earth’s outer layer is made up of plates that have moved throughout Earth’s history, and is also integral to the formation of oil and gas deposits.


        Newly developing ocean basins, formed by shifting and deforming landmasses, provide just the right conditions for rapid burial of the organic material that will be transformed into oil. Plate tectonics is also responsible for creating the “pressure cooker” environment that slowly turns the organic materials into oil and gas.


        The same forces that create the locations and conditions for anoxic (oxygen deprived) burial of plant and animal material are also responsible for the “migration” of these formations around the globe. That’s why you’ll find oil derived from plants that once lived in beachy climates being pumped out of the ground in considerably chillier environments like the North Sea or Alaska.

      


      Unconventional Oil: Alberta’s Tar Sands


      As the name implies, tar sands or oil sands are a mixture of, yes, sand along with water, clay, and a sticky black gunk called bitumen. Also known as asphalt, it is primarily used for paving roads, and if you’ve ever seen the stuff being laid down, you have some idea of what tar sands look like, minus the sand. This is quite a bit different from the oil deposits we’ve discussed so far with their reservoirs and traps and telltale rocks. Accordingly, oil found in the form of tar sands is known as unconventional oil, and the differences with conventional oil extend from extraction through refining.


      Because of the heavy consistency, and the fact that the oil is mixed in with other material rather than pooled in reservoirs, oil from tar sands must be extracted using one of two different technologies. The first is simple surface mining—the surface soil is removed, and the dirt-sand-oil mixture is loaded into huge trucks and carted off for processing.


      However, only about 20 percent of a given tar sand deposit is near enough to the surface to make use of the mining technique. Most of the oil has to be extracted using a drilling process known as steam-assisted gravity drainage or “SAGD” (pronounced “sag-dee”). In this method, two holes are drilled. The first allows superheated steam to be pumped underground. That in turn loosens the dirt-sand-oil mixture enough to be drawn up through the second hole using a conventional pump system.


      Whether extracted through mining or SAGD, the “oil” at this stage is still a long way from being equivalent to Saudi crude, and more importantly from being able to be refined. First, the bitumen has to be separated from the clay, sand, water, and other impurities. Next, it has to be thinned by adding lighter hydrocarbons that allow the product to flow through pipelines. This process of separation and thinning is known as “upgrading” and the end result is what we would consider crude oil. Upgraded tar sands oil does still have some unique properties, but these are in line with the idiosyncrasies found in crude oil from any given region.


      Obviously, oil sands have been with us for millions of years, but until recently it simply cost too much to exploit them. The extraction and upgrading processes added a premium that at $20 a barrel simply couldn’t be recovered. There were also technological limitations, but recent advances and rising oil prices have turned things around.


      While many of the familiar oil-producing regions have tar sands (e.g., Venezuela, the Middle East), the largest of the word’s tar sands deposits are located in the Canadian province of Alberta. The U.S. has some small tar sands reserves in Utah, though these amount to less than 20 million barrels of oil according to the most generous estimates.


      Geologists have estimated Alberta’s proven reserves using current technology at 175 billion barrels,22 enough to move Canada into second place on the global reserves list when the country reclassified the deposits as “oil reserves” in 2002. Some long-range estimates of what might be recovered with improved future technologies run into the trillions of barrels.


      There are, of course, some hurdles to overcome with tar sands development. First of all, you have to move all that material, upgrade it, and then move the crude oil to refineries. It takes around two tons of tar sand to make one barrel of crude oil. That takes a lot of infrastructure, which is only now being built. Second is economics. In the months we spent working on the manuscript for this book, we saw crude hit $143 a barrel and drop to $40 in a matter of months. That kind of market uncertainty wreaks havoc on oil company investment plans, and at the time of this writing it is unclear what the near term holds for Alberta’s oil sands.


      There are also significant environmental considerations with developing tar sands deposits, but we’ll get into more detail on those in a later chapter.


      
        Fun Fact: Oil Fields Around the World


        n Worldwide, there are over 4,000 oil fields in production today.


        n These oil fields contain almost one million individual oil wells and produce over 80 million barrels a day of crude oil.


        n In 2007, the world’s daily petroleum consumption averaged a new high of 86 million barrels a day. Thirty years ago, the world used 50 million barrels a day, and in 1950 only ten million barrels.


        n In total, 83 nations produce some amount of oil.


        n Today, 31 percent of the world’s daily crude production comes from the Middle East.

      


      Conclusion


      If you feel like you’ve just slogged across several miles of unrefined bitumen in this chapter, we can’t blame you. Of all the energy commodities, oil is probably the most challenging to grasp. It’s also probably the most volatile—economically, politically, socially—which is why we spend so much time in this book talking about where it comes from and how it’s used. So, we thank you for your perseverance.


      We hope you now have a working knowledge of the science of oil production, and a bit of economics thrown in there as well. For a refreshing change, we’ll next move out of the science and into the more human side of oil, starting with the history and uncertain future of the Organization of Petroleum Exporting Countries (OPEC).
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      OPEC and the Role of the Oil Cartel

    


    
      Even if you don’t know what the letters stand for, you’ve probably heard of OPEC and you probably know it has something to do with oil. If you were buying gasoline in the early 1970s, you might have an even more particular idea of what the Organization of Petroleum Exporting Countries is and its role in the world oil market. Before we get to OPEC, though, we first need to understand the nature of the commodity we’re dealing with.


      Diamonds, cocaine, oil—what could these three things possibly have in common? They are all what economists would refer to as products with an “inelastic market demand.” Demand for them is so great that people will buy them even if the prices are artificially hiked or manipulated.


      These products are also (typically) available from a few select suppliers. If you’re in the market for any one of them, chances are you’re familiar with the main suppliers, even if you don’t buy directly from Exxon, DeBeers or the Medellín Cartel. (And we don’t recommend doing business with the last one under any circumstances.)


      The term “cartel” applies to any situation where a small group controls virtually all of the supply of a given product. Like the coca kingpins, OPEC too is a cartel—it just happens to be recognized by the international community and sells a legal product. In this chapter, we’ll look at OPEC’s origins, its rise to power and its somewhat reduced role in today’s global oil market.


      Few Suppliers, Many Buyers, Addictive Products: A Breeding Ground for Cartels


      OK, let’s say you want to start a cartel. You and a few “friends” control a good portion of the supply of a given commodity, like widgets. The purpose of your widget cartel is to control the price, but to do it in a coordinated fashion with your competitors so that widget buyers won’t have a lower-cost alternative source to run to. That way you and your widget-maker buddies all profit.


      Obviously, this sort of coordination is easier with a small number of players, and it’s even better when those few suppliers serve a large number of customers. No Wal-Marts using their buying power to demand lower widget prices.


      The other key component is inelastic demand, and boy, you’re in good shape there. People love widgets—can’t get enough of them. In fact, over time, the use of widgets has only increased. The U.S. market has grown steadily and now developing countries are buying widgets in greater and greater quantities as prosperity widens across a burgeoning middle class.


      In addition to setting the price, you and the other members of the widget cartel might agree to divide up the world market so as not to compete with one another, or limit the supply of widgets into the overall market to maintain control over prices. You might do a combination of all these things.


      After a while, though, this highly profitable business starts to attract new entrants and before long the once-mighty cartel just doesn’t seem to have as much influence as it did before. That’s more or less the story of the oil cartel, but let’s have a look at its actual history.


      OPEC’s objectives, according to its own bylaws, are as follows:1


      OPEC’s principal aims are the coordination and unification of the petroleum policies of member countries and the determination of the best means for safeguarding their interest, individually and collectively. The Organization shall devise ways and means of ensuring the stabilization of prices in international oil markets, with a view of eliminating harmful and unnecessary fluctuations. Due regard shall be given at all times to the interest of the producing nations and to the necessity of securing a steady income to the producing countries, an efficient, economic, and regular supply of petroleum to consuming nations, and a fair return on their capital to those investing in the petroleum industry.


      Cartels mainly look out for their own interests, but in doing so they can sometimes provide a beneficial service for the market as a whole. OPEC is a classic cartel, but it wasn’t the first time such an organization held sway over the oil industry. And if you’re thinking, “Standard Oil!” well, you get partial credit (Standard was more a flat-out monopoly), but the precedent for OPEC goes back even further to the early days of the oil industry in America.


      Solving the Boom-and-Bust Problem: The Texas Railroad Commission and the New Deal


      Hard to believe, isn’t it? The precursor for OPEC was in fact a product of Great Depression government intervention in the U.S. oil market. The oil business in America in those days was dominated by Texas and Oklahoma where massive fields were being rapidly developed by major producers and independents alike. The situation was so bad that crude was being sold for as little as 10 cents a barrel when it cost 80 cents to produce.


      Oklahoma’s Commerce Commission had the ability to set production levels, but Texas’s regulator, the Railroad Commission, did not, at least not until anarchy in the market threatened to take down the entire industry. Finally, in November 1931, Texas Governor Ross Sterling gave the commission the power to control production. In 1933, FDR issued an executive order to stop the flow of so-called hot oil that dodged state-level controls, and later a national Oil Code was implemented under the National Industrial Recovery Act. That legislation gave the administration the ability to set production quotas by state, an extraordinary power that was nevertheless welcomed by an industry weary of years of turmoil.


      The story of the Texas Railroad Commission2 and the subsequent actions by FDR’s administration did not fade into history, certainly not for Alfonso Perez, who in 1958 returned from exile to his native Venezuela to become the country’s new oil minister. Alfonso wanted to implement a quota system for the western hemisphere, to stabilize the oil market while ensuring the producing countries, which now included Canada and Mexico; each got their fair share of the market. But he got no traction in Washington, so he turned his attention to the Middle East.


      OPEC: An Introduction


      Driven largely by Alfonso Perez’s efforts, OPEC was created in 1960 by five founding members: Iran, Iraq, Kuwait, Saudi Arabia, and Venezuela. These countries were later joined by seven others: Qatar, Indonesia, Libya, United Arab Emirates, Algeria, Nigeria, and Angola. Ecuador and Gabon joined OPEC in the early 1970s but withdrew their membership in the 1990s, though Ecuador rejoined the cartel in 2007.


      The first half of the twentieth century had seen the emergence of a group of oil companies that dominated the world’s oil production after World War II. They came to be referred to as the “Seven Sisters” and their ranks included Standard Oil of New Jersey, Royal Dutch Shell, Anglo Persian Oil Company, Standard Oil of New York, Standard Oil of California, Gulf Oil, and Texaco.


      Being well organized and able to negotiate as a cartel in their own right, the Seven Sisters were able to have their way with most oil producers in the developing world. They controlled every stage of the supply chain from production through refining and distribution, right down to the retail level. Profits were good, to put it mildly.


      In a lot of ways, OPEC was formed as a counter-cartel to the major oil companies. Governments of oil-producing nations started to nationalize the industry (e.g., Mexico in 1938) or negotiate better deals with the oil companies (e.g., Venezuela in 1943). Other producing nations followed suit, but they were still largely at the mercy of the oil majors who had the technology and expertise needed to bring oil to market.


      The catalyst for OPEC’s formation may well have been a quota set up by the U.S. government in 1959 that restricted the importation of both crude oil and refined products. However, the Mandatory Oil Import Quota Program, or “MOIP,”3 treated oil imported over land (i.e., from Canada and Mexico) differently. In fact, it was not uncommon for a tanker to deliver its contents to Mexico so the oil could make the last few miles of the journey by pipeline. Still, MOIP did discriminate against Persian Gulf suppliers and initially against Venezuela as well. It is perhaps not surprising that the nations affected by the U.S. policy founded OPEC the following year.


      OPEC’s Growing Influence


      OPEC kept a relatively low profile in its early years. The member countries were mostly interested in simply getting a better deal with the major oil companies who they had to work with if they wanted to exploit their countries’ most lucrative natural resource.


      As time went on, OPEC members began to assert more control in the setting of prices on the international market by taking back more and more control over oil production in their respective countries. In 1963, OPEC raised prices unilaterally for the first time. A decade later, the West was introduced to a new reality. The Arab oil embargo of 1973 and the Iranian Revolution of 1979 triggered huge price spikes at the very moment that U.S. production started to decline. OPEC had arrived, led by its main “swing producer,” Saudi Arabia.


      
        Key Concept: Who Are the New Seven Sisters?


        Today, a whole new group of oil and gas companies have become the world’s giants, displacing the descendants of the original “Seven Sisters” (ExxonMobil and Chevron of the U.S. and Europe’s BP and Royal Dutch Shell). The Financial Times ranked the New Seven Sisters4 on the basis of resource base, level of output, company’s ambition, scale of their domestic market, and influence in the industry. The list is dominated by state-owned companies from developing nations and includes, in rank order: Saudi Aramco, Russia’s Gazprom, CNPC of China, NIOC of Iran, Venezuela’s PDVSA, Brazil’s Petrobras, and Petronas of Malaysia.

      


      However, the lessons from the 1970s ran both ways. The U.S. responded to rising oil prices by developing production in Alaska and implementing dramatic improvements in vehicle fuel efficiency among other conservation initiatives. OPEC realized that producing and consuming countries shared an interest in keeping oil prices stable.


      Since then, OPEC has modulated its production to smooth out price fluctuations, for example increasing production following the outbreak of the first Gulf War in 1991 and then cutting back following a rapid decline in demand brought on by the Asian financial crisis of 1997.


      Today, OPEC countries produce around 40 percent of the global annual total and they still hold two-thirds of global proven reserves, despite the rise of other producers like Nigeria.5 The oil majors (descendants of the original Seven Sisters) have shifted their business from crude production to refining and other “downstream” businesses as producing nations—inside OPEC and outside—have tightened their grip on their reserves. Today the old-guard oil majors control just 4 percent of world oil reserves.


      The Future of OPEC


      Despite the diversification of the oil market with non-OPEC suppliers, it’s hard to envision a future in which OPEC ceases to be integral to the world oil market. Perhaps the greatest threat to the cartel is within OPEC itself—as oil becomes ever more scarce, and thus ever more valuable, member nations might be tempted to cut deals outside the confines of the organization. Indeed, OPEC nations are already notorious for inflating their reserve estimates in order to pump more oil while ostensibly keeping in line with quotas.


      The looming threats of climate change will also undoubtedly present challenges for OPEC as developing and developed countries alike seek to reduce their carbon emissions. In the meantime, OPEC continues to hold considerable sway over many aspects of the oil industry, and the energy landscape as a whole.
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      Oil and the Environment

    


    
      Now that we’ve explored oil’s origins, economic importance and strategic value, it’s time to look at the other side of the coin. We don’t think it’s an overstatement to say that modern society as we know it could never have developed without the cheap, widespread supply of energy that oil makes possible. As with all things, though, there is a cost that comes with all those benefits.


      To date, much of that cost has been paid not by us but by our environment. Economists call costs not borne by the consumer “externalities,” which is perhaps as good a name for it as anything. In this chapter we will not be vilifying oil companies or condemning hapless governments. We will not be casting blame (much). But we will not sugarcoat the truth either, and the truth is that the production, processing and consumption of oil carry a big price tag in environmental impact.


      We’re not just talking about oil spills. There are many ways in which oil affects the environment, and in fact they’re not all bad.


      Take New York. At the turn of the twentieth century, New York City ran on horse power—literally.1 All those horses produced a lot of manure, over a million pounds a day in fact, and this created an ongoing public health challenge of tremendous scope. Despite an army of cleanup crews, disease was always a risk and most of the city was enveloped by a constant, oppressive stench. The advent of the automobile, with its dainty exhaust, was viewed as nothing less than a triumph over an environmental scourge.


      Obviously, a hundred years later, things are different. In so many ways, oil has facilitated a standard of living that would have been difficult to imagine even fifty years ago, but we are now beginning to appreciate the full cost of that transformation. In this chapter, we’ll examine the many ways oil impacts our environment, and some of the measures that have been taken to mitigate these effects.


      Extraction and Transportation


      When we think of “oil and the environment” (at least up until the relatively recent focus on climate change), most of us probably think about oil spills. There are many ways in which oil enters the environment, but spills get all the attention. It’s understandable. Oil spills make big news, and they create widespread environmental havoc in a short span of time. This most visible form of pollution from oil is mainly associated with the initial stages of the oil supply chain, the extraction of crude from the earth and the subsequent transport of it via pipeline or tanker ship.


      The 1989 Exxon Valdez spill in Prince William Sound made headlines, but at 11 million gallons it was relatively small in the oil spill Hall of Shame.2 The largest by far happened on land when 240 million gallons were released by the (mostly deliberate) destruction of Kuwait’s oil wells as Saddam Hussein’s military retreated to Iraq during the first Gulf War.3


      In fact, much of the spilled oil that ends up in the ocean starts out on land. Such was the case in 2005 when the one-two punch of hurricanes Katrina and Rita caused the release of over 9 million gallons of oil, not from offshore rigs but from various facilities on land.


      Interestingly, even more oil enters the ocean through natural seeps (some of which, of course, led to the development of wells). According to the National Research Council, two thirds of the oil in the world’s oceans got there naturally.4 Nearly all of the rest got there from illegal dumping, with only 4 percent coming from drilling, pipeline, or shipping-related accidents. The difference, of course, is that a spill puts a lot of oil in one place at one time, upsetting the balance of life in a highly concentrated manner.


      Until the 1990s, oil tankers were not required to be constructed using a double-hull design, which made them much more susceptible to rupture in the event of a collision. Poke a hole in the ship, out came the oil. Today’s tankers have two hulls, so if the outer hull is breached, the oil remains contained by the one inside. The Ocean Pollution Act of 1990 mandates that all ships that transport oil be double hulled by 2015.5


      Aside from the potential for spills, exploring and drilling for oil also has an impact on the environment simply by being done. You can’t drop a huge industrial operation in the middle of a desert or an ocean and not expect some things to change for the local habitat, even if the operation is a model of environmental stewardship.


      Modern technology has greatly reduced the footprint of many oil and gas fields. Horizontal drilling, for example, allows a single well to extract oil from many pockets in the surrounding area, even miles away from the rig. One interesting practice even uses retired oil platforms to create new ocean habitat. Once it has been decommissioned and properly prepared, the retired rig is toppled and sinks to the ocean floor. There it provides a home for coral, barnacles and other sea life that form the base of the marine food chain.


      Pipelines are a safer and more efficient means of transporting oil than tanker ships, and today nearly half a million miles of oil and gas pipelines weave their way across the U.S. Pipeline spills are caused by a variety of things from digging in the wrong place to a failure of mechanical systems to that universal favorite “operator error.” Overall, pipeline ruptures have been attributed with a relatively low number of fatalities, but they do have tremendous explosive potential. By comparison, though, accidents involving trucks are thirty times more likely to produce fire or explosion.


      Safety, though, has improved over the years thanks to advancements in technology as well as increased environmental awareness. According to the Association of Oil Pipelines, pipeline spills have decreased by nearly 40 percent in the thirty years up to 2002, and the median spill size dropped by two thirds.6 The U.S. Office of Pipeline Safety compared various modes of transportation and found that on a per-ton-per-mile basis, trucks are thirty times more likely to produce a fire or explosion than pipelines, and rail is 8.6 more likely.


      Oil is poisonous, so if an animal caught in a spill tries to clean itself by ingesting the oil, it may well die. Petroleum also destroys the insulating and (ironically) the waterproofing properties of the fur in the case of otters and sea lions and feathers in the case of birds. As a result, many animals end up dying of hypothermia since they have no way to protect themselves from the elements.


      Spill Fighters


      In the world of Harry Potter, a put-outer is a tool used to turn things off. A remembrall is a glass ball that tells you if there’s something you have forgotten to do. The equipment used to clean up oil spills also has a vocabulary of its own.


      Spills on land are handled mostly with excavating equipment and even hand tools to scrape up the oil. The same process is also used for beach sand, but beaches are also cleaned using pressure washers and large vacuums.


      Spills at sea are a different matter, and for them the arsenal is considerably larger. Booms are used to create a physical barrier on the surface of the water to contain a spill while skimmer boats collect the oil. Chemical or biological agents are also used to either consume the oil or break it down into less harmful chemicals. Another more dramatic method for dealing with oil spills on water is to simply burn the oil off. Finally, sorbents (a.k.a. special purpose sponges) are used to soak up oil.


      Location, weather, currents, local wildlife, and available resources all play a role in determining the response to an oil spill. Oil spills are not all alike, and in some cases the effort to mitigate a spill might do more harm than the spill itself.


      
        Not-So-Fun Fact: The World’s Largest Oil Spills


        The following table lists the oil spills around the world that were over 100,000 tons or 30 million U.S. gallons. You can find a map of these global oil spills at http://www.lastingnews.com/maps/oilspill.php


        Table 9.1 Major Oil Spills.


        Spill / Tanker Location Date Tons of oil


        Gulf War oil spill Persian Gulf January 23, 1991 1,360,000–

        1,500,000


        Ixtoc I oil well Gulf of Mexico June 1979– 454,000–

        March 1980 480,000


        Atlantic Empress Trinidad and Tobago July 19, 1979 287,000


        Fergana Valley Uzbekistan March 2, 1992 285,000


        Nowruz oil field Persian Gulf February 1983 260,000


        ABT Summer 1,300 km off Angola 1991 260,000


        Castillo de Bellver Saldanha Bay, August 6, 1983 252,000

        South Africa


        Amoco Cadiz Brittany, France March 16, 1978 223,000


        Amoco Haven near Genoa, Italy 1991 144,000


        Odyssey 1,300 km off 1988 132,000

        Nova Scotia


        Sea Star Gulf of Oman December 19, 115,000

        1972


        Torrey Canyon Scilly Isles, UK March 18, 1967 80,000–

        119,000


        Irenes Serenade Navarino Bay, Greece 1980 100,000


        Urquiola A Coruña, Spain May 12, 1976 100,000

      


      Refining


      Refining petroleum into the many end products we use involves a lot of chemicals and processes that present environmental risks. We should note that, as with any other industry, emissions from refineries are regulated by state and federal governments, but the appropriate extent of that regulation is the subject of a long-running debate. Refining releases a wide range of chemicals into the air and water, and though infrequent, the risk of fire or explosion is always present.


      Refineries release trace amounts of ammonia, benzene (a carcinogen), carbon monoxide and carbon dioxide, various poly-aromatic hydrocarbons (PAH, also carcinogenic), and oil vapor into the air. They also give off volatile organic compounds (VOCs) that have been linked to elevated levels of asthma and other health problems. Wastewater from refineries can also contain small amounts of a variety of substances such as chromium, strontium, mercury, and ammonia.


      Nearly one in three Americans lives within 30 miles of an oil refinery.7 The most obvious risks come from the potential for leaks or major spills. All underground storage tanks are now required to be double-lined, similar to how oil tankers are now constructed. However, like the tanker business, not all of the existing “fleet” has been converted.


      End Use: Transportation


      As newsworthy as oil spills are, it’s fair to say that far more environmental damage is done by how we use oil than by how we obtain it. For starters, most of our transportation is oil-powered, and that makes for a lot of exhaust. Tailpipe emissions are a bouquet of toxic and otherwise troublesome compounds. Nitrogen oxides, benzene, carbon monoxide, and a family of nasties known as polycyclic aromatic hydrocarbons (PAHs) are all found in the exhaust fumes of gasoline engines. There is also the evaporation of gasoline itself, which releases volatile organic compounds (VOCs) into the atmosphere. (It also produces an odor that one of the authors found quite pleasant as a child—he’s fine now, thanks.)


      
        Key Concept: What Is Pollution?


        Pollution is simply any impurity found in a location where it shouldn’t be. Typically these impurities are found in large enough quantities to threaten various forms of life—from fragile ecosystems to the human population itself.


        When an excessive amount of chromium is found in drinking water, for example, that is pollution. When excessive amounts of sulfur oxides are found in the air we breathe—that is pollution. When excessive amounts of phosphate fertilizers seep their way into foods and grains, that too is pollution.


        The big question, of course, is what constitutes “excessive” levels of a given pollutant. Even before answering that question, another debate would have to determine whether a given substance was a “pollutant” at all. Such is the case with carbon dioxide today.


        Scientific consensus tells us that CO2 is a greenhouse gas that contributes to climate change, but is that sufficient for it to be classified as a pollutant for regulatory purposes? You make the call.

      


      Diesel engines emit more particulate matter and PAHs, but generally burn less fuel per mile traveled. Two-cycle engines like those found in lawnmowers, chain saws and some off-road vehicles are relatively inefficient, so more of the fuel escapes the engine unburned.


      Cars also contribute to water pollution, much of it in the form of runoff from roads. Oil leaks, brake dust, bigger particulates from the exhaust—all of it collects on the road until the next rain carries it away. Our oil-based transportation system also relies on hundreds of thousands of underground fuel storage tanks, all of which will begin to leak at some point if they are not repaired or replaced.


      Perhaps the most insidious source of oil pollution with regard to cars is what people do with their old motor oil. Sadly, many of us just dump it down the drain, out in the backyard, or in the gutter. In fact, according to the folks at Castrol (who know a thing or two about motor oil), more than twenty times the oil spilled in the Valdez disaster enters the environment every year through illegal dumping. EPA estimates on the subject put the percentage of used motor oil that is illegally dumped at 13.4 percent with another 10.1 percent going into landfills.8


      
        Key Concept: Fertilizers:

        Putting Energy Back into the Ground


        Fertilizers like manure or manufactured ammonium phosphate help all sorts of plants to grow and they’re used on everything from corn to Grandpa’s prize tomatoes. Much of the commercially produced fertilizer is derived from natural gas, which delivers nitrogen to the soil in the form of ammonia. But not all of the nitrogen winds up in the plant, and in fact a lot of it departs the field in the form of runoff.


        Nitrogen is great for plants but it can cause problems elsewhere, namely as a greenhouse gas or by disrupting the oxygen balance in rivers and lakes. In an attempt to avoid these unwanted side effects, some farmers have turned to centuries-old technology like crop rotation to restore nutrient levels in their fields without adding artificial fertilizers.

      


      Drilling in Sensitive Areas: Should We Even Be There?


      In January of 1969, a blowout at Union Oil’s Platform “A” near the Channel Islands off Santa Barbara caused an oil spill that caused substantial damage, but it also turned public opinion against offshore drilling. With the political groundwork in place, Congress eventually passed a federal moratorium on offshore drilling in 1981 putting around 85 percent of U.S. coastal waters off limits to oil and gas exploration.9


      Offshore drilling was (and is) very expensive, but rising oil prices and surging demand over the past several years have spurred a new round of offshore development in places like Nigeria, Russia, and Brazil. This has not gone unnoticed here at home, and there has been a steady increase in calls for the moratorium to be lifted. The Obama administration has put forth a proposal to do just that in the waters off the Atlantic coast and additional areas in the Gulf of Mexico.


      As noted earlier, the environmental impact of offshore drilling has gotten smaller, but the risks for spills and damage to local ecosystems remain. The question then becomes a matter of weighing the pros and cons.


      In the 574 million acres of federal waters covered in the moratorium, the U.S. Department of the Interior estimates potential oil reserves of 18 billion barrels and gas reserves of 77 trillion cubic feet. The Department of Energy threw a wet blanket on the drilling idea, though, with the sobering analysis that, as with the Arctic National Wildlife Refuge (ANWR), even if all of these resources were brought to market, the impact on oil prices would be “insignificant.”10


      
        Not-So-Fun Fact: The Exxon Valdez Oil Spill


        In what became the most iconic oil spill of the last twenty years, if not longer, the Exxon Valdez ran aground on March 24, 1989, on a reef in Prince William Sound. Out of the eleven tanks on board, eight were damaged and within a matter of hours 10 million gallons of oil were released into one of the most pristine environments on earth.


        [image: photo_9_1.tif]


        Figure 9.1 Exxon Valdez cleanup efforts. (U.S. National Oceanic

        and Atmospheric Administration/Department of Commerce)


        More than 11,000 people, 1,400 vessels, and 85 aircraft were involved in the cleanup.11 ExxonMobil made an immediate payment of $300 million to affected individuals and businesses, and later shelled out $2.2 billion to cover the cost of the three-year cleanup effort.


        The environmental impact of the spill reached over a thousand miles of coastline, but the accident also created a political shockwave that prompted a closer examination of oil shipping practices and eventually led to the requirement for double-hull construction.

      


      
        Fun Fact: The Future of

        Oil Spill Cleanup: Nanosponges


        The latest technology for oil spill cleanup has something in common with a certain Mr. SquarePants we mentioned earlier in our discussion of porous rock. Researchers at the Massachusetts Institute of Technology have developed a super-absorbent material made up of tiny wires that is capable of soaking up twenty times its weight in oil.12 What’s even better, though, is that it’s reusable. Just apply heat to the oil-soaked sponge and the oil will vaporize, leaving the material behind. The oil can then be condensed back into a liquid and reused as well. Sounds like a winner to us.

      


      There are also a number of impediments within the industry to exploiting U.S. offshore resources. The endeavor requires huge amounts of up-front capital ($100 to $200 million just to qualify a site as economically viable; another few billion to start production), and it takes years to see any return on that investment. There are also very few companies capable of building the necessary drilling rigs, and many of the rigs being built today are going to Brazil, West Africa, and Southeast Asia.


      On the other hand, there is something to be said for producing oil in politically stable areas under U.S. jurisdiction, and there is the psychological benefit of Americans “doing something” toward energy independence, even if that is an unrealistic goal (we discuss this subject further in Volume 2). Similar pros and cons come into play when considering whether or not to drill in the Arctic National Wildlife Refuge (ANWR).


      ANWR would add to domestic production, and if the world embarks on a serious conservation effort, the long-term economics could change, but in the context of today’s global oil market, the impact would be minimal.13


      The Pollution Police: EPA


      Many people feel that protecting the environment is important. This is a topic that seems to be on everyone’s mind these days. Public service announcements urge individuals to switch to energy-sipping CFL light bulbs. Grassroots environmental groups protest the use of gas-guzzling SUVs. Celebrities leverage their fame to bring visibility to environmental causes. Some even become better known for their environmentalism than their acting (Ed Begley Jr. comes to mind). Even the game show Deal or No Deal organized a “Green Week,” drawing public attention to important environmental issues. During a particular show, host Howie Mandel introduced the twenty-six ladies with briefcases as wearing dresses made from recycled parachutes. (If only we were kidding.)


      When it comes to actually enforcing the nation’s environmental policy, only one organization has the authority at the federal level, the Environmental Protection Agency.14 The EPA establishes and enforces regulations based on laws that direct its scope of authority and its focus. The Clean Air Act, for example, sets goals for air quality but it’s up to the EPA to set down the regulatory framework that will get us there.


      The agency doesn’t work in a vacuum—for example, EPA delegates some of its permit-issuing and policy enforcement responsibilities to states and American Indian tribes—but it is the epicenter of environmental controls.


      So how did the EPA get started? 15 Where did it earn its charter as the “pollution police” of the United States? The EPA was created under the United States National Environmental Policy Act of 1969 (NEPA), which was signed into law on January 1, 1970, by Richard Nixon. NEPA was driven partly by public outcry over the destruction of neighborhoods and natural environments during the development of the interstate highway system. There was also a rising tide in public opinion leveled against the use of pesticides that were being shown to have detrimental effects not only on wildlife and the environment but on human health as well.


      Many of EPA’s current functions were being carried out before its inception, just by different agencies. NEPA, then, was an attempt to strengthen and consolidate environmental policy at the federal level.


      Oil and Global Warming


      Most greenhouse gas emissions in the U.S. (90 percent) come from the use of fossil fuels, and most of that comes from cars, trucks, ships, and planes. Though coal-fired power plants account for a significant amount of the total CO2 released every year, there is no doubt that transportation is the number one nut to crack when it comes to global warming and climate change (with coal-fired electric power generation coming in a close second). We talk in more detail about new transportation technologies like hybrid cars in Volume 2, but it’s clear that if we are to solve the climate change problem we will have to revolutionize transportation. Doing so would pay other environmental dividends as well (i.e., fewer oil spills), though it’s unlikely that a major shift away from petroleum will begin unless and until the cost of carbon in the atmosphere is factored into the price at the pump. This topic is so important that we have devoted an entire chapter to discussing it in more detail.
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      The Future of Oil

    


    
      You couldn’t find two people more different from each other than Guy Kawasaki and Sheikh Ahmed Zaki Yamani. Kawasaki is a technology guru, a venture capitalist, a columnist for Entrepreneur magazine and cofounder of Alltop.com. Yamani was Saudi Arabia’s oil minister from 1962 to 1986, and since 1990 has been observing the oil markets and OPEC from his London think tank, the Center for Global Energy Studies.


      Yamani has famously stated that “the Stone Age did not end for lack of stone, and the Oil Age will end long before the world runs out of oil.”1 Kawasaki illustrates this same idea in his speeches with an example from the nineteenth century: ice.2


      In the late 1800s, the ice you put in your icebox, no matter where you happened to live, probably came from frozen lakes and ponds. In the U.S., companies in the Northeast would “harvest” large blocks of ice and ship them packed in straw. Half of it would melt, but the rest could be sold and still provide a profit. That is, until machines were introduced that could freeze large amounts of water, thus allowing local suppliers to make their own. Finally, bulk icemakers of all sorts were eventually put out of business by the introduction of the home refrigerator.


      So, will a new technology make oil obsolete before we actually run out of it?


      There are just as many open questions at a tactical level: What are the new technological advances in oil extraction that will redraft the global map of energy reserves? Will deep-water drilling give us access to previously inaccessible oil fields? And what about unconventional oil? Will Canada become the new Saudi Arabia? 3


      Some in the industry swear by liquefied natural gas (LNG) and unconventional gas as the new panacea. They point to the fact that the geography of natural gas reserves is not isomorphic (as in, natural gas can be extracted in many places whereas oil is found only in certain select locations). Is our future one where we swap out our dependence on oil for dependence on natural gas? Or will natural gas be the “bridge fuel” to help us transition from a fossil fuel–based economy to one that is more sustainable?


      Finally, there is the vast rearrangement of the energy landscape with various types of biofuels that are being introduced in the market today. How far are we from driving up to a “gas” station and filling up our cars with alcohol, or hydrogen, or an electric charge?


      Irresistible Force, Meet Immovable Object


      When we talk about the future of oil, the conversation usually centers on either environmental considerations or geopolitical ones. There has been a good deal of ink spilled in recent years about how trends in both of these areas would suggest getting off oil is a good idea, and the sooner the better. Of course nothing is ever that easy, especially the process of weaning modern society away from the fuel that made that society possible in the first place.


      The confluence of climate change, garden-variety pollution, rising nationalization of resources and the location of major reserves in less-than-friendly locales has created a motive for change in the energy landscape. The widening use of wind and solar energy and the accelerating development of other clean alternatives are evidence of the shift that is under way. Energy policy may change, but we think at this point it’s fair to say that in the long term the world’s energy supply has to get much cleaner if we are to continue thriving on this planet of ours.


      The move toward clean energy is an irresistible force. That force is now pressing against the immovable object that is the oil economy, and our modern lifestyle that it has made possible.


      There are other lingering questions on the edges of this debate that are seldom asked. One is how we will make the transition from oil if the infrastructure that supports it begins to break down before we have enough alternatives in place. We’ve already seen how refining capacity is at its limit, and how the expense of building new facilities makes expansion less likely. Can a declining market for gasoline and other oil fuels support the refineries on the way down? And what of the nation’s pipeline system? The Trans-Alaska Pipeline is already suffering from structural problems—ironically, due to the thawing of the ground on which it was built—and with diminishing production from the North Slope, it may become uneconomical to operate sooner than we’d like.


      There will always be a market for some oil products, so we don’t mean to suggest that this mammoth industry is about to go over the proverbial cliff. Air travel, for example, is one application where there is really no viable substitute for oil. The jet engine also has undeniable military value, so it’s likely we’ll continue to have oil-fueled aircraft for many years to come.


      Petroleum also has a universe of nonfuel uses that are similarly unlikely to be challenged anytime soon, one group of which was the subject of some career advice famously received by Dustin Hoffman in The Graduate. A family friend tells young Benjamin Braddock, “Plastics.”


      Even in the nonfuel arena, though, there is mounting pressure to move away from oil. The environmental impact of fertilizers, for example, extends well beyond the processes used to produce the oil (and gas) from which they are derived. While the organic farming industry is as yet still in its infancy, greater demand could in time begin to eat away at the global market for traditionally produced fertilizers.


      Clearly, these are long-term trends. For now—with “now” being the next twenty years or so—oil will remain the lifeblood of the global economy. What the energy mix will look like exactly in fifty or one hundred years is anyone’s guess, but oil’s share of it will by necessity have to be lessened.


      There are, of course, alternatives. Natural gas is much cleaner burning than oil, and has already been applied to vehicles as well as home heating and other uses where oil is also used. The market for natural gas has boomed in recent years, driven largely by a substantial increase in the number of gas-fired power plants. Adding still more demand by displacing oil in other markets would certainly drive up prices, but perhaps the environmental tradeoff would make it worthwhile if oil’s drawbacks carried a financial penalty. The natural gas supply map has also been redrawn in recent years as new extraction techniques have made it possible to reach formerly unreachable supplies.


      We may also be overestimating the pace of change here. While we think it’s clear that oil’s days are numbered—if only by the finite supply—new advances in extraction and production could extend oil’s reign, especially if it remains cost-competitive with alternatives. Deep water drilling and the mining of tar sands are both expensive, but as long as there is money to be made these resources will continue to be developed.


      Can our modern lifestyle survive the shift to a post-oil economy? We remain optimistic. There are huge gains to be made in efficiency, for example, which have yet to be tapped. We may need to reconsider our habits of consumption and our assumptions about the supply of natural resources, but we’re not ready to throw in the towel on high-speed Internet or ice cream sundaes just yet.

    

  


  
    
      III

    


    
      Fuel from Fossils

    


    
      Aside from oil, most of the energy that we use for some end-use purpose comes from electricity, which in turn is generated by a variety of technologies. Most of it comes from fossil fuels; in particular coal and natural gas (oil makes up a very small percentage of our generating capacity). In the past few decades, fossil fuels have developed quite a bad reputation. Poll the general public about their opinions on fossil fuels and you will likely get responses like “dirty,” “polluting,” or “expensive.”


      As recent as a few years ago, oil joined the ranks of alcohol, nicotine, and a variety of other controlled substances to take its place in the pantheon of social addictions when George W. Bush declared in his 2006 State of the Union speech that “America is addicted to oil.”


      Fossil fuels have been vilified for a lot of things ranging from causing global warming and polluting our air, to increasing our dependence on unstable foreign governments and the instigation of unnecessary wars. Still, they remain an integral part of our energy landscape. Coal, oil, and natural gas currently provide more than 85 percent of all the energy consumed in the United States, nearly two-thirds of our electricity, and virtually all of our transportation fuels.


      Most people these days would probably agree we need to cut back on our fossil fuel consumption, but before we get into that we need to understand how we use them today. We’ve already devoted an entire part to oil, so in the following chapters we’ll take a closer look at coal and natural gas.
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        King Coal

      

    


    There’s a reason they call it “King Coal.” For decades, coal has reigned supreme as an energy source, accounting for around half of all the electricity we use in the U.S. every year.1 It’s cheap, abundant and we have a lot of it right here in our own backyard—enough for the next two hundred years at least by most estimates.2


    On the flip side, it’s probably fair to say that coal is the dirtiest of all our energy sources. Even the best mining operations come with substantial environmental impacts, and burning the stuff in power plants releases vast quantities of CO2 as well as pollutants like mercury and the chemicals that cause acid rain. Indeed, we’re in quite a pickle with regard to coal. We depend on it, clearly, but we’re going to have to do something about how we use it if we’re going to address climate change.


    “Clean coal” is a phrase you’ve probably heard by now, but what does it really mean? Can we make coal clean enough to keep on using as much of it as we do today? Can anything take the place of coal?


    In this chapter we’ll examine all aspects of the King, starting with some basic science on how coal is formed in the earth. We’ll have a look at current mining and power generation practices, and we’ll explore the promise of carbon capture technology.


    What Is Coal and How Is It Formed?


    Coal is rock, but specifically it is rock that is made up primarily of carbon and hydrocarbons, which are really just various combinations of carbon and hydrogen. They include natural gas (a.k.a. methane), benzene, kerosene, and polymers like polyethylene, the stuff they make thermal underwear out of.


    Coal is the result of the same geological processes that produce oil and natural gas. It’s made up of organic remains from millions of years ago, specifically the Carboniferous period (354–290 million years ago), which gets its name from, you guessed it, carbon.3 Dead plants trapped under layers of earth and water were turned into coal after millions of years of being subjected to tremendous heat and pressure.


    Today, coal can be found very near the surface, or deep underground. Most coal, about two thirds of the domestic supply in fact, lies within 200 feet of the surface, and occurs in formations known as seams.


    
      Fun Fact: Did You Know?


      Coal is derived from ancient plants, but did you know that some pieces of coal actually bear the imprint of prehistoric leaves? It was these impressions that led scientists to understand the origin of coal.

    


    How Do We Extract Coal?


    Most coal is mined from the surface. It’s a fairly straightforward process—just scrape off the soil and other layers of rock, dig out the coal and you’re done, right? Well, almost.


    Today’s coal mining operations involve far more machines and far fewer people than in the past. In fact, a small team of workers can easily take down a mountain, typically by blasting away the covering rock and moving it aside to expose the coal underneath. More blasting loosens the coal, which is then loaded into giant dump trucks by giant front-end loaders.


    Mountaintop removal refers to a specific type of surface mining where an entire mountain will be removed to reach a coal seam. It is most common in the Eastern coal-producing states of Virginia, Kentucky, West Virginia, and Tennessee. After the mining is over, the rock and other debris are replaced either in place of the coal or in a nearby valley, and the surface undergoes some kind of rehabilitation for use in agriculture, recreation or as wildlife habitat. More than 2 million acres of land have been reclaimed in this way over the past 25 years.4


    Underground mining is probably what comes to mind when we think of a classic “coal mine.” Some of these operations can go more than a thousand feet down, and the work is strenuous, dirty, and dangerous. Miners reach the coal seams by special elevators called hoists. Mine hoists also transport coal from the mineshaft to the surface.


    
      [image: fig_11_1.tif]


      
        Figure 11.1 Coal is formed over millions of years from the remains of prehistoric plants. (Doug Jones)

      

    


    Where Is Coal Found and What Do We Use It For?


    In all, twenty-seven states have coal mining operations today, but Wyoming has the most followed by West Virginia, Kentucky, Pennsylvania, and Texas,5 which with all its oil and a booming wind power industry must qualify as the most energy-rich state in the union. The Powder River Basin that runs from Wyoming into Montana is perhaps the largest coal reserve on the planet with enough of the black stuff to supply the U.S. for two hundred years.


    The vast majority of the coal mined in the U.S. is used to generate electricity in coal-fired power plants, about 92 percent of it to be exact. So what do we use the other 8 percent for? There are a variety of applications. After some chemical processing, it’s used to produce methanol and ethylene, which go into plastics. Tar for roofs and roadways, fertilizers for crops and even some medicines—all of these get some of their ingredients from coal.


    Flavors of Coal


    Time for another ice cream analogy. For more than six decades, Baskin Robbins has announced its variety of options under the tagline “31 Flavors,” but according to the company’s website, there are over 1,000 unique concoctions in the B-R “flavor library.” That’s an impressive figure, but possibly overwhelming for customers, so we understand why they’ve stuck with the classic “31” line.


    Coal, as it turns out, has something akin to flavors too, though not quite so many. There are four basic types of coal, with the main difference between them being the amount of heat energy they can produce. That, in turn, is tied to how much of a given lump is actually carbon.


    At the low end of the scale, we have lignite, which shows up in relatively recent deposits (again, we’re talking geologic time, so adjust your idea of “recent” accordingly). It has the lowest energy content of the coal family with just 25 to 35 percent carbon content. Next up is sub-bituminous coal, which clocks in at 35 to 45 percent carbon and so has more energy to offer.


    Moving up the quality scale another notch, bituminous coal contains anywhere from 45 to 86 percent carbon. Bituminous coal also happens to be the most abundant variety found in the U.S., which is a good thing from an energy perspective. Can you imagine burning twice as much coal as we do now just to achieve the same energy output?


    The last stop on the coal spectrum is anthracite, which is very rare and accounts for only half of one percent of all the coal mined in the U.S. Interestingly, while anthracite is 86 to 97 percent carbon, it actually has slightly less heating value than bituminous coal. It’s also very tidy as coal goes—it’s quite hard and doesn’t rub off on your fingers if you touch it.


    
      Fun Fact: Where Do Diamonds Come From?


      “Diamonds Are a Girl’s Best Friend” is a song made famous by Marilyn Monroe in the 1953 film Gentlemen Prefer Blondes. Diamonds have long been at the top of the heap in precious stones used for making jewelry, but they have some rather humble origins. They take millions of years to form under extreme heat and pressure, but at the beginning they started out as simple lumps of coal.

    


    Coal-Fired Power Plants


    Coal-fired power plants use a lot of coal. A mid-sized plant of 500 megawatts (MW) will consume more than 3,800 tons of coal every day. It’s not surprising, then, that so many coal plants are situated near a rail line to facilitate the delivery of the fuel. In fact, many large power plants around the world are located right at the mouths of coal mines, to minimize transportation and storage costs.


    Deliveries are made regularly, and the raw coal is stored at the plant in enormous piles. From there, it is crushed and sent on to temporary storage bins via a conveyor belt. These bins typically hold a one- or two-day supply of coal for the plant.


    Before it can be burned, though, the coal has to be ground into a fine powder in a machine fittingly known as a pulverizer. (Don’t get your sleeve caught!) The powdered coal then enters the plant’s boiler furnace along with a good deal of air. The mixture ignites immediately and burns to release a tremendous amount of heat. Heavy ash from the burned coal collects in an ash hopper while lighter “fly ash” goes out with the exhaust gases and is removed before reaching the outside air using mechanical collectors and electrostatic precipitators (a device that removes particles using the force of an electrostatic charge).


    Back inside the boiler, thousands of tubes circulate water that is rapidly converted into high-pressure steam, which collects in a receptacle at the top of the boiler called a steam drum. From there it moves through more pipes to a steam turbine. The steam forces the turbine to rotate by pressing on the blades, rather like what happens if you were to blow onto the blades of a small fan (assuming it wasn’t already turned on). The motion of the turbine spins a drive shaft that is connected to a generator that produces electricity. The steam exiting the turbine condenses back into water and makes its way back to the boiler through still more pipes to repeat the process.


    Coal and the Environment


    “You are a beautiful girl, but you’re ugly when you perform a song.” So said Simon Cowell, the ever-cranky judge of American Idol, to one unfortunate contestant. We could make a similar statement about coal. It’s a beautiful rock (anthracite especially has a high luster and deep color), but it’s ugly when it’s used as a fuel.


    There’s really no getting around it: between the impact of mining and the emissions released during combustion, coal is the most environmentally problematic fuel in our energy portfolio. Environmentalists point to a long list of charges against our power-generating fuel of choice. Mountaintop mining destroys ecosystems and pollutes water supplies. Mining removes plants and topsoil, making mined areas more susceptible to floods and landslides. Mine workers are exposed to coal dust that elevates their risk of black lung disease and mercury exposure. Trains that carry coal are a significant fraction of freight tonnage in the U.S., and these locomotives burn diesel fuel, emitting particulate pollution and CO2. And that’s just what happens in obtaining and transporting the fuel.6


    Once coal is burned, a new set of environmental headaches come up. The Big Four when it comes to pollutants in smokestack gases are: sulfur dioxide (causes acid rain), nitrogen oxide (creates smog), mercury (causes birth defects and accumulates in water), and particulate matter (contributes to respiratory problems like asthma). Of course there is also that small matter of carbon dioxide emissions. Burning one pound of average-quality coal will produce 2.86 pounds of CO2, so the mid-sized plant we mentioned earlier would put out well over 10,000 tons of CO2 every day.


    Now, you may be wondering how one pound of rock gets you nearly three pounds of gas after it’s been burned. The answer is simple: the carbon in the coal binds with oxygen from the air during combustion. As its chemical moniker “CO2” suggests, carbon dioxide is made up of one carbon atom from the coal plus two oxygen atoms from the air. When you consider how much coal we burn every day in coal-fired power plants in light of this almost three-to-one ratio of fuel in to gas out, it’s easy to see why CO2 levels in the atmosphere have been increasing so rapidly.


    With a rap sheet like this, is there any hope for coal? What are we doing to lessen the environmental impact?


    For one thing, coal companies are looking for coal with lower sulfur content. Sulfur has lousy energy content, so low-sulfur fuel is more efficient for the power plant and better for the environment. There are also several technologies used at the power plant to remove pollutants either pre- or post-combustion. Using these processes, impurities can be removed either from the fuel going in or the exhaust going out. The same kind of process can be used to remove CO2, but we’ll get into more detail on these techniques in a moment.


    On the mining side of the equation, things are a bit less clear. The Clean Air Act, the Clean Water Act and a host of related environmental legislation at the federal level have put strict controls on the release of harmful materials (from coal mining and many other sources). However, problems do come up.


    The process of surface mining generates a lot of waste material that is often dumped into valleys near the mountain being mined. This practice, aside from destroying the ecosystem of the valley in question, introduces chemicals into the water that flows through the area. These substances (e.g., acids) are naturally occurring in the rock, but due to the mining they show up in the water at much higher concentrations than they would naturally and in the worst cases can effectively kill off most of the life in a mountain stream. Water pollution from coal mining can also directly impact human health if the water is used downstream for drinking or irrigation.


    On paper at least, the EPA has the authority to deny permits for mountaintop removal if the agency determines the impact to streams and wetlands would be too great. In practice, however, the rules are subject to a good deal of interpretation and permitting decisions are often criticized for being driven as much by political considerations as they are by environmental ones.7


    
      Key Concept: What Is Acid Rain?


      Sulfur occurs naturally in coal, so when we burn coal in power plants, the sulfur is released into the atmosphere. It combines with oxygen to form sulfur oxides, collectively known as “SOx,” which is pronounced like the things you wear on your feet.8


      Once it gets into the air, sulfur dioxide is converted again into—get ready for this—sulfur trioxide! That’s what reacts with water to produce sulfuric acid. Rain containing sulfuric acid is bad news for lots of things: trees, wildlife, even marble buildings. In fact, it was the extensive damage to forests, lakes, and streams in “downwind” states like those in the northeastern U.S. that prompted legislation to curb the release of SOx from coal-fired power plants in the Midwest.

    


    Clean Coal: Blowing Smoke or the Next Big Thing?


    Ask just about any environmental activist about “clean coal” and they’ll tell you there is no such thing. But like the former man of the house at Graceland, there are those who say the King lives.


    King Coal has been recast as the key to our energy future thanks to technologies that allow coal plant operators to strain out pollutants like NOx (Nitrogen oxide gases like nitrogen dioxide [NO2] and nitric oxide [NO]) and SOx (various sulphur oxide gases), but the big news is in the possibility of capturing carbon as well.9 In theory, we could reach a point where coal goes into a power plant on one end and the only things coming out the other end are electricity, water and a controlled supply of CO2. Much remains to be done, however, before this appealing vision can become reality.


    We should also note at this point that what we’re going to talk about in the next section does nothing to address the issues surrounding coal mining. We’re just looking at it from the point it reaches the power plant.


    OK, with that disclaimer out of the way, let’s talk chemicals!


    “Clean coal” is really an umbrella term that incorporates a few different processes aimed at “cleaning” the waste stream from coal-fired power plants. That includes NOx, SOx, mercury and particulate matter as well as CO2, but we’ll look at the Big Four first.


    One approach is to clean the coal before it goes into the plant. This is known as coal washing (yes, very original), and consists of separating impurities from the coal with other chemicals so that what actually goes into the furnace is just coal. Inside the combustion chamber, specially designed burners can also reduce the amount of NOx being emitted by closely regulating the combustion process.


    On the back end of the process, flue gas desulphurization controls SOx emissions by spraying the exhaust gases with a solution of limestone and water to capture the sulphur in the smokestack before it escapes into the air. Also at the smokestack stage, electrostatic precipitators “grab” particulate matter out of the exhaust gas stream by charging the particles with an electrical field and capturing them on collection plates.


    Probably the most exciting cleansing technology for coal is a specific plant design known as integrated gasification combined cycle, or IGCC.10 These coal plants don’t even burn coal per se because the fuel goes through a chemical process on the front end of the operation to separate carbon molecules from one another. The result is a synthetic gas, or “syngas,” that is what actually burns in the boiler. That’s the “integrated gasification” part.


    The “combined cycle” part refers to a common two-step generation process that is already widely used, though typically with natural gas as the fuel. We explain combined cycle plants in more detail in a later chapter, but for our purposes here all you really need to know is that such plants achieve higher levels of efficiency than just about anything else. IGCC plants can convert 50 percent or more of the latent energy inside a piece of coal into electricity versus only about 35 percent for conventional coal plants.11


    As you may have gathered even from this brief description, IGCC is not an inexpensive technology. In fact, it’s quite the opposite. The U.S. government pumped $50 million into a demonstration project a few years ago before pulling the plug, and even today there are only two commercial scale IGCC plants operating in the U.S.


    One of the plants, Polk Power Station, is operated by Tampa Electric and emits very low levels of “traditional” pollutants (i.e., NOx, SOx, mercury, and particulate matter). It does, however, still emit tons of carbon dioxide. So far, there has not been a coal-fired power plant built that does it all, capturing CO2 in addition to the Big Four pollutants.12


    Carbon Capture . . . and Storage!


    IGCC plants are often noted for their carbon-killing potential. That, however, is a separate process from the techniques we’ve just described. Actually, to remove carbon (and thus CO2) from your coal plant’s waste stream, you can take your pick from one of three methods.


    Behind door number one, you can capture CO2 in the smokestack, like we do already for other gases. To do that, just run the flue gas through a solvent like chilled ammonia that will react with the carbon and allow it to be released later under controlled circumstances. This approach is very appealing because it can be applied to existing coal plants, albeit at a price. It’s also already in use in the natural gas industry to isolate CO2.


    The downside—and you knew there had to be a downside—is that this process is very energy intensive. Just how much energy does it take to scrub flue gas of carbon? Try 25 to 40 percent of the power plant’s output. Yep, that’s a lot of energy.


    Behind door number two, we have our next carbon separation technology, which involves removing the CO2 from the coal before it’s burned. It sounds incredible, but it’s for real—just heat up your coal in a pure oxygen environment. That will produce a mixture of carbon monoxide and hydrogen. Then take that mix and treat it with steam and you get more hydrogen and CO2, which can be separated out using still more chemical processing.


    Using this approach, you can cut out 80 to 90 percent of all toxic emissions, and it’s less expensive than capturing the CO2 post-combustion. On the negative side, it’s impractical to use in existing coal plants.


    So now we come to door number three, which involves actually burning the coal in a pure oxygen environment. This is called oxy-fuel combustion and it can eliminate 90 percent of a coal-fired power plant’s emissions. The process is still in the early stages of development, and has yet to be implemented on a commercial scale.


    OK, now that we’ve seen how to capture carbon from power plants, the obvious question is: what do you do with all that CO2?


    Well, first of all let’s be clear on what kind of storage we’re looking for. This isn’t temporary storage, and it certainly isn’t small-scale. We’re talking about the mother of all storage facilities. Yucca Mountain (the proposed nuclear waste storage site) is small-time by comparison. In fact, it’s almost certain that no man-made structure will give us the kind of volume we need here. We’ll have to turn to the natural world.


    Mother Nature has provided us with two options for storing carbon, assuming we can actually make this work: underground or undersea.13 Taking the second option first, the idea is to pump CO2 down to between 500 and 3,000 meters below the surface. At that depth, the gas will dissolve in the water, but introducing a lot of CO2 to an ocean ecosystem could upset the natural pH balance in the water, and that in turn could harm aquatic life and eventually us. Ocean critters like their habitat to be just right when it comes to acidity.


    The other option is to pump CO2 into underground formations like salt domes or porous rock. This is, in fact, already being done—the oil and gas industry injects CO2 into aging wells to keep the pressure up and extend their productive lives.14


    In either case, underground or undersea, the big question is whether or not the CO2 being stored will stay put, and what will happen if it doesn’t. We noted the possible impact on water environments, but if an underground storage facility cracked open and all that gas escaped into the atmosphere, what would be the result? And just as big a question is the huge cost of all this. Carbon capture looks to be extremely expensive, and storage (with associated century-long monitoring) won’t be cheap either. At the very least it would undo in an instant what took years to create, but the simple answer is that we just don’t know.


    Another technology that shows promise (if it can be made cost-effective) and is still in the demonstration stage is the use of algae farms to turn the CO2 output of power plants into liquid fuel. The process is simple—algae is grown in large troughs filled with saltwater that is saturated with carbon dioxide from the power plants. Through photosynthesis, the algae convert the CO2 and water into ethanol, oxygen and fresh water. The ethanol can be sold as fuel and the oxygen can be used to burn coal more cleanly. The added advantage of this approach is that you don’t have to deal with storage.


    Should We Even Be on This Road?


    That’s a fair question when it comes to coal, not just in the context of climate change but also with regard to concerns about pollution, habitat destruction, and human health. Environmentalists will tell you that we should stop wasting our time and money trying to make coal clean and instead focus our attention on renewable sources of energy. Clean coal technology is decades away from being implemented on a widespread basis, and we simply don’t have the luxury of waiting around. Plus, think of all the pipelines and other CO2-related infrastructure that would have to be built.


    Coal advocates will point out that, like it or not, coal makes up a huge slice of our energy pie and it isn’t going away anytime soon. In light of that, they say, doesn’t it make sense to try to mitigate the negative effects of coal? Coal is cheap, after all, and we have loads of it right here—no need to deal with unsavory foreign suppliers.15 That’s no small consideration when the world’s resources and especially energy are in ever-greater demand.


    One thing seems certain. Whether we abandon coal entirely, go all-in on clean coal technology, or something in between, the price of energy in a carbon-constrained world is going up. The economics of carbon may well be the deciding factor in how we approach coal going forward, especially when you consider that coal-fired power plants today release 6.5 billion tons of CO2 into the atmosphere every year.16 If a tax were levied on CO2, it wouldn’t need to be very high to have an enormous impact.


    This is definitely one of the stickiest wickets in the entire energy world, and we’re certainly not going to presume to have it all figured out.


    
      Fun Fact: Did You Know?


      Portable carbon capture from vehicles—that’s what researchers at Georgia Tech are developing in an attempt to grab the gas by the tailpipe, or rather at the tailpipe.17 The idea is to have a compact unit that would even be transferable to another car so the ones on the road could enjoy clean motoring into the future.
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      Natural Gas

    


    
      Which one of the following statements is true about natural gas?


      Natural gas is . . .


      n produced by converting regular gasoline from its liquid state into a gaseous form.


      n produced either from gas wells or as a by-product of crude oil extraction.


      n produced by flatulent livestock.


      The right answer, of course, is B, but there is more truth to C than you might guess.


      Natural gas, otherwise known as methane, is colorless and odorless in its natural state. The smell of “gas” we know is actually an additive designed to make leaks more obvious. What makes natural gas so valuable is the fact that it burns. When it does, it gives off a lot of energy and produces little in the way of leftovers, unlike coal or oil. For millennia, natural gas was a mystery to humans. Occasionally a natural gas vent would be ignited by lightning to create a fire from inside the earth. You can imagine how amazing or at least puzzling this must have been to early civilizations.


      The ancient Greeks built a temple on Mount Parnassus at the site of one such “burning spring” from which the Oracle of Delphi dispensed prophecies to pilgrims who often would travel great distances to hear them.1


      The first modern commercial use of natural gas came in Britain toward the end of the eighteenth century. Gas produced from coal was used for lighting in gas lamps, both indoor and outdoor. Cooking and heating applications followed in the late nineteenth century following Robert Bunsen’s development of a burner that mixed gas with air to provide a reliable and safe flame.2 From there, the use of natural gas expanded widely.


      How Is Natural Gas Formed?


      Natural gas is formed under similar conditions to those that create oil through the decomposition of prehistoric plant matter.3 Rocks trap the gas in the same way as oil is trapped, and the two are often found together, though gas does appear sometimes without its fossil brother.


      Natural gas as it comes out of the ground is made up mostly of methane, usually about 70 to 95 percent. The other 5 to 30 percent consists of various other gases like butane, propane, ethane, and other trace gases, as well as small amounts of water vapor. The natural gas delivered to your home, though, is nearly pure methane.


      Methane is also, shall we say, “released” by animals—including humans—as a natural byproduct of digestion. In fact, cows are responsible for a sizable portion of the methane released into the atmosphere every year, but most of it isn’t “released” immediately. Manure, as it decomposes, produces methane but as we’ll see in a minute, we humans have figured out ways of capturing this gas for use as a fuel.


      What Is Seismic Technology and How Is It Used to Find Natural Gas?


      By now we’re all pretty familiar with ultrasound. If you’ve had kids in the last decade or two, you probably got your first look at your little boy or girl on the monitor in the doctor’s office. Ultrasound, as the name implies, uses sound waves to create an image by sending the waves into the body and analyzing them as they bounce back.


      As we noted in chapter 4, sound waves are also used to look for oil inside the earth, and the same seismic technology is used to look for natural gas deposits as well. It’s by no means an exact science, though.4 The pictures from a seismic ultrasound scan aren’t nearly as telling as those of a human fetus. Heavy-duty software is needed just to make sense of the data that comes back, and in the end the technology can only support an educated guess about where exactly the oil or gas might be.


      One major problem is salt, which blocks seismic waves. There is a lot of salt underground, and these deposits can really distort the picture provided by seismic imaging. Add to that our basic lack of knowledge about the topology of deep earth, not to mention the ocean floor, and you have to take whatever results arise from a seismic scan with a grain of sodium chloride.


      Unconventional Gas


      Eddie Murphy has always had a thing for scatological humor. Whether it is a bear eating too much ice cream and then passing gas loudly in a restaurant (Dr. Doolittle 2) or the dinner scene with the Klumps in The Nutty Professor, he has dipped frequently into the potty humor bag to generate laughs. This section, however, is about something very different and pertains to the search for new and exotic sources of energy to feed our growing national consumption.


      Conventional natural gas deposits, as with similarly named oil deposits, are the ones where the stuff can be extracted relatively easily using today’s technology and the up-front investment required is fairly well known. Natural gas, like oil, can also be extracted from a variety of other sources where the stakes are much higher, the technology for extraction is still evolving, and the overall risks involved are significantly greater. The marketing gods have named this group of resources—you guessed it—unconventional gas. Simply put, unconventional gas is any source of natural gas that is much harder and more expensive to harvest than regular or conventional sources that we described in earlier sections.


      The Increasing Role of Unconventional Gas


      So why would anyone want to spend a lot more money and take on more risk extracting natural gas from unconventional sources when they can continue to extract gas in more economical and conventional areas? The answer is simple. The production of gas from conventional sources has been on the decline for some time now but the overall consumption has been on the rise. So something has to give, right? One solution is to make up for the shortfall with more imports but that approach comes with some geopolitical baggage, which we discuss more in Volume 2’s chapter, “Energy Security.” This is where unconventional gas comes into the picture, and by many estimates we have plenty of it in the United States. In fact, according to a report to Congress, our total gas in methane hydrate (a type of unconventional gas resource) alone is estimated to be 200,000 trillion cubic feet or 9,000 times the total U.S. consumption of natural gas (Yowza!).


      Production from unconventional gas sources has been on a tear in recent years. In 2007, unconventional gas supplied 44 percent of U.S. production of natural gas and, according to the Energy Information Administration, by 2030 roughly half of our domestic natural gas will come from unconventional sources. The growth in unconventional gas production was initially driven by the Alternative Fuel Production Credit, a federal tax credit established in 1980 to encourage production of energy from new sources and reduce our dependence on imports.


      The three most common types of unconventional gas resources are tight sands gas, coalbed methane, and shale gas. Other types that show promise include deep natural gas, gas from geopressurized zones, and methane hydrates.


      Natural gas that is extracted from unusually impermeable or nonporous sandstone is known, fittingly, as “tight gas” and represents over 17 percent of the total recoverable gas in the U.S. Coal bed methane, as the name implies, occurs in coal seams where it is trapped in pockets inside the coal or the surrounding rocks or is adsorbed (see sidebar) by the coal particles. In the early days, methane would be released from coal mines into the atmosphere, as it was a safety hazard for the mine workers. Today, it is extracted into pipelines and sold.


      Shales are very fine-grained sedimentary rock and can trap natural gas when two layers of shale sandwich a thinner layer. In many cases, the gas has been adsorbed by the clay particles. Most of the shale gas in the U.S. is located around the Appalachian Basin and all of it is currently harder and more expensive to extract than conventional sources. A process known as hydraulic fracturing or “fracing” (with a hard “k” sound) is used to crack the rock and release the gas trapped inside.


      Conventional sources of natural gas are typically a few thousand feet below the ground. Deep natural gas, on the other hand, are sources that are 15,000 feet or deeper underground making them more expensive and riskier to extract. Geopressurized zones are also buried far below the surface of the earth, typically 10,000 to 25,000 feet down. These formations are made up of layers of clay that are compacted on top of more porous materials such as sand or silt. The natural pressure that exists at these depths squeezes out the water and natural gas from the clay into the porous layer.


      Methane hydrates are a curious mixture of natural gas and water. To better understand them, you need to tap into your inner Jacques Cousteau because the exotic crystal-like structures are typically found deep under the ocean or in the permafrost of the Arctic (where they were first discovered).


      The Future for Unconventional Gas


      As conventional sources of natural gas dwindle and we begin to shift away from more carbon-intensive fuels like coal and oil, unconventional gas is likely to play an increasing role in our energy future. The economics point toward further development of these resources, especially if we put a price on carbon emissions as now seems likely. Add to that the fact that the U.S. has ample domestic supplies and unconventional gas begins to look very attractive indeed.


      
        Key Concept: What Is Adsorption?


        Nope, this is not a typo. Adsorption is distinctly different from its similar sounding cousin, absorption. Adsorption is the adhesion or binding of molecules of gas to a solid surface, such as the adsorption of natural gas to coal rocks or clay. Absorption on the other hand is when the pores of a rock are filled up with a liquid such as petroleum.

      


      The Natural Gas Pipeline System


      Time for another movie tie-in, and you’re going to like this one. The James Bond film The Living Daylights featured the escape of a top Soviet general to the West via a natural gas pipeline, but there is a bit of truth to this fantastical idea. There are actually devices known as scouring pigs or go-devils that roam through gas pipelines to monitor and clean them. The film just took it one step further and outfitted one to carry a human, or at least a fictitious human.


      We’re not going to spend much time on the drilling process here since at a basic level it’s similar to that for oil. Once a gas deposit is located and a well is established, the question becomes how to move all that gas coming out of the well. The answer, in a word, is pipelines.5


      The network of natural gas pipelines in the U.S. covers over 300,000 miles and includes large transmission pipes up to two feet in diameter and smaller distribution pipes.6 The arrangement is much like the electric power grid with big conduits feeding smaller and smaller ones until the gas reaches your home. And like electricity, natural gas passes through a meter when it reaches its final destination so your local gas utility knows how much you’re using.


      Unlike electric power, however, gas can be stored cost effectively. This comes in handy because the demand for gas cycles with the seasons—we use more in winter for heating. Gas is stored in a variety of ways. Metal tanks, old oil and gas wells, underground caverns—all of these make for handy storage depots. During periods of lower demand, gas is “injected” (the industry term) into these storage facilities and then drawn out later when demand is high. There are around 400 underground storage facilities in the U.S.


      
        Fun Fact: Pipelines and Politics


        Natural gas pipelines often cross international borders, and where they do there is always the opportunity for some geopolitical shenanigans. Just ask Ukraine. In 2006 a pricing dispute with Russia over gas prices prompted Gazprom, the Russian state-owned gas utility, to take the unusually severe action of shutting off supply to Ukraine.7 Oh, and did we mention this was in winter?


        More recently another Russia-Ukraine spat resulted in reduced gas supplies that impacted much of Western Europe in a domino effect as the upstream spigot-turning caused pressure in downstream pipelines to drop.

      


      Flavors of Natural Gas


      Vanilla, chocolate, or strawberry? In the end, it’s all ice cream, but each has its merits. Natural gas comes in different flavors, too, though we might have missed with our favorite analogy on this one because the differences are more in density than composition. We’re talking more like ice cream, slushies, and milkshakes.


      Compressed natural gas, or CNG, is simply natural gas stored under high pressure, but “high pressure” could be anywhere from a few hundred pounds per square inch up to several thousand depending on the application. As used in vehicles, CNG tanks typically store gas at around 3,000 pounds per square inch (psi). By comparison, your gas grill (OK, technically it runs on propane, but whatever) uses tanks filled to around 1 to 10 psi.


      At the pressure used in automotive applications, natural gas takes up just 1 percent of its original volume. CNG can be used in gasoline and diesel engines with some modifications, though as we discuss in Volume 2, the size of the tank and limitations on driving range have limited CNG’s mass market appeal as a motor fuel. On the plus side, CNG produces 60 to 90 percent less smog-producing pollutants and 30 to 40 percent less CO2 as compared to gasoline.8


      Liquefied Natural Gas (LNG) is simply denser than CNG. Natural gas liquefies at around -260 degrees Fahrenheit, and at that temperature it takes up just 1/600th of the space it does at room temperature.9 That’s a lot of energy packed into a small space, which is why it becomes economical to transport natural gas in ships as LNG. But, as you might expect, the process of chilling the gas down on one end and regasifying it on the other is rather involved. We won’t go into the details here, but the fact that there are just 17 LNG production terminals and 41 import terminals in the world should give you some indication of how expensive these facilities are.


      Over 85 percent of the natural gas we use in the U.S. is produced here, quite a difference from oil. The rest is delivered via pipelines, mostly from Canada, with a small amount arriving in liquid form via tankers from overseas.


      Today, LNG imports account for less than 1 percent of all the natural gas used in the U.S. in a given year, but LNG is a growing business. Gas reserves worldwide are faring better than oil, and if energy prices—especially those for natural gas—return to the high levels they were hovering at when we started this book, then there will likely be a new round of LNG-related construction. But even if prices don’t start reaching for the clouds again, the global LNG industry is still expected to grow between 6 and 8 percent a year over the next decade.
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          Figure 12.1 High natural gas prices have made transporting LNG by ship more economical. (Photo courtesy of the U.S. Coast Guard)

        

      


      Biogas


      Cows have to be some of the funniest animals around. They look funny, walk funny, and even chew funny. And they are one of the most iconic figures in the pantheon of livestock. California’s dairy farmers even sponsored an ad campaign featuring talking cows with the tagline “Happy cows come from California.”10 These days, though, milk and cheese are just the beginning—cows are getting into the energy business, too.


      Yes, we’re talking methane, but in fact cows and other farm animals are only one source of what is collectively known as “biogas.” It’s just that cows are the funniest source.


      Biogas is produced anytime something decays, so it can be collected from swamps, landfills, livestock manure—pretty much anything on its way to becoming worm food. According to the Worldwatch Institute, 15 to 20 percent of global methane emissions come from livestock, so it’s not surprising that we humans have begun to tap into this resource.


      The nifty thing about trapping methane from livestock is that it’s an environmental two-for-one deal. Not only do we get the energy from the gas, but we also prevent it from escaping into the atmosphere. That’s important because methane is over 20 times as potent a greenhouse gas as CO2.


      Capturing biogas can be as simple as depositing your small farm’s manure in a big container and drawing off the gas as it breaks down. On a larger scale, though, special-purpose bacteria are introduced to speed up the process in a facility called a digester (sounds as good as it smells). And farms aren’t the only places such digesters are catching on. There are programs in major metropolitan areas to use food waste from restaurants and homes as a feedstock. Biogas is still in its infancy, but as costs come down it is likely to become even more appealing, especially to farmers who can power their operations with their own farm’s waste.


      How Is Natural Gas Used?


      Natural gas accounts for just over a fifth (22 percent) of all the energy consumed in the U.S. Around half the homes here use it for heating, and nearly two thirds (62 percent) use it for cooking, hot water, drying clothes, and other uses.11 Natural gas also fires industrial boilers and many other industrial heating processes. And as mentioned before, natural gas has uses in transportation—an increasing number of city transit agencies use natural gas to power at least some of their buses. But the largest and fastest-growing market for natural gas today is in the production of electricity.


      These are all energy uses, obviously, but like oil, natural gas has numerous other markets. Fertilizer is a biggie, but the list of other products derived from natural gas could fill the rest of this book: paint, plastics, antifreeze, lipstick, and even some medicines. Oh, and did we mention hydrogen? Yep, most of the hydrogen—that ultra-clean fuel of the future—is actually derived from natural gas. You can make it with nothing but electricity and water, but it’s cheaper to make it from gas. Something to consider the next time you hear someone touting the virtues of the “hydrogen economy.”


      Natural Gas–Fired Power Plants


      The most common industrial use for natural gas is running turbines in power plants, and that’s what we’ll talk about here.
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          Figure 12.2 Natural gas power plants are cheaper to build and easier to site

          than other conventional generation facilities. (Alexander Khodarev)

        

      


      Compared to other fossil fuels, notably coal, natural gas burns much more cleanly. That’s one major reason that the use of natural gas, especially for electricity generation, has grown so much and is expected to grow even more in the future. It is economical to transport via pipelines (unlike coal, which travels mostly by train or barge), and there is little need for onsite storage (again, unlike coal). It’s also relatively cheap to build a gas-fired plant and much easier to site one than it is to find a home for a new coal plant. As a result, gas-fired power plants can be located close to major population centers, and in turn require less power transmission infrastructure to get the electricity to consumers. It shouldn’t come as a surprise then, that the majority of the new power plants that have been built in the U.S. over the past decade are gas-fired.12


      Natural gas is not without its issues, of course. One of those is price. Natural gas as a commodity can be rather volatile, especially when the supply is disrupted, say when a disaster like Hurricane Katrina hits the Gulf of Mexico where 13 percent of the gas used in America comes from (not including one of only two LNG terminals in the country).13


      Natural Gas and the Environment


      Natural gas is often described as “clean burning,” and it’s understandable. When gas burns, it leaves behind almost no ash whatsoever. As we noted earlier, it also gives off much lower levels of pollutants like SOx, NOx and particulate matter. All that and lower CO2 emissions to boot—what’s not to like?


      Well, you still have all those miles of pipelines, wells being drilled in controversial locations and despite its seemingly friendly profile with regard to global warming, released natural gas (methane) accounts for around 5 to 10 percent of all global warming emissions.14 As we noted above, methane is a powerful greenhouse gas in its own right.


      The Future of Natural Gas


      Natural gas has a lot going for it, to be sure. It’s extremely useful across a wide range of energy applications, it’s available in many parts of the world and compared to its hydrocarbon brethren, it’s fairly benign environmentally. Natural gas can’t easily be shipped, though, so its distribution is largely limited to pipeline networks, though the economics of shipping LNG could change quickly if prices rise and stay at an elevated level.


      At the end of the day, though, natural gas is as finite as oil and as such can only meet a portion of our future energy needs.15 More of an issue, perhaps, is that it has so many important roles aside from power generation that competition between these markets could force some uncomfortable choices. Yes, you can cook your food on an electric range, but at least one of the authors would sooner heat his house with firewood than give up his gas stove.


      Still, natural gas is viewed by many as an important stepping stone in an attempt to move away from dirtier fuels like coal toward cleaner renewable sources like wind and solar. Indeed, its environmental credentials as compared to oil combined with its unmatched flexibility will likely keep natural gas as a vital part of our energy portfolio for a long time to come.
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      Global Warming

    


    
      Global warming, climate change—call it what you will (and we’ll explain the difference between those in a minute), this is one topic that is everywhere. You know you’ve hit cultural bedrock when something as serious as climate change is fodder for cartoon TV shows. South Park and The Simpsons have both made jokes on the subject. Even Al Gore, arguably the face of modern environmentalism, had some fun on Saturday Night Live by delivering the following words from a faux Oval Office:


      Good evening, my fellow Americans. In 2000, when you overwhelmingly made the decision to elect me as your forty-third president, I knew the road ahead would be difficult. We have accomplished so much, yet challenges lie ahead. In the last six years, we have been able to stop global warming. No one could have predicted the negative results of this. Glaciers that once were melting are now on the attack. As you know, these renegade glaciers have already captured parts of upper Michigan and northern Maine. But I assure you; we will not let the glaciers win.


      You might think we’d take offense. Poking fun at something that could well mean disaster for millions of people? How crass! To the contrary, we’re laughing along. This topic has caused enough strife in diplomatic circles, to say nothing of dinner tables everywhere. A little levity never hurt anyone, and we’d argue that it usually helps.


      But climate change is a big deal, and we do need to tell you a number of things about it since energy has such a large impact on how we deal with it. We’ll do our best to keep the discussion moving along, but we’ll start with the most basic question of all.


      What Is Global Warming? What Is the Greenhouse Effect?


      When sunlight reaches the earth, one of two things happens. Either it gets absorbed as heat by the land and water, or it is reflected back toward space. Some of the reflected light, though, is trapped in the atmosphere by water vapor or gases like carbon dioxide. This is normal, and has been going on for many millions of years. In fact, it’s what makes life—or as much life as we have on earth—possible. Without this heat-trapping mechanism, the temperature on the earth’s surface would be about 60 degrees colder than it is now.1 (We’re talking Fahrenheit here.)


      The wrench in the works comes when the amount of those heat-trapping gases in the atmosphere increases, like it’s been doing at a very rapid pace since the Industrial Revolution. More heat-trapping gases in the atmosphere mean less solar radiation passes back out to space and more of it stays here with us. Feeling warm yet?


      You can see the warming process for yourself with a simple experiment, courtesy of the Wisconsin Department of Natural Resources.2 Just put two jars half-filled with water in the sun, one with a lid on it and the other without. Come back in an hour or so and what will you find? The jar with the lid has steam on the inside of the glass and the water is probably a bit warmer than the other jar. This is the greenhouse effect—heat being trapped by a “lid” of gases in the atmosphere.


      Carbon dioxide is the most famous greenhouse gas (GHG), mainly because there is so much of it, both naturally occurring and derived from human activity. Water vapor, though, makes up most of the earth’s atmospheric blanket. Methane is a potent greenhouse gas,3 twenty-one times more powerful than CO2. There are other gases that make up the remainder of the GHG roster, including some that don’t even occur in nature. Sulfur hexafluoride, or SF6, is an inert gas that is highly effective as an electrical insulator and a few other select industrial applications. It is also 18,000 times as potent as an equivalent amount of CO2 when it comes to warming potential in the atmosphere.


      CO2 is the main focus for climate change purposes, and scientists now tell us that there is 30 percent more of it in the atmosphere than there was just 150 years ago. That’s a blink of an eye in geologic terms, and it’s hard to project the effect of such a sudden change out into the future. Change there will be, though.


      First of all, the earth’s average temperature is anything but average, and it has changed radically over the planet’s history. For the last 10,000 years or so, though, it’s remained fairly stable, that is until recently. Lately—and by that we mean the last 100 years—things have begun to change more rapidly.
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          Figure 13.1 The global warming process. (Doug Jones)

        

      


      Few if any would say the earth is not getting warmer—that’s easily measured. The question is why, and this is the crux of the climate change debate: How much warming is “normal” and how much of it can be attributed to human activity?


      Weather, Climate, and Climate Change


      OK, time for a few definitions. “Weather” and “climate” might sound like the same thing, but in fact they are quite different. The distinction is time. Weather refers to conditions from one day to the next, or even one moment to the next. Mark Twain famously said, “If you don’t like the weather in New England, wait a minute.” (He wasn’t far off—meteorologists have been getting embarrassed by Mother Nature in the Northeast for a very long time.)


      Climate, on the other hand, refers to weather conditions over the long term. Specifically, it refers to averages—for rainfall, temperature, winds, and so on—that a particular area will experience over years, decades or longer. So, while the “weather” in Phoenix today might be rainy and a bit cool, the “climate” of that part of the world is decidedly hot and dry.


      If the Globe Is Warming Then How Do You Explain Extremely Cold Winters?


      Well, hopefully you can answer this yourself, based on what we just described. The answer is that the “warming” in global warming refers to climate—specifically temperature—in the long term, whereas a cold winter is only temporary. There is a relationship, though, between changing climate and weather. Let’s take an analogy from the world of personal finance.


      If you spend more money in a given month than you earn, over the long term this habit will harm your ability to pay your mortgage, rent or other expenses. Spending more than you earn will eventually catch up with you—it is simply a matter of time. While at any given moment you might have a wad of cash in your pocket (on payday, for example), the fact is you’re not getting richer; you’re getting deeper in debt. The same scenario applies to global warming. On any given day, or even in a given year, we might experience colder weather while the earth’s climate remains on a warming trend.


      Are Climate Change and Global Warming the Same Thing?


      Close, but not exactly. Global warming (or cooling) is what causes climate change over time, though the results can be quite varied depending on where you are. Changes in climate can affect temperature, winds, rain or snowfall, and the timing of all of the above. Plus, each of these phenomena are interrelated—start monkeying around with rainfall, and you’re going to have an effect on winds as well because of the changes in surface temperature caused by the rain. Global warming is a planet-wide phenomenon, but climate change is very much local.


      Is Ozone Depletion the Same as Global Warming?


      What do fifteenth-century Japanese emperors have in common with the Montreal Canadiens? No, they didn’t play hockey in feudal Japan (that we know of), but the ancient capital of Kyoto later became known for a landmark international agreement on global warming. And Montreal? That was the site of a similar accord on ozone depletion.


      Different cities and different phenomena. The ozone layer in the earth’s atmosphere hovers around 9 to 31 miles above the surface and acts like a giant pair of sunglasses for the entire planet. Ozone blocks ultraviolet radiation and without its protection, we’d all have more than a bad sunburn. The Montreal Protocol4 set up a global approach for reducing certain chemicals in the atmosphere that are responsible for ozone depletion, most notably chlorofluorocarbons or CFCs.


      The more famous Kyoto Protocol5 created a set of rules aimed at lowering the amount of CO2 emissions being released into the atmosphere with the ultimate goal of stabilizing atmospheric levels of greenhouse gases. A total of 183 countries signed and ratified the agreement with a handful still left to express an opinion. The U.S. is unique in having signed the agreement without ratifying it. However, more than four hundred U.S. cities have committed to Kyoto on their own initiative, representing more than a fifth of the country’s population.


      What’s So Bad About a Slightly Warmer Earth?


      Over the past 100 years, the earth has warmed about 1ºF. That’s it—one degree.6 So what’s the big deal? That’s a fraction of the temperature swings that go on in households all over the world in the never-ending game of thermostat warfare. Well, as it turns out a degree or two actually does make a difference in the condition of the planet.


      There is a wing of scientific inquiry known as Gaia theory that holds as its basic premise the idea that the earth is a single living system.7 When you consider our planet this way, it brings this issue of temperature a bit closer to home. Think about what happens to your own living system, your body, if its temperature rises even a couple of degrees above the “normal” 98.6. It’s a big-time indication that something is out of balance, probably an infection. The same idea applies to the earth in terms of a seemingly small rise in temperature acting as a sign of much larger and more serious problems.


      Many people more qualified than us have offered up predictions about what might happen if the earth’s temperature continues to rise and the climate continues to shift. We’ve chosen a few just to give you an idea of how far-reaching the implications are.


      The International Panel on Climate Change (IPCC)8 estimated in its 2007 report that melting glaciers could cause sea levels to rise between 7 and 23 inches by the end of this century. That doesn’t sound like much until you consider just how many people, and how many of the world’s most prominent cities, are located within a few inches of sea level. Places close to water made for good settlements going back thousands of years, so it’s not surprising that so many of us live in low-lying coastal areas now.


      Rain and snowfall patterns would change, throwing some temperate areas into a state of increasingly severe drought. That means less water not only for raising crops but also for other uses—drinking, sewage, industry, and recreation. It also means more drastic weather events like hurricanes and tornadoes due to the destabilization in local climate. Storms thrive on instability brought on by temperature differences between air masses. Forest fires, too, have been projected to increase and expand to areas that typically don’t experience them now.


      Polar bears have become something of a mascot for climate change awareness, along with penguins. Nobody likes to think about drowning polar bears or penguins falling into cracks in once-solid ice, but that is indeed happening more often as more of the world’s coldest habitats melt away. Less ice isn’t so much a drowning problem for bears. It just makes hunting a lot harder (less cover, less transportation), and shortens the winter hunting season. Something to consider when you don’t eat for several months of the year.9


      On the other end of the food chain, coral reefs are already dying at an alarming rate.10 According to the UN, around 30 percent of the world’s coral is already gone and a whopping 60 percent is expected to die just in the next 20 years. The culprit? Rising sea temperatures, which have a negative impact on the algae that corals rely on for nutrients. No algae, no coral. And if you watch much Discovery Channel or remember Jacques Cousteau, you know that coral is like an undersea megacity, home to many kinds of sea creatures and thus a vital link in the ocean’s ecosystem.


      Sea turtles face a double-whammy from global warming. First, warmer temperatures in the sand where they lay their eggs typically cause fewer male turtles to hatch, which could put sea turtle populations into decline. If the sand is warmer still, it could reach a point where no turtles will hatch. Before then, however, the adult turtles will find fewer and fewer places to nest due to the erosion of beaches in more frequent storms.


      If you’ll pardon us stating the obvious, we humans are also animals and we are not immune from the changes that global warming will have on the planet. If the rest of our fellow creatures have less habitat, less food and less opportunity to reproduce, then so will we. Because as much as we like to pretend we can bend nature to our will, the fact remains that we are utterly dependent on the natural world for our very survival. If the mass die-off of the world’s coral puts the oceanic food chain in danger, it means one of our most important sources of food is threatened. That’s what old-guard environmentalists meant when they used to say “we all live downstream.”


      Nature’s Carbon Balance


      The earth has a way of recycling carbon through natural systems, on both a short-term and a long-term basis. In the short run, trees and other plants take in CO2 and use it to make food for themselves in the process of photosynthesis. They release oxygen as a by-product. Humans and other animals take in oxygen and release CO2.


      In the longer term, carbon is cycled in a few different ways over millions of years.11 When carbon combines with water, it produces a weak acid that very slowly eats away at rocks. The carbon from these dissolved rocks might end up in the ocean to form shells and coral reefs, or it might migrate deep into the earth. Carbon in the form of organic material also gets buried slowly over time, eventually turning into coal, oil, and natural gas.


      These long-term storage depots can hold carbon for millions of years. Eventually, the carbon is released back into the atmosphere from the ocean in the form of CO2 gas, or more directly (and dramatically) from volcanoes. Clearly, though, the speed at which nature operates is on an entirely different scale than we humans are accustomed to. That’s why CO2 is building up in the atmosphere—the natural cycle simply cannot keep up with the pace we’re setting. However, given the opportunity, the earth’s processes will eventually bring carbon back into a state of balance.


      Global Warming and Energy


      The energy industry is a major source of CO2 emissions, but it’s not the only one. As you can see in figure 13.2, it accounts for about a quarter of all GHG emissions globally with the rest spread across a number of other sectors. However, what is not immediately clear from this chart is the fact that “Energy supply” refers only to the production of energy. Industry, agriculture, buildings—all these other sectors produce CO2 in large part because of how they use energy. So, when you look at the entire supply chain through end use, it’s clear that energy is at the very heart of the global warming issue.


      In the U.S., energy-related emissions make up the majority of the GHG total, and within energy, over half can be associated with large single sources like power plants and factories. Transportation is also a major contributor as well, as shown in figure 13.2.


      These emissions go by the fancy-sounding name of anthropogenic greenhouse gas emissions, which is simply a reference to the fact that they are created by humans rather than natural processes. In climate science circles, “AGW” refers to anthropogenic global warming; the portion of total warming that can be attributed to human activity. Figure 13.3 shows a breakdown of the gases that make up GHG emissions from human activity.


      So, we’ve covered where GHG emissions come from, but how much carbon is actually in the atmosphere? We’ll answer that with three figures. The first comes from the last ice age, which we’re able to measure thanks to air bubbles in samples of ancient ice taken from glaciers that were around at the time. Back then, CO2 levels were around 180 parts per million (ppm). After the ice retreated, human civilization got started on a much warmer earth thanks to a blanket of CO2 at 280 ppm. Today, we’re at 381 ppm and rising—rapidly. So, if the difference between an ice age and a moderate climate we’d recognize is 100 ppm, then where does that leave us? How much CO2 can we live with?
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            Figure 13.2 Global greenhouse gas contribution by sector. (Inter-governmental Panel on Climate Change)
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            Figure 13.3 Global greenhouse gas contribution by type of gas. (Inter-governmental Panel on Climate Change)

          

        

      


      That, of course, is the big question. Climate scientists have suggested a level of 450 ppm would produce some changes in climate, some of them possibly severe in certain places, but would not spell doom for many. That level of 450 ppm is the recommended maximum from the Inter-governmental Panel on Climate Change, and at least for now it represents our best guess.12


      The problem is, science has never been here before, and there are so many inter-related factors all influencing one another that it becomes extremely difficult to make specific predictions.13, 14 Glaciers, for example, are melting at a much faster rate than scientists had predicted even just a few years ago. The ice sheets of Greenland are losing a cubic mile of water every week, and recently a huge chunk of pack ice in Antarctica split off from the continent, long before scientists thought anything so drastic would occur.


      Our point here is that we don’t really know what we’re working with, only that the potential damage to our planet could be enormous and irreversible. We’re not trying to scare anybody—this is simply the reality of what we know and don’t know about climate change.


      Footprints, Offsets, and Becoming

      Carbon-Neutral


      Whether we are counting calories, or simply want to know the amount of sugar and fat a certain food product contains, many of us check the nutrition label on prepared foods before consuming it. Similarly, with inexpensive technology, we can track our personal emissions of carbon dioxide as if they were calories. We can add up the amount of carbon dioxide our day-to-day activities contribute.


      This is known as a carbon footprint, which refers simply to the portion of CO2 emissions that can be attributed to our own personal consumption of everything from transportation to home heating. It’s usually expressed in terms of pounds of carbon dioxide, or CO2 equivalent, since not all our emissions are in the form of CO2 itself.
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            Figure 13.4 U.S. CO2 emissions from electric power generation. (Gina Fesmire)
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            Figure 13.5 Global CO2 emissions and atmospheric levels.

            (Oak Ridge National Laboratory)

          

        

      


      For example, the amount of CO2 that is produced by burning one gallon of gasoline in a typical car is about 19 pounds. Running a dishwasher once a day for a year results, on average, in the release of about 600 pounds of carbon dioxide. We’ve seen estimates of the average carbon footprint for one person placed at anywhere from 4 to 5.5 tons per year. There are probably others outside of even that rather broad window, which illustrates the murky nature of “averages” when dealing with so many variables.15


      There are many websites that offer tools to help you estimate your carbon footprint.


      Visit www.carbonfootprint.com or http://www.nature.org/initiatives/climatechange/calculator/ to estimate your carbon footprint and get tips on how to reduce it.


      In keeping with our food analogy, you can go on a carbon diet too. Rather than losing weight, the goal is to reduce your contribution of greenhouse gas emissions down to zero. Now, you might ask how that’s possible, and indeed there’s no way for anyone living in a modern society to eliminate their CO2 emissions. They can, however offset them with other activities that reduce carbon levels to arrive at a balance that is known as being—drum roll please—carbon-neutral.


      We list a variety of ways to reduce energy wastage as well as reduce greenhouse gas emissions in Volume 2, but to get to zero net emissions you’ll probably need to buy some carbon offsets.16 These are certificates you can purchase to offset a given amount of greenhouse emissions. The funds collected typically support projects like building a new wind farm or a solar park, or planting trees—anything that will actively reduce CO2 levels as compared to the alternative of doing nothing.


      In theory, purchasing carbon offsets is a terrific idea. The problem lies in verifying that a buyer’s money is really going to the project it’s supposed to. There’s also some debate about what should qualify as a carbon offset. Is a green building project really something that wouldn’t have happened anyway with or without the funding from offset programs? The market for offsets is still in its infancy, and its likely there will need to be much greater clarity around these issues if it is going to attract participation on a wide scale.17


      What Is the IPCC and Why Is Its Work Important to Understanding Climate Change?


      The Intergovernmental Panel on Climate Change (IPCC), if it were a person, would be just old enough to buy you a beer while it explained what it does for a living. It might need to buy you more than one. Created in 1988 as a project of the United Nations, the IPCC has published four major editions of its Assessment Report on Climate Change. The most recent installment was published in 2007 (you can find it at www.ipcc.ch) and the next is due in 2014.


      Contrary to how the group has sometimes been portrayed, the IPCC is not a political organization and does not make policy recommendations. Its sole purpose is the study of climate change and its effects. The group is made up of thousands of scientists from 130 countries, and in 2007 shared the Nobel Peace Prize with Al Gore for its work in raising public awareness of global warming and climate change.


      
        Fun Fact: Al Gore Hits a Trifecta


        Throughout his career, Al Gore has been outspoken on environmental issues and pushed for action on climate change in particular. Ironically, the former vice president will probably be remembered best for his work in the years following his time in the White House. In 2007, he won the Nobel Peace Prize along with the members of the IPCC, but that wasn’t all the awards he took home that year. Gore also scored two Oscars for his film An Inconvenient Truth (for Best Documentary and Best Original Song), and he nabbed an Emmy for Current TV, a news network he helped found. Busy year, to say the least!

      


      The Role of India and China


      In just about every niche of international affairs, whether economic, environmental or strategic issues, China and India feature regularly. They are the most populous countries on earth, and both are home to booming economies that have already rewritten the rulebook of global trade. When it comes to energy, the two countries resemble competitive eaters, each grabbing hot dog after hot dog (or barrel after barrel).18


      In China, the shift to a market economy has produced a dizzying surge in energy consumption along with a concurrent explosion in power plant construction. China is said to build a new coal-fired power plant every two weeks, and the country has plans for thirty to forty nuclear plants. It’s already home to the world’s largest hydropower installation, the eighteen-gigawatt Three Gorges Dam.19 They’ll need them all. According to the Natural Resources Defense Council, China’s electricity use will increase by 2,600 GW in the next 40 years.20 The International Energy Agency predicts that the resulting new GHG emissions will be nearly equal to those from the rest of the industrialized world combined—the U.S. included.


      Over in India, a similar story is unfolding, if only a bit more slowly than in China. India’s economy is likewise driving a surge in energy demand, and like China most of it is currently being met with coal, something both nations have in abundance.


      As “developing nations,” neither China nor India is required to make cuts in their carbon emissions under the Kyoto Protocol. However, both are in a position to get their energy infrastructure right the first time in that much of it is being built right now. With enough foresight and an emphasis on renewable energy, China and India could potentially leapfrog developed nations like the U.S. that now face the prospect of rebuilding their energy supply chain to be more environmentally friendly.


      Should the United States Ratify the Kyoto Protocol?


      The Kyoto Protocol is an international treaty that has reigned as the most prominent international agreement on global warming since it was negotiated in 1997. The U.S. famously did not ratify the treaty, and remains the only industrialized nation not to do so (Australia held out at first, but signed and ratified in 2007 following the election of Prime Minister Kevin Rudd).21


      But what makes Kyoto objectionable? Isn’t reducing GHG emissions a worthy objective? Of course, but critics of Kyoto will tell you that the treaty was fundamentally flawed in that it did not place restrictions on emissions from “developing” nations like India and China. The thinking was that established economies got to where they were without thinking about climate change, and the world’s up and coming nations deserved a chance to catch up.


      That proved to be a poison pill for U.S. lawmakers who had already passed a law stating that the U.S. would not ratify any international agreement that gave special treatment to some countries over others, or that would significantly harm the economy of the United States. At this point it may be irrelevant, as the Kyoto Protocol only covers activities up to 2012.


      Climate Talks in Copenhagen


      As the manuscript for this book went into editing, another round of negotiation on climate change began in Copenhagen with participation from representatives of 192 nations. Prior to the meeting, all eyes were on the U.S. to see if the world’s largest economy would pass any sort of carbon regulation of its own, the international consensus being that if such a law wasn’t in the cards, not much would happen in Denmark either.22 And nothing much did happen there.


      The longstanding chasm between “developed” and “developing,” “wealthy” and “poor” nations prevented any binding international treaty (or a 2010 deadline for one) from coming out of Copenhagen. The wealthier nations pressed for emission reduction targets that were measurable and verifiable; the powerhouse developing nations like China and India insisted that developed nations have built their economies with little regard for greenhouse gases and hence they should not be restrained in their economic development; and representatives of poorer nations requested vast amounts of international aid to cope with future impacts of global warming such as flooding, drought, and famine.


      The three-page accord that did come out of the intense negotiations was not formally accepted by anyone and was not legally binding on any nation. It is likely to undergo many more months (or years) of negotiation before it is in a form that is enforceable.


      The Governator’s Green Crusade: California’s Climate Change Initiative


      They say only Nixon could go to China, and perhaps only a populist Republican movie-star-turned-governor could get a major climate change bill passed into law. In 2006, California Governor Arnold Schwarzenegger signed an ambitious law requiring the state to cut its GHG emissions by 25 percent by 2020 and a whopping 80 percent by 2050.


      Formerly known by its humble legislative name “AB 32,” California’s Global Warming Solutions Act gives the California Air Resources Board most of the work in making recommendations as to how to achieve these goals and also in managing the enforcement of the Act. That includes, potentially, setting up a cap and trade system for GHG emissions within the state.23


      Without a doubt, this is the most comprehensive legislation to be enacted in the U.S. with regard to climate change, and the rest of the country and the world will be watching to see if the globe’s seventh largest economy can stabilize and then dramatically reduce its GHG emissions.


      Global Warming Is a Hoax:

      A Contrarian’s Viewpoint


      You didn’t think we’d let you out of this chapter without hearing a dissenting opinion, did you? Global warming “skeptics,” as the media often refers to them, range from thoughtful experts with legitimate points to make all the way to conspiracy theorists and assorted Internet crackpots. We’ll try to stick to the former category.


      As we noted earlier, the science of climate change is anything but straightforward, and as such it does leave room for questions. Here, then, is a sampling of issues raised by some who challenge the conventional wisdom on global warming and climate change.


      n Human activity contributes very little to CO2 in the atmosphere as compared to natural sources like volcanoes, animals, and the ocean.


      n The earth has gone through a wide range of climate changes in the past, and it will continue to do so—this is a natural process and humans are not in a position to influence it one way or the other.24


      n The current increase in global temperatures is in line with similar cycles that have taken place over the last several thousand years. As recently as the seventeenth century, temperatures grew so cold that the Thames River froze in London, allowing people to skate on the normally fluid river.


      n If the greenhouse effect were real, certain layers of the atmosphere would heat up faster than the surface of the earth, but that isn’t happening.25


      n The varying output of energy from the sun can lead to changes in climate here on earth. Solar activity over the last one hundred years closely matches up with changes in temperatures on earth.26


      Since we’re not climate scientists, we won’t spend the rest of this book debating or debunking these claims, but we thought it was important to give a little airtime to the “other side” on this topic. It’s worth noting that even the most virulent skeptics will agree that the earth’s average temperature is rising. There is enough data for that to be beyond doubt. The debate on climate change, to the extent there is one, is mainly centered on how much of an impact human activity is having on that trend and by extension, how much influence it can have in reversing it.


      Closing Pandora’s Box: How Do We Solve Global Warming?


      The story of global warming is a bit like the ancient Greek myth of Pandora, the girl with the box holding all manner of evils who opens it out of curiosity, unleashing all the suffering the people of the earth have endured since. The story has a happy ending of sorts: at the bottom of the box, after all the nasties had flown out, lay hope. While we humans have unleashed some pretty scary prospects with regard to climate change, all is not lost.


      Dealing with global warming will require a potent mix of technology, public policy and a good dose of marketing.27 Renewable energy sources are improving by the day, and they hold great promise as we try to make our energy supply more sustainable. However, we are for now still highly dependent on fossil fuels. Even if, for example, carbon capture and storage technology can be perfected in the next ten to twenty years, it will take decades more before the thousands of coal-fired power plants around the world can be outfitted with the technology.


      The most immediate and cost-effective way of reducing our GHG emissions is to use less energy in the first place. Efficiency, then, is the name of the game.


      Saving energy doesn’t necessarily mean sacrifice, though (and here’s where the marketing comes in). Indeed, our cars, homes, factories, and everything else were designed under the assumption that there would always be a ready supply of cheap energy available. As a result, efficiency didn’t factor in (much). After all, at thirty cents a gallon, who cares what kind of mileage your vehicle gets?


      But there’s a silver lining here in that all these inefficient products and processes are ripe for improvement. Sticking with cars, just look at the dramatic change in fuel efficiency that occurred following the oil shocks of the 1970s. The technology was there—it just needed an economic kick in the butt to be applied.


      We’re in the same position now with regard to the rest of our modern lifestyle. There is plenty of room for improvement, but until the economics make sense to move toward greater efficiency, not much is likely to change. That’s where policy can play a major role. By implementing mechanisms to encourage development and commercialization of wind turbines, hybrid cars and the like, government can allow these new technologies to have a greater impact, sooner, on our energy future.


      Policy Changes to Address Global Warming: Carbon Tax Versus Cap-and-Trade


      The central debate over what type of policy is best to address global warming comes down to how you go about making carbon expensive. Everyone agrees that putting a value on carbon is the only way to shift the global economy to a more sustainable footing. The debate is over what mechanism to use, and by extension, what the price of carbon should be. Get ready for Policy Deathmatch.


      In this corner, the undisputed champion of free marketers everywhere, the Cap-and-Trade System.28 And in this corner, supported by economists who view it as the most equitable approach, the Carbon Tax. Let’s get ready to rumble!


      The details of these competing approaches, especially the more complex cap-and-trade, can get rather deep for our purposes, but thankfully the fundamentals of both are easy to understand. A carbon tax works the same way as any other tax—if you emit a ton of carbon, you pay a certain amount for the privilege. The tax could be applied at the source (e.g., utilities), or it could be levied at the retail level like a sales tax. Either way, there is no distinction between sources and no need to set carbon levels—the only lever on the machine is the tax itself.29


      By contrast, the cap-and-trade approach has a lot more levers and requires a lot more working out of details. The basic idea is to set a maximum amount of carbon emissions and then divvy up the rights to emit carbon among all the emitters. Then, create a market where these rights can be bought and sold (i.e., traded). Throw in some penalties for noncompliance and you’re done, more or less.


      Obviously, this is an oversimplification, but you get the idea. The appeal of the cap-and-trade approach is that you have an actual market mechanism to determine what the value of a ton of carbon is. You have some flexibility built into the system so that a company having difficulty meeting its targets can buy carbon credits from another firm (remember carbon offsets?) and that in turn creates an incentive for companies to improve their carbon footprint.


      On the other hand, the carbon tax is appealing largely because of its simplicity. Everybody pays—that’s it! There’s still room for debate with regard to how high the tax should be, but once it’s set you can let the existing global market for goods and services take care of the rest. Goods like steel that require a lot of energy to produce and thus release a lot of carbon will be made more expensive, in turn driving manufacturers to innovate in order to remain competitive.


      In the U.S. in recent years, the prevailing wind has blown toward a cap-and-trade approach, but ironically the carbon tax option isn’t completely dead, in part because of Europe’s experience with cap-and-trade. The European Union put a cap-and-trade scheme in place in 2005, but problems soon surfaced, mostly having to do with too many credits having been given out at the beginning. The “trade” part of the plan simply didn’t materialize the way it was envisioned. That and other issues around the setting of caps resulted in a net increase in emissions among participating countries over the first two years.


      All eyes now are on America where a Democratic president and Congress are expected to pass climate change legislation sometime in the next few years.30 And if you thought the fights over health care or immigration policy were bad, just wait until Congress starts grappling with global warming.


      
        Additional Resources on the Web:

        Carbon Taxes and the Cap-and-Trade Program


        To learn more about carbon taxes visit the Carbon Tax Center (http://www.carbontax.org/), and for more on the current administration’s views on carbon taxes and the cap-and-trade program visit http://www.whitehouse.gov/issues/energy_and_environment/.

      


      Saving the Planet Starts at Home


      We’ve given you a brief overview of the two main policy mechanisms that are currently on the table for government to try to reverse the global warming trend. But while these big picture debates are obviously important, the fact remains that there is a multitude of things we can do as individuals to have an impact on global warming. The good news is that many of them will also save us money.


      Perhaps the first step toward saving the planet is to simply improve what you might call our carbon awareness. Management consultants like to say, “you can’t manage what you don’t measure,” and that certainly applies here. We need to understand where the low-hanging fruit is in order to pick it.


      For example, we all know that cars burp out a lot of CO2, but how much? And how does that compare to, say, the heating system in our home? Would it make more sense from a strictly environmental perspective to upgrade the car or the furnace? These questions point to a need for information that will enable people to make choices on their own. This book is just one step, and a baby one at that. Much more needs to be done.


      In the meantime, there are plenty of great resources in print and online that fall under the heading of “things you can do to reduce your carbon footprint.” Choosing Energy Star-certified appliances is a great place to start—they’re more efficient and will save you money down the road. Driving less, regardless of what kind of car you drive, will also have an impact and potentially a big one. We address this issue in more detail in Volume 2.


      Conclusion


      There is no silver bullet when it comes to global warming and climate change. We don’t think it’s overstating the issue to say that this is by far the greatest challenge humanity has ever faced, and it’s going to take a lot more than climate studies, hybrid cars, and certainly introductory books on energy before we reach a solution. No, the solution will be made up of many components—policy, technology, economics, and culture just to name a few.


      If you take away nothing else from this chapter, though, we hope it will be the idea that the game is not over yet. We humans are a plucky bunch, and we’ve overcome a lot of adversity in the past. We can do it again. After all, what’s the alternative?
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      Power Up! The Incredible World of Electricity

    


    
      Probably one of the most recognizable figures from the history of electricity is Benjamin Franklin. You know the story—Franklin flies a kite in a thunderstorm with a key dangling from the string that allows him to capture a static charge in a jar. That was in the middle of the eighteenth century, but even a hundred years later there was still no system for electricity to be used for practical purposes, and a hundred years after that there were still a good number of rural communities in the U.S. not served by a power utility.


      Today, of course, it is everywhere. Try imagining a world without electricity. No computers. No televisions. No Internet. No cell phones. No lights, either, except what you can get with candles and kerosene lamps. Absolutely none of the modern conveniences we take for granted would even be conceivable. It is hard to imagine life in an unwired world.


      So what about the bigger picture? How would our nation be affected in a world without electricity? At a societal level, people would likely not have very good health care. Imagine hospitals without MRI machines, CAT scan equipment, or even an x-ray machine. Worse yet, imagine hospitals not being able to function after sunset. Our life expectancy would certainly be lower.


      Without satellites hovering over the earth, we would be severely handicapped in our communications with each other. (What, no text messaging?!) But even worse, this could result in more wars because nations would not be able to communicate effectively to resolve conflicts. Picture the telephone hotline between the White House and the Kremlin (set up shortly after the events of the Cuban missile crisis), simply not working anymore.


      In this part, we will explore and explain this amazingly complex interconnected system of power plants, transmission lines, distribution grids and you, the energy consumer. We’ll explore the various sources of energy used to produce electricity and the technology used to deliver it to our homes and offices. We’ve spared you the heavy-duty technical stuff, but by the time you reach the end, you should have a good understanding of what electricity is and how it is used to support just about every aspect of our modern lives.
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          What Is Electricity?

        

      


      History of Electricity: Meet the Scientists


      Many people believe Benjamin Franklin discovered electricity in 1752 following his famous experiment with a key and a kite.1 This is perhaps as good a starting place as any, but in reality electricity was not really “discovered” all at once. In fact, our understanding of it evolved over a long period of time. Many different individuals contributed along the way with experiments and chance observations, and it took the better part of a century after Franklin before we were ready to make practical use of this force of nature. In this chapter, we’ll introduce you to the work of some of the scientists who made the telephone, the light bulb, and the iPod possible.


      Let’s start off in Greece, where so many great historical stories begin. Thales was a mathematician living around 600 BCE, and he was an observant guy. There may have been people who noticed that if you rub a piece of amber with animal fur, it would attract lightweight objects like feathers, but Thales was the first to write about it.2 What he didn’t know, though, was that the reason amber behaved in this way was because it is an insulator, a material through which electricity does not pass easily.


      Other inquiring minds noticed similar effects with certain substances (e.g., diamonds), but not others (e.g., metals). Gold, silver, copper—you could rub these with fur until Socrates got a haircut and still no attractive action would occur because these materials are conductors and they allow electricity to flow through them. Consequently static electricity doesn’t build up and so they don’t attract light objects.


      It took over two millennia after Thales before our understanding of electricity (and also magnetism—not the same thing) reached a point where scientists began to contemplate harnessing this form of energy. Otto Von Guericke developed the first electric generator in 1660, and demonstrated how a conductor could be used to move electricity from one place to another.3 It was another 120 years before Alosio Galvani built the first current generator, the kind we think of now as a “power generator.”


      More scientists began looking into electricity in the eighteenth century, Franklin among them. This was the age of enlightenment, and the rise of reason and modern science made electricity a favorite on the salon party circuit. Demonstrations garnered robust attendance at public lectures, and any self-respecting society man would have been at least aware of it.


      In 1745, Dutch mathematics instructor Pieter Van Musschenbroek invented a kind of storage vessel for electric charges that became known for the university where he worked.4 The Leyden jar, however, was independently discovered at almost the exact same time by a German, Ewald Georg von Kleist. But in a scenario that has been repeated in so many other instances, scientific and otherwise, Kleist didn’t publicize his findings and as a result Van Musschenbroek got the credit. Pity poor Kleist because the Leyden jar was in fact the world’s first capacitor, a device that stores electrical charge.


      Not long after the Leyden jar was invented, Benjamin Franklin conducted his famous kite experiment using the new device to see if lightning and electricity were in fact the same thing. However, contrary to the popular version of the story, there was no lightning. (Franklin’s experiment was still quite dangerous and is certainly worthy of the warning, “don’t try this at home.”)


      Franklin fashioned a kite with a wire sticking out of the top and sent it aloft as a storm approached. He tied a metal key to the other end of the string, and let it hang close to a Leyden jar. Rain moistened the string, which began to conduct electricity from the air down to the key. Sparks then began to jump from the key to the jar. Although there wasn’t any lightning yet, there was enough electricity in the air for Franklin to prove that electricity and lightning were indeed the same thing. He also filed away his observation about conductors and later marketed the first lightning rod, one of his many inventions.


      The concept of electrical charge was further investigated by a French military engineer-scientist named Charles de Coulomb, who was also a pioneer in the field of landscape retaining walls (hey, everything has its pioneer, right?). The unit of electrical charge is named after him.


      As the 1700s drew to a close, experimentation with electricity became more intense, if even a bit ghoulish. Luigi Galvani, an Italian scientist, discovered that a dead frog appeared to “jump” when placed near an electrical machine.5 Galvani interpreted this to mean the electricity came from the frog, but another Italian scientist, Alessandro Volta, surmised that the steel knife Galvani was using acted as a conductor and delivered the electricity to the frog.


      Volta’s investigations produced what became known as the “voltaic pile” in 1800. He stacked layers of zinc and copper separated by paper soaked in acid or saltwater, and this configuration led to the ability not only to store electricity but also to release it in a controlled manner.6 The voltaic pile was, in fact, the world’s first battery. Volta’s work didn’t stop there, and in case you’re wondering, yes, the term “voltage” comes from him.


      
        Fun Fact: Did You Know?


        Volta’s experiments along with Luigi Galvani, who applied electricity to deceased frogs’ legs, making them “jump” when touched by an electric wire, prompted Mary Wollstonecraft Shelley to write her book Frankenstein7 in 1818.

      


      By the nineteenth century, a good deal was known about electricity and electrical charges on an observational basis, but a great deal of intellectual distance still separated scientists from a complete understanding—not to mention practical application—of electric power. Enter Michael Faraday.


      Faraday conducted experiments in the early 1800s on both electricity and magnetism, and this combination would prove to be a potent one. His work formed the basis for the electric motor, generator, transformer, telegraph, and telephone. Faraday also coined several terms we still use today, like electrode, anode, cathode, and ion. Faraday’s principle of electromagnetic induction for generating electricity was one of his most important contributions, especially for our purposes, because this idea is at the heart of all electric generators working today.


      The list of nineteenth-century scientists who contributed to our ability to harness the potential of electric energy could fill an entire book on its own. Andre Ampere experimented with electromagnetism and gave us a measurement of electric current, the ampere, better known as the “amp.” Karl Gauss and Georg Ohm might also sound familiar because their names too came to describe units of measure in electricity.


      Who Is Michael Faraday?


      While many of us would probably think of Ben Franklin as the “father of electricity,” Michael Faraday (1791 – 1867) is perhaps a better fit for that title, at least as it relates to electricity as we understand it today. Faraday was an English commoner, the son of a blacksmith, who educated himself and eventually became one of the most revered minds in science, or “natural philosophy,” as the subject was then known.8 He was a chemist, physicist, engineer, and one of the greatest experimenters in history.


      Faraday’s list of accomplishments reads like a catalog of precursors to modern technology. He discovered benzene, developed a forerunner to the Bunsen burner, and pretty much invented our understanding of magnetism and electrical fields. He is even credited by some with the genesis of nanoscience, resulting from his investigations into tiny particles within gold. Faraday was also deeply religious and his faith drove him to expand his understanding of nature, which he viewed as having a vital connection to the divine.
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          Figure 14.1 Michael Faraday. (Photo courtesy of Wikimedia Commons)

        

      


      
        Key Concept: Insulators and Conductors:

        What Are They? How Are They Different?


        Insulators and conductors are simply materials that either hinder the flow of electricity or allow it. Metals—especially copper, aluminum and ferrous metals like steel—make great conductors. On the other hand, things like glass, wood, and rubber do a good job of keeping electric current at bay.

      


      Modern History of Electricity:

      The War of Currents


      When we talk about electricity in modern society, one figure stands above the others. He earned over one thousand patents during his lifetime and his name has become synonymous (literally, in some locales) with electric power. He was the “Wizard of Menlo Park,” Thomas Alva Edison.


      Edison was born in 1847 in Milan, Ohio, and like many of the personalities we’ve covered in this story, he was both a scientist and an inventor. He gave us the kinetoscope, the phonograph, and of course, the incandescent light bulb, just to name a few of his inventions.9


      Edison had a vision to bring electric light into every home and workplace, but despite his monumental stature in the history of science and engineering, he was not above making unsubstantiated judgments. Such was the case when it came to which type of current—direct or alternating—would be used to deliver electricity from a generator to a customer.


      Edison believed DC was preferable to AC, and indeed when the world’s first commercial power generation plant went online at Pearl Street Station in 1882, the power it delivered was transmitted using DC technology. Edison believed AC was dangerous, though in fact both AC and DC power can kill you—it’s more a question of the current and voltage than the type of transmission.


      One of Edison’s employees, an eccentric Serb named Nikola Tesla, had other ideas.10 He believed AC was the way to go. Tesla was a gifted inventor in his own right, but when he set out to develop an AC induction motor, Edison deep-sixed the project. In 1888, Tesla introduced his motor to the world, but by then he had moved on and set up his own laboratory.


      This competition between Edison’s DC and Tesla’s AC became known as the “war of the currents” and more recently was tagged as “the world’s first standards war” by author Tom McNichol. Tesla had a key ally, however, in George Westinghouse, who bought Tesla’s patents in the U.S. and put the inventor on the road to sell the technology. The battle was fierce, and it was personal. Tesla and Edison had some unpleasant history between them stemming both from professional disagreements on technology as well as matters of payment.11


      
        
          Figure 14.2 Nikola Tesla. (Photo courtesy of

          Wikimedia Commons)
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      Edison was relentless in his campaign against AC, even resorting to public electrocution of animals to “prove” AC’s inherent safety risk. In the end, though, AC won out largely on its ability to transmit power at high voltage, which enabled it to travel longer distances with lower losses. DC transmission is still used today (ironically, to send large amounts of power over long distances with lower losses), but the vast majority of our modern power systems use AC transmission. We explain both varieties of electrical current in chapter 16.


      Evolution of Electricity: From Science Experiments to an Interconnected Industry


      The development of the electric power industry happened hand-in-glove with the introduction of an endless parade of appliances that in turn created an ever-increasing demand for electricity. Edison’s light bulb was only the beginning. Electric motors powered traction systems for streetcars, heating coils warmed cold rooms, and electric irons made quick work of hubby’s dress shirts (keep in mind, we’re talking the last century here). Benjamin Harrison became the first U.S. president to enjoy a White House12 equipped with electric power in 1889.


      Meeting this apparently insatiable appetite for power created a huge business opportunity, but the infrastructure required made it impractical for multiple utility companies to compete for the same customers. As a result, the early power grid wasn’t a single grid at all. It was more of an electrical archipelago where cities of a certain size might have a power system, but the outlying areas would not.


      Eventually, these “electrical islands” would be connected to one another so that one area could supply power to another in the event of an outage (power failure). As these interconnections grew in number, the nation’s power systems began to coalesce into larger and larger systems. Even today, though, the U.S. power grid is in fact made up of three physically separate systems.


      Generators of the “archipelago” time were mostly coal-fired (i.e., steam turbines) or water-driven. Oil and natural gas would come in later, but only as an alternative to run the boiler in an otherwise similar steam generation plant. It would be after World War II that anything really game-changing came along.


      What Is Electricity?


      Electricity is wondrous stuff. It’s colorless, odorless, and tasteless, and you might say silent if it weren’t for the hum of the equipment used to generate and transmit it. Oh, but you sure can feel it, as anyone on the receiving end of an electric shock can attest. But what, exactly, is electricity?


      In the simplest terms, electricity is pure energy. It’s a particularly useful form of energy because it can be controlled and perhaps just as important, it can be transported almost instantaneously over very long distances. In more practical terms, electricity is moving electrons. Whether AC or DC, electric current is literally the light-speed march of electrons across a conductor.


      But wait, you say, aren’t atoms made up of a set number of protons, electrons and . . . oh yeah, neutrons? If you have electrons “leaving,” wouldn’t that make the atom in question into some completely different substance? A fine question, Grasshopper. To answer it, we first need to look a little closer at the anatomy of an atom.
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          Figure 14.3 Anatomy of an atom. (Doug Jones)

        

      


      In any atom, the number of protons determines whether it’s an atom of hydrogen, carbon, gold, or some other substance. Protons have a positive charge, and they are balanced by the electrons in the atom, which have a negative charge. Neutrons are—yep, you guessed it—neutral, and so they have no charge. While the protons and neutrons all cluster together in the atom’s nucleus, the electrons orbit the nucleus in a constant motion that keeps them apart from the other electrons.


      Now, you may have been able to remember all that from physical science class, but here’s where it really gets interesting. Electrons orbit the atom’s nucleus at different “altitudes” just like satellites orbit the earth. Some are closer in, and others orbit farther away from the atom’s center. The key thing to remember about electrons is that they are negatively charged, and as such they are attracted to the positively charged protons in the nucleus. However, some electrons are more, shall we say, “faithful” to their home atom while others are more prone to seek adventure in other nearby atoms. The difference has to do with how close to “home” a given electron is to begin with.


      Electrons orbiting the nucleus at close range are not likely to leave because the attraction to the protons is strong enough to keep them off the street. But electrons orbiting the nucleus at a greater distance have a weaker connection to the protons. You know, out of sight, out of mind—the “higher altitude” electrons just don’t have that same sense of commitment (i.e., magnetic attraction) to the nucleus that the close-in ones do, and a little magnetic force from the outside can induce them to jump from one atom to another. These electrons on the move are what we call electricity, or more specifically, electrical current.


      Now, we should note that not all atoms have such problems keeping their electrons at home. Some keep their atomic family together no matter what while others will cut an electron loose at the slightest suggestion. This, in essence, is the difference between insulators and conductors—insulating materials are made of materials with stay-at-home electrons while conductors are made of materials with more opportunistic electrons.


      Copper, aluminum, and steel—these all make great conductors because they pass around electrons like a family passes around the new baby at Thanksgiving. Rubber, glass, and certain gases, on the other hand, all hold onto electrons like a parent clings to the idea of their child as an eight-year-old even when the kid is seventeen and asking to borrow the car.13


      
        Fun Fact: Electricity Trivia


        n A 100-watt light bulb running for just 1 second uses 6,000,000,000,000,000,000 electrons.


        n Water is a good conductor of electricity and your body is made up of 60 percent water, making you as a whole a good conductor. Play it safe and stay out of the water around electricity and lightning.


        n The strength of an electric current is measured in volts. The higher the voltage number, the more force there is pushing the electric current through a conductor.


        n Edison was dismissed from school as a child because his teachers thought he was what we might refer to now as developmentally challenged.


        n The Statue of Liberty was electrified in 1886; later the Brooklyn Bridge became the first to use electricity for lighting.


        n The electric chair was invented by a dentist.


        n Electrocution is one of the top five causes of workplace deaths.


        n One kilowatt-hour provides enough energy to run a television for 3 hours, and a 100-watt light bulb for 12 hours (we’re talking conventional bulbs).


        n When Christmas lights first came into fashion, people more often chose to rent them rather than buy because they were very expensive.

      


      When electrons move from one atom to another, the process isn’t entirely neat and tidy. Some of the energy in the process is given off as heat. We’ll revisit this idea of energy losses when we discuss the transmission and distribution system.


      Static electricity is the same as the kind we use to run our toaster ovens, but rather than being passed along a conductor as current, the pent-up charge is released all at once. In the absence of a good conductor, loose electrons build up a strong negative charge until something comes along to release it. Walk across a carpeted room on a dry day, then touch a light switch, and you’ll get the idea. Believe it or not, lightning is exactly the same thing, just on a larger scale. Negative charge builds up in the air until it is released with tremendous force. The air around the bolt of lightning flashes with luminescence and the heat forces the surrounding air to expand at explosive speed, creating the clap of thunder.


      
        Fun Fact: Static Electricity


        n A spark of static electricity can measure up to three thousand (3,000) volts.


        n An electric eel can produce an electric shock of up to 650 volts at one ampere.


        n Currents of approximately 0.2 amps are potentially fatal, because they can make the heart fibrillate, or beat in an uncontrolled manner.


        n Lightning strikes are typically between two and three miles long, but are only about two inches thick.


        n The temperature of a lightning bolt is hotter than the surface of the sun; even the air around it can reach 50,000 degrees Fahrenheit.


        n “Spider lightning” flashes have been recorded by radar traveling distances over 35 miles.


        n Electricity travels at the speed of light—more than 186,000 miles per second!

      


      Fighting an Invader: The Concept of Resistance


      The surrender of France during World War II was a major blow to French national pride, but some citizens came together to fight the Germans in secret. The French Resistance movement played a vital role in gathering intelligence and performing acts of sabotage. In this section, however, we’ll be talking about another type of resistance—the electrical kind.


      As we learned earlier, electricity moves through some material more easily than through others. The measure of how hard it is for an electrical charge to pass through a given material is known as resistance. Conductors like metal and water have low resistance (lots of freewheeling electrons jumping from atom to atom) whereas insulators like rubber and glass have high resistance (homebody electrons sticking close to the nest).


      The resistance of a transmission line, for example, also depends on the physical characteristics of the conductor itself. Now, we love Wikipedia, but check out this sentence from the entry on electrical resistance:


      “An object of uniform cross-section will have a resistance proportional to its length and inversely proportional to its cross-sectional area, and proportional to the resistivity of the material.”14


      Huh? How about this instead: Long skinny wires have more resistance than short fat ones. Simple, right? Electric current runs along the outer surface of the conductor, so it makes sense that if there’s more surface, the current will flow more easily along any given section. The resistance builds up, though, as the current travels farther and farther along the wire because there is more conductor material to pass through and so more resistance to overcome. That’s why it’s hard to send power over long distances without a way to deal with all that resistance and the energy losses that come with it.


      One way to make electricity overcome resistance is to boost the voltage, which is akin to the hidden strength behind the current, very much like water pressure in a pipe. Greater pressure means more volume of water goes through at the same speed. Speed of water flow is akin to current in our analogy. So, you can arrive at the same amount of energy (water) being transmitted on a power line with varying levels of voltage (water pressure) and current (speed of flow).


      Electric Circuits: The Basic Building Blocks of Our Electric System


      So, we have electrical charge, which we now know to be caused by vagrant electrons moving from atom to atom, and we have resistance, a measure of how easy (or difficult) that movement of electrons is. How, then, do electrons actually move from one atom to another? How does “electricity” as we know it come to be?


      It’s true; electrons don’t just randomly leap through space. There has to be a bridge between the home atom and the destination, and that bridge is what is known as a circuit. When you switch on your mobile phone, you are essentially completing a loop inside the phone. When you flip the switch, you give the electrons somewhere to go. Electrons in the phone’s battery begin to move out of the negative end, through the phone’s circuitry, and into the positive end.


      Electrons always flow from negatively charged atoms to positively charged atoms, forever seeking to balance the two. After a while, the charge stored in the battery dissipates (i.e., the battery is “discharged”), and the electrons no longer move through the circuit. Before that happens, however, you might notice your phone starting to get rather warm. This is a direct result of resistance. Electrons moving from one atom to another bump into other atoms and that bumping slows the electrons down and creates heat.


      In other instances, we can use resistance to produce heat purposely, like in a hair dryer. A coil inside the hair dryer puts out a lot of heat because the electrons moving through the circuit encounter a lot of resistance. The same process happens inside an incandescent light bulb, except that in addition to heat, the filament gives off light. Incredibly, only about 2 to 3 percent of the energy going into a traditional light bulb produces light. The rest is given off as heat. That’s why today’s compact fluorescent light bulbs are able to shine just as bright as incandescent bulbs but only use a fraction of the energy—they are simply more efficient in their use of electricity.


      
        
          Figure 14.4 A simple electrical circuit. (Doug Jones)
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      Amps, Coulombs, Volts, and Watts


      Yes, we know. Just looking at that series of terms is enough for anyone to put this book down, but believe it or not we’re going to explain each of these words in the next two minutes of your reading time. OK, start the clock.


      Probably the best analogy to describe electricity is water. The flow of water through a pipe or the flow of water in a river has enough in common with the flow of electrons in a wire that examining their connection can help us understand both. Plus, it’s been used by many other people, so we figured why mess around with anything else?


      So, consider water flowing through a pipe. This is similar to electrical charge (i.e., electrons) flowing through a wire. In fact, in the early years of discovery, electricity was even referred to as “electron fluid” flowing through wires. The water is analogous to electrical charge.


      Water is measured by volume—ounces, gallons, liters, and so on—and the electrical equivalent of volume is a coulomb, which is basically electrical charge that isn’t doing anything (yet). Now let’s talk about flow.


      Water flow in a pipe is measured by the amount of water that flows past a given point per second, the “water flow rate” for lack of a better term. Similarly, the flow of electrical charge through a conductor is measured by the amount of charge that flows past a given point per second. This “electrical charge flow rate” is simply the number of electrons zipping past a point in the wire in any given second. But the term is a mouthful, isn’t it? Thankfully there is a simpler term for “electrical charge flow rate.” It’s called current, but we should point out an important distinction here between current (flow) and charge (the stuff that’s flowing).


      If you ever hear someone talking about a “flow of current,” they are probably just recalling an incorrect analogy they learned in school. Worse yet, it is a double redundant phrase like “safe protection of laptops,” implying there is something called unsafe protection, or “home razed to the ground in a fire,” as if razing didn’t already mean the home was leveled. Our favorite is “balloon ascends up into the air,” as if ascending down is even an option.


      OK, back to work. So far, we have charge (water) and current (flow of the water). Charge is measured in coulombs, but you’re probably more familiar with the measure of current, the ampere or “amp.” One ampere is equal to one coulomb of charge moving across a circuit per second. In our water analogy, coulombs would be like a gallon of water and amps would represent a rate of flow like gallons per second.


      
        Fun Fact: Why Don’t Birds Get Electrocuted

        When They Sit on Power Lines?


        Bird on a Wire is a movie starring Goldie Hawn and Mel Gibson, and takes its name from the Leonard Cohen song “Bird on the Wire,” which he composed after noticing a bird sitting on a recently installed phone wire.


        Since this is a book on energy, and not on telephone systems (or Hollywood movies of the 1990s) we will pretend that the bird was instead sitting on a power line. Birds, especially smaller ones, are generally safe from electrocution, but squirrels are not always so lucky. Why is this so?


        It all comes down to electrical resistance. As we discussed in earlier sections, resistance is the tendency to prevent electric current from traveling through a material. When a bird lands on one single wire, the resistivity of the bird is high compared to that of the wire. Since the bird is a poor conductor of electricity compared to the wires, the electrons “choose” to flow through the wire, sparing the bird. A tiny amount of electric current does pass through the bird, but it’s negligible. On the other hand, if an unwise squirrel happens to step onto a power line with one paw on the energized wire (that is at a high voltage level) and the other paw on an electrical ground (a region that is at zero voltage), well that squirrel won’t be unwise (or alive) for very long. That’s because Mr. Squirrel completed the circuit, providing literally the path of least resistance for the electricity to flow from the energized wire to the ground. (This is very similar to how lightning arrestors provide a path for the lightning to rush to the ground.)


        The same thing can happen to a bird, but it’s usually a larger bird with a wide wingspan. The reason for this is that larger animals are more likely to touch an energized wire and a ground wire simultaneously. Regardless of how it happens, if the resistance of the wire is greater than the resistance of the bird, a great deal of current passes through the bird and our feathered friend is soon on his or her way to the proverbial better place.


        This isn’t exactly what we’d call a “fun fact,” but each year more than one thousand hawks, eagles, falcons, and owls are estimated to die from electrocution on transmission lines and poles. We don’t have any statistics on squirrels, but they likely die in much greater numbers.

      


      Voltage in a circuit is like water pressure in our analogy. If you are taking a hot water shower on the second floor of your home but your water heater is in the basement, what pushed the hot water up to the second floor? Water pressure. If you live in a high-rise apartment building, you may have to deal with long waits to get hot water to your sinks and showers. It is likely that there is a pump that pushed the water through the pipes so it reaches the higher floors, and a battery in an electric circuit is analogous to a pump in a water “circuit.”


      The pressure that pushes electrons in a circuit is called voltage. What’s not commonly understood, though, is that voltage causes current, and indeed is required to make electrical charge flow through a circuit in the first place. You can think of it as a force literally pushing the loose electrons along.


      Currents of either water or electrical charge can flow with more or less force depending on how much pressure is behind them. If you’ve ever tried to take a drink from a swiftly flowing garden hose, you have an appreciation for what we’re talking about. It’s the same with electrical current—the greater the voltage, the more charge is passed through the circuit.


      OK, hang in there—we’re almost done.


      Electricity is measured in watts, which is a measure of rate of flow. The name comes from James Watt, who is famous for giving us the modern steam engine. One watt is a very small amount of power. Power plants generate a lot of energy, and even homes use so much electricity that it’s impractical to discuss these matters in plain old watts. You’re probably familiar with kilowatts (one thousand watts), and you might have heard power plants described in terms of how many megawatts (one million watts) or even gigawatts (one billion watts) of power they generate.


      We have to give a big shout-out here to the computer industry to thank them for introducing all of us to these previously arcane measures. The widespread adoption of personal computers has made “megabyte” and now “gigabyte” into household words, literally. (Who could have predicted that?!) These numerical prefixes mean the same thing in power as they do in computer technology.


      Time to Think About Time


      So, when does a watt become a watt-hour, and what, exactly, does that mean? Put simply, a watt-hour is a flow of electricity moving at the rate of one watt for one hour. A kilowatt hour (kWh), then, is simply one hour’s worth of electricity flowing at a rate of one kilowatt. And megawatt hours? Same thing, just that the power is flowing at a rate of one million watts for that hour.


      Our electric bills show our energy consumption in kWh because this unit captures both the rate of flow (watts) and the length of time we were using the electricity at that rate. A typical home in the U.S. might use 936 kWh of electricity in a month. Now, there are many ways to consume those 936 kilowatt hours. You could use precisely the same amount of power every minute of every day, or you could use it all up on the first day and then shut off the main switch in your house and go on vacation.


      The difference between these two equally unlikely cases comes down to what the utility industry calls demand. It’s a fairly self-explanatory term, but the key thing to remember is that demand in the electricity world is instantaneous. It is the rate of flow—the watts—of electrical energy that you are using at any given moment in time, and it changes from one instant to the next. As we’ll see later, this simple fact has some very important implications in how our power grid is built and operated.
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          Figure 14.5 Voltage (pressure) and current (flow) in water and electricity. (Doug Jones)

        

      


      Magnets and Electricity


      We can’t bring our discussion of electricity to a close without a look at what is perhaps its most fundamental aspect, and that is magnetism. You might have heard of electromagnetic fields, and you might already have some idea that these two things—magnetism and electricity—are linked. If so, give yourself a pat on the back. For many of us, that’s where our understanding hits a brick wall.


      But you don’t have to be a PhD in physics to understand how electrical energy relies on magnetism. It’s really all about those pesky electrons we talked about earlier.


      At the atomic level, most materials—water, plastic, carrots—are alike in that their atoms’ electrons are all spinning in random directions. Magnets are special. They have their atoms arranged so that the electrons are all spinning in the same direction. This alignment of electron-spin is what creates a magnetic field around the magnet, and it has two poles, positive and negative. In the case of the planet we live on—which has its own magnetic field thanks to lots of iron in its core—the poles correspond to north and south.


      As most everyone knows, opposites attract—in magnets, and often in people too. The force of that attraction can be quite strong. (Ever get your finger caught between two even small magnets?) Perhaps not surprisingly, that force is enough to move electrons, and that is precisely what happens in a generator. A spinning motion (created by any number of methods) is connected to a rotor that turns inside a stator. The rotor rotates while the stator is stationary. Either the rotor or the stator will have metal windings wrapped around it, and here is where we get down to business.


      The rotor’s magnetic field moves as it turns, and that creates a flow of electrical charge in the windings. Put another way, it forces electrons in the metal windings to start moving from atom to atom. Remember, the charge in the material of the winding is always there. The magnetic force just pulls the electrons (the charge) into an organized current. The flow of electrical charge moves out of the windings, through other conductors and eventually into your home.


      Electric motors use exactly the same process, just in reverse. They take an incoming flow of charge—electrical current—and they use that current to create magnetic forces that cause a shaft to turn, thus producing mechanical energy (i.e., the rotation of the motor’s drive shaft) from electrical energy.


      Storing Energy: The Battery


      Energy cannot be created or destroyed, but it can be stored. On a large scale, storing electrical energy can be expensive and as a result there are a fairly limited number of storage technologies that make economic sense. On a much smaller scale, however, stored energy is as widely available as chewing gum—and it often appears on the same rack at the checkout stand.


      Of course, we’re talking about the humble battery, which is getting a lot more attention these days now that electric and hybrid-electric vehicles are on the verge of breaking into the mainstream automobile market. All batteries, whether they power a mobile phone, a car, or an entire city (yes, it’s true) work on the same principles.


      Batteries store electrical charge in the form of chemical energy. When placed into a circuit, like a flashlight, the charge begins to flow because now it has somewhere to go (assuming you switch it on). What’s actually going on inside the battery is a chemical reaction that happens when an electrical current is present.


      One common type of battery is the zinc-carbon variety, and it makes a good example to understand how this chemical/electrical process works. These batteries have two rods, one made of zinc and the other of carbon, surrounded by an acidic solution. The acid slowly eats away at the zinc, breaking it down so that hydrogen atoms are released. Those atoms combine with other hydrogen atoms in the acid to form molecules of hydrogen gas. The reaction also releases a good deal of heat.
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          Figure 14.6 Magnets. (Doug Jones)

        

      


      However, with the carbon rod in the mix, two things happen. First, the carbon rod creates a circuit, so the electrons knocked loose by the chemical reaction begin to move, creating a current. Second, since more of the energy from the zinc-acid reaction is released as electrical current, there is less heat. Eventually, the zinc will be completely dissolved and at that point you have a dead battery.


      In later chapters, we will explain other types of batteries that store electric energy in other forms such as water.
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      Power Generation

    


    
      Throughout this book, we’ve sought to demonstrate why energy is the world’s most vital commodity, but in truth there are two others: coffee and sugar. They power everything from armies to business executives to sleep-deprived college students, and we’re only half joking here. Starbucks has been instrumental in the proliferation of fine coffee consumption. In the space of less than a decade, the Seattle-based purveyor of four-dollar cups of Joe made good coffee a must-have for millions. Red Bull, the popular energy drink, takes it one step further and delivers a healthy (er, maybe “substantial” would be better) dose of caffeine along with sugar and a few vitamins. The combination of caffeine high and sugar rush has proven to be quite appealing—Red Bull is available today in 130 countries.


      Now imagine if, instead of driving to a café or supermarket, or even brewing your own at home, you could have your coffee (or your Red Bull) just the way you like it anytime, anywhere. As soon as you think it, the cup appears in your hands. A tantalizing proposition, isn’t it? But in fact, that is precisely how electrical energy is delivered every day.


      You can think of electricity as the most perishable commodity in the world—it must be consumed at the very instant it is generated. The converse is also true, though—that electricity must be generated at the moment it is needed.


      Obviously, maintaining this delicate balance is no easy task, and it requires an army—or to use the industry term, a fleet—of power generators of various kinds to meet our ever changing demand. In this chapter, we’ll get to know the different “ships” in the fleet (and just as a warning, we’re going to use this maritime analogy a lot in this chapter).


      What Is a Power Plant?


      Remember the dramatic opening chase sequence in the movie The Fugitive? After the train crash, a tense chase scene leads to a moment where Harrison Ford (a.k.a. Dr. Richard Kimble) jumps into the churning waters of a huge hydro dam in a last-ditch effort to escape. Or how about the television journalist Kimberly Wells (played by Jane Fonda) and her renegade cameraman Richard Adams (played by Michael Douglas) joining forces to expose the lax safety regulations inside a nuclear power plant, in the movie The China Syndrome?


      Well, if you don’t remember either, that’s OK. What we’re eventually coming to here is that whether you are looking at the inner workings of the electric system at the Hoover Dam or a large nuclear power plant or even a little gasoline-powered backup generator for your house, the concepts behind how they work are exactly the same.


      In almost all cases, the heart of a power plant is a large generator that in turn uses something to spin the rotor. It might be water moving through a hydroelectric dam, a large diesel engine or a gas turbine. In most cases, it’s a turbine driven by steam, which might be created by burning coal, oil, or natural gas, or from the heat of a nuclear reaction. Regardless of the source, the heat produced is used to turn water into steam at high pressure that is then fed through a turbine, causing it to spin at very high speed.


      The power generators that supply our homes, offices and schools today are loaded with high-tech equipment designed to optimize the combustion of fuel, monitor the chemical content of exhaust gases and keep tabs on every step of the operation. All of that, though, is really just window dressing on the basic process, and today’s generators are really not that far from the designs of Edison and Tesla’s time.


      How Does a Power Generator Generate Electricity?


      Among the many discoveries Michael Faraday made was one in 1831 when he noticed that an electrical current could be produced by rotating a copper disk between the poles of a magnet. Every generator since has worked on the same principle. The amount of current produced depends on how big the coil is, how strong the magnets are, and how fast the coil is spinning, but as long as the apparatus is connected to a circuit, current will flow.


      So, how do we get from input fuel to output electricity? Let’s take a look at what typically happens at a power plant. In this example, we will describe the steps in a steam-fired power plant, as this is how most of our electricity is generated.


      Fuel. As the name implies, this is where the energy comes from. Whether it’s coal, solar radiation or the force of a stiff wind, electrical energy starts out as some other form of energy. “Fuel” is a convenient way of thinking about it, even if it perhaps doesn’t technically apply to wind and sun.


      Furnace. In the case of a thermal power plant, this is where the fuel (coal, gas, etc.) is burned to create the necessary heat.


      Boiler. In the boiler, heat from the furnace flows around pipes full of water. The heat boils the water and turns it into extremely hot, pressurized steam.


      Turbine. Steam from the boiler moves into a device that looks rather like a fan or windmill, but with many more blades and several sets of them all stacked in a compact row. If you’ve ever blown into an unplugged table fan and made it start to spin, then you’re already familiar with what happens when the steam arrives from the boiler. Known as a turbine, this device is designed to convert the steam’s energy into motion (kinetic energy), specifically rotary motion.


      Cooling tower. Once it has passed through the turbine, the steam’s job is done. It then moves into large structures where it cools down and condenses back into water before being pumped back to the boiler for another trip through the cycle.


      Generator. The spinning turbine has an axle that connects it to a generator, which is where the mechanical energy of the rotation is converted into electrical energy using the process Faraday identified.


      Step-up transformer. The electricity travels out of the generator to a nearby piece of electrical equipment where the voltage level is increased before it travels long distances over transmission lines. This device is known as a transformer because it literally transforms the voltage.


      We’ll cover the rest of the journey in our chapter on transmission and distribution.


      Demand Electricity, and It Will Appear Instantaneously


      Peter Drucker is an internationally renowned management expert who is widely considered to be the father of modern management. He once said, “A business only exists to create a customer.”1 Indeed all businesses, including the energy business, begin with the customer.


      In our particular case, the customer is simply anyone or who uses electricity. Homes, offices, restaurants, and your teenage nephew who is addicted to the Nintendo Wii. If you consume electricity, you are a customer. It’s that simple. Now typically, we personally don’t consume electricity (unless of course, you are Celeste from the movie My Stepmother Is an Alien, in which case you’d be snacking on cigarette butts and flashlight batteries). Usually, it is a device in your home or office that is doing the consumption of electricity to perform some kind of work.


      An electric load is simply any item in your home that draws and consumes power, from light bulbs to microwave ovens to oddly named gaming consoles.


      Because electricity cannot be stored easily (at least not cost-effectively in large amounts), the electricity needed to serve a load is generated at the very instant that you want it. Demand it (by turning on the light switch or powering-up your computer) and the local electric utility will generate that exact amount of electricity and send it over to your home at the speed of light!


      The total electric load from all of the customers of a particular utility company is also referred to as the electric demand or simply “demand.” Since human activity varies in cycles, so does our electricity consumption. If we graphed the electric load for an average home over the period of a week or even a month, you would notice that it takes the shape of a pattern, or a curve. This graph is called the demand curve or the load curve. It typically rises (like we do) in the morning, reaches a peak in the late afternoon, and goes back down at night.


      Hence, a load curve is simply a chart showing the amount of electricity customers use over the course of time. This information is used by utilities to determine which power plants will run when as well as a variety of other operations.


      Electric utilities typically use different types of power generators at different times of the day to meet the electric demand instantaneously. Typically, the generators are often divided into three categories: Baseload, which refers to power plants that run twenty-four hours a day; intermediate, which run from mid-morning until the evening; and peaking, which run from the early afternoon until early evening when demand is highest.


      Baseload power plants include coal and nuclear facilities. Intermediate power plants include natural gas and a far smaller number of oil-fired power plants, and “peakers” are typically combined-cycle gas turbine power plants, and hydropower. Next up we’ll take a closer look at what makes these various types of power generators different from one another.


      Types of Power Generation


      As figure 15.1 shows, over 90 percent of the electricity used in the U.S. comes from so-called thermal power plants that use steam turbines, but obviously there is more than one way to boil water.


      Wind and hydropower cut out the middleman and use the force of moving air and water to drive a turbine directly. Photovoltaics don’t even bother with all that mechanical business and instead convert the sun’s rays directly into electricity (more on that in Volume 2).


      For now, we’ll first run through the different types of steam generators by what type of fuel they use. We describe all of these in greater detail in their respective chapters, so we’ll just stick to the basics here and focus on how the different types of generation are used to meet our electricity needs.


      Coal


      As we learned in chapter 11, there’s a reason they call it “King Coal,” and that is simply that it remains the cheapest, most abundant source of energy we have in the U.S. Nearly half of all our electricity comes from coal-fired power plants, which are especially suited to baseload generation. In other words, coal plants are most efficient when they can run for long periods of time without much variation in their output. It can take many hours for a large coal plant to heat up from a cold start, and once it’s running a coal plant cannot easily vary its output.
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          Figure 15.1 U.S. electricity generation by fuel type. (Energy Information Administration)

        

      


      It takes a lot of coal to operate a power plant. Just to produce enough electricity to run a 100-watt light bulb for one year would require over 700 pounds of coal in an average plant.2 A typical 500 MW coal-fired power plant uses around 1.4 million tons of coal per year, and will operate at around 30 to 35 percent efficiency, meaning of all the energy contained in the fuel, a little over a third will come out of the plant as electricity. The rest is lost as “waste” heat.


      More recently, an advanced coal plant design called integrated gasification combined cycle (IGCC) came on the scene.3 The main generator of an IGCC plant is still just a steam turbine, but rather than being fed by powdered coal, the boiler is run using a synthetic gas, or “syngas,” derived from coal. There are currently only two IGCC plants operating in the U.S. as the technology remains expensive, but the greatly reduced emissions make IGCC appealing as a way to exploit vast coal reserves without the environmental impact of traditional coal plants.


      Natural Gas


      Power plants fueled by natural gas come in two main varieties. The most common is called a combustion turbine, and does not rely on a boiler to heat water since there is no water or steam involved in the entire process. Instead, in a combustion turbine, the fuel is burned and the hot, expanding gases that result are channeled directly through the turbine. This is essentially the same thing as a jet engine; they can be built much more quickly and inexpensively than coal or nuclear power plants. These types of turbines are more expensive to operate, but they can be turned on quickly, and can vary their electrical output quickly based on the energy consumption needs of the hour (or minute). These plants are most often used as “peaking units” that run only when demand is high.4


      Natural gas is also used to boil water for steam turbines, but you already know how those work. Another type of gas-fired generator is called a combined-cycle gas turbine, and as the name implies it generates power in two ways. First, a combustion turbine generates power directly from the burning gas, but instead of being vented into the air, the hot exhaust gases are fed into a boiler that drives a steam turbine. The combination of the gas turbine and the steam turbine allows more of the heat to be captured and converted to electricity. As a result, combined-cycle gas turbines are able to achieve a high level of efficiency, around 60 percent, which is nearly double that of a typical coal plant.


      Petroleum


      Oil used to account for a sizable share of our total generation capacity, but the advantages of coal (cheaper) and natural gas (cleaner, more efficient) have made oil-fired power plants something of an anachronism. As recently as the early 1970s, they still provided 16 percent of all the electricity generated in the country, but today they account for just a tenth of that.


      Fuel oil plants operate much like combustion gas turbines. Some fuel oil plants can also be run on natural gas, and the operator will switch between the two fuels depending on price. Today, you can still find the occasional oil-fired plant in urban areas, where energy demand is high and power from more distant sources is not easy to import. The major drawback of fuel oil plants is their environmental impact. Fuel oil contains high amounts of pollutants, particularly sulfur, which forms sulfur dioxide during the combustion process. However, fuel oil also happens to be the cheapest liquid fuel available, so there are still some instances where oil-fired generation makes economic and operational sense.


      Nuclear


      Nuclear fission, the splitting of atoms, releases a tremendous amount of heat that in a nuclear power plant is used to run a boiler and then a steam turbine. Nuclear plants are more expensive to build than either coal or natural gas plants, but have lower fuel costs. Like large coal-fired power plants, nuclear plants are best suited to running at a constant rate for long periods of time. Once a nuclear plant is started, it is typically run for many months until the fuel is exhausted and must be replaced. Unlike coal, however, nuclear plants produce almost no emissions (CO2 or otherwise).


      There are, of course, significant concerns around safety and the prospect of nuclear fuel being used to create weapons instead of electricity, but the reality of climate change has given nuclear power a new lease on life. Some environmentalists like Greenpeace co-founder Dr. Patrick Moore have come out in favor of nuclear because it is the only generation technology that can produce as much power in one place without also producing the emissions we’re now trying to reduce.6 These competing considerations make nuclear power a special case in the electricity world, and we cover it in more detail in Volume 2.


      
        Fun Fact: Why Are Fuel Oil Prices

        Sometimes Higher Than Gasoline?


        Fuel oil is the residual gunky stuff left behind in the oil distillation process after the more valuable fuels like gasoline, diesel, and jet fuel are extracted from crude oil. So, why have fuel oil prices tripled in the past decade at times when gasoline prices went up by a factor of 2.3 and diesel by a factor of 2.4?


        We burn much less fuel oil for power generation than we used to, but fuel oil has found new customers. Large ships run on fuel oil known as “bunker fuel,” and thanks to globalization the world shipping fleet has grown at a record pace over the past two decades. To add to this dynamic, oil refineries are producing less fuel oil as they focus on more profitable products. When you combine the decreased supply from refineries with the burgeoning demand from the shipping market, you don’t need a PhD in economics to figure out what happens to the price.5

      


      Hydropower


      Energy from flowing water has been exploited by people all over the globe for millennia, but it has also played a major role in the development of electric power. “Hydro,” as it’s often called, today accounts for just 6 percent of our electricity, but that’s an average—some places like Washington State have tons of hydro resources and generate the vast majority of their power with them. Hydro used to provide a much larger share of our electricity nationally. Large dams were instrumental in the nation’s rural electrification program that brought power to millions of farmers and other Americans living in remote areas not served by urban grids.


      Today, hydro remains a critical part of the nation’s power infrastructure for several reasons. First, operationally, hydro is extremely good at following energy demand—all you need to do is just let a little more or less water flow through the floodgates. Pumped hydro—which entails capturing the water coming out of the turbines and pumping it back up to a holding area above the dam during the night when power costs are lower—is still the only economical way to store energy at large scale.


      Hydro is also relatively cheap, though there are a variety of environmental concerns relating to dams’ effects on aquatic life and the surrounding ecosystems. So how do hydroelectric plants work?


      Water flows first into a pipe known as a penstock before it is directed into the turbine. There it performs the same function as steam in a steam turbine, causing the blades to turn. The water drops a considerable distance in this process, which allows the weight of the water to be fully utilized in forcing the rotation of the turbine.


      Geothermal


      Geothermal power, like hydro, is being revisited with a few new ideas. Today, it is only used in the few locations where the earth’s crust is unusually thin, creating a natural boiler that can be tapped to run steam turbines, and even deliver heat to entire city blocks. In the U.S., only California has substantial geothermal generation resources, though as we will discover in Volume 2, Iceland has leveraged its unique geology to great advantage with geothermal power. In the big picture, though, geothermal is still a very small player, accounting for a tiny fraction of America’s total generating capacity.


      Solar


      Solar power is one of the most exciting and fastest-growing types of power generation. We’ll discuss the increasing number of different ways to derive electricity from sunlight later, but for now we can just summarize them into two groups. Photovoltaics or “PV” are what most of us visualize when we think of solar power. They consist of panels that convert sunlight directly into electricity.


      Solar thermal plants use the sun’s heat in concentrated form to generate steam for a conventional steam turbine. New developments in both solar thermal and PV have already brought down the cost of solar power dramatically, but it is still not competitive with traditional sources of electricity.


      Wind


      If you’re looking for a renewable power source that is competitive with at least the more expensive types of fossil fuel generation (i.e., natural gas when the price of fuel is high), wind is it. Wind turbines have advanced tremendously in recent years, becoming more reliable and just plain huge. Today’s multi-megawatt-size machines stand 250 feet high with blades that are as long as three tractor-trailer trucks. Wind still only accounts for 1 to 2 percent of the nation’s electricity, but it is the fastest growing generation technology in the U.S., accounting for 42 percent of all new generating capacity added in 2008.


      Biomass


      Biomass is a catchall term that includes a wide variety of waste material—wood, wheat straw, municipal garbage—that can be burned to generate electricity. It accounts for about 1 percent of the power generated in the U.S. While attractive for its landfill-shrinking potential, biomass does still produce CO2 emissions (we’re talking about burning stuff, after all). To date, the most successful biomass projects have made use of industrial waste sources (e.g., wood chips from lumber operations), which provide a steady supply of uniform fuel.


      Capacity Factor and Why a Megawatt Isn’t Always a Megawatt


      News stories on energy often refer to the number of homes a given power plant is capable of serving, with a general rule of thumb of 1,000 homes per megawatt. A 500 MW plant then would be said to produce enough electricity to power half a million homes. Occasionally, though, these figures are reported as much lower, notably when the power source in question is a wind or solar facility.


      So what gives? How can megawatts in one case serve more homes than the same number of megawatts in another case?


      The answer lies in the fact that power plant ratings—almost always expressed in megawatts—refer only to the amount of energy the plant can produce at any one moment under optimal conditions. This figure is called “nameplate capacity.”


      Of course, conditions are not always ideal. Turbines need to be shut down for maintenance from time to time, and water might need to be diverted to uses other than power generation. The percentage of a plant’s nameplate capacity that it can reliably deliver on an ongoing basis, say over a period of a year, is known as its capacity factor, and this number varies widely from one type of generator to another. Capacity factor is determined by dividing the energy a plant produces over one year by what it could have produced under ideal circumstances.


      Wind power provides perhaps the most dramatic example. A wind farm might have a nameplate capacity of 100 MW, but obviously the wind doesn’t blow all the time and even when it does it’s not at a constant rate. Consequently, that 100 MW plant may only average out at 30 MW of actual production (or less).


      Similarly, a coal plant with the same 100 MW nameplate capacity may average 75 MW of production over the course of a year. It’s still not the full 100 MW because the plant will shut down for maintenance from time to time, and it might operate at less than its rated capability when other power plants can produce power less expensively. So, the 100 MW wind farm would have a 30 percent capacity factor as compared to the 100 MW coal plant’s 75 percent.


      The difference in capacity factor is what makes for the sometimes wide variation between types of generation when they are compared using the “number of homes” measure. Coal plants have more of their megawatts available more of the time as compared to wind. So, the coal plant’s higher capacity factor means the same 100 MW of nameplate capacity translates into many more homes being served from minute to minute and hour to hour than with a similarly rated wind farm.


      Levelized Cost of Electricity (LCOE)


      City-building video games are a fun way to educate and entertain at the same time. Whether you are building a brand spanking new city within the Roman Empire, ruling an ancient Egyptian civilization, or deciding how best to zone a commercial or residential area within a modern metropolis, these games teach you to make tough decisions while taking into account their financial and economic implications. The right decisions lead to happy and content citizens while wrong ones can lead to civic disasters. SimCity is one of the original games of this genre and it teaches the player to incorporate economic considerations into city building whether it is building a road, a new school or adding a power plant.


      Earlier in this chapter we discussed various types of power generation including wind energy, coal, nuclear energy, and even electricity from organic waste. Each power generation technology has its own economics. Typically, the up-front installation costs (also called capital costs) for most renewable energy technologies like wind or solar energy tend to be higher than those for fossil fuel–based power plants. On the other hand, the fuel expenditures and other day-to-day costs of operating renewable power plants tend to be much lower as they tap into nature’s plentiful energy sources to do their job. Fossil fuel plants on the other hand will simply not operate without purchasing sufficient amounts of fuel. Given these differences, it can be challenging to make an apples-to-apples comparison of what the true cost of electricity is from one source versus another.


      Enter the Levelized Cost of Electricity. LCOE is a methodology that incorporates multiple economic characteristics of a power plant and reduces them to a single number, thereby allowing for a fair comparison between various types of power plants. It takes into account both capital costs (up-front cost of installing the power plant) and the day-to-day operating costs (including the cost of purchasing the fuel for the plant), and translates the two into a single value. More broadly, LCOE is a calculation of the cost of the power generation system that includes all of the costs associated with a given power plant over its lifetime, usually twenty to forty years. These costs include the initial up-front investment, fuel purchases, the day-to-day costs of operating and maintaining the plant, and so on. Another way to understand the LCOE is to think of it as the minimum price at which the electricity from the power plant must be sold in order for the entire investment to break even. We discuss levelized cost of electricity in some more detail in Volume 2 where the competition between various new renewable energy technologies is framed by LCOE.


      Battleships, Sailboats, and Speedboats


      See, we told you we weren’t done with the seafaring analogies. But hey, if it works it works, and the title of this section is a useful representation of how the different kinds of generation plants are used.


      As we mentioned earlier, energy is funny stuff and electric power is unique. The supply must be precisely balanced with demand from one moment to the next. Even small deviations, when not managed properly, can quickly cause serious problems for generators, grid equipment, and eventually people. To avoid surprises, electric utilities use a forecast of electricity demand called a load curve to plan and operate their power plants. This is where it is important to understand the operational flexibility of each power plant. Let the boat analogies begin.


      So what is “operational flexibility” and how do the various types of power plants compare? Not all power plants types are alike.


      Like battleships, some power plants pack a big punch but aren’t able to vary their output easily. Nuclear plants and large coal plants come to mind here—they are large and can pump out a tremendous amount of energy once up and running. For all their power, however, the battleships Coal and Nuclear are not nimble, and can’t keep up with zigzagging load (a.k.a. energy demand).


      Combustion turbines can be started and stopped within minutes. They tend to be smaller, and they are very nimble, able to follow the rapid variations in load closely. They are the speedboats of the generation fleet.


      And the sailboats? Well, those would be wind turbines, of course. Like their wind-exploiting counterparts on the high seas, wind turbines are great when there is wind but if you’ve ever gotten stuck out in the middle of a lake on a still day, you know what the drawbacks are. The same analogy can be made with solar power, though perhaps not with the nifty sailboat connection. Like wind turbines, output from PV panels varies with how much sunlight happens to strike the collectors at any given moment.


      All of this variability makes “sailboats” like wind and PV less than reliable in terms of being able to deliver a specific amount of energy at a particular moment in time.


      Solar thermal plants, interestingly, present something of a problem for our tidy boat analogy. Yes, their output depends on how much heat they can collect from the sun, but the heat stored throughout the solar thermal system won’t just go away in an instant. So, you might consider a solar thermal plant to be, well, how about a destroyer—the smallest of the large warships, but not so small as to be used like a speedboat.


      Utilities own natural gas units in various shapes and sizes, ranging from 1 MW to over 500 MW, mainly for their operational flexibility. This is also why gas-fired turbines are used as backup generation for large factories and buildings. Costs of construction of gas-fired plants are also much lower than other types of power generation, and that helps quite a bit when it comes time to build a new one.


      Baseload power plants, then, are the battleships—they’re big, powerful plants that run all twenty-four hours of the day to serve the demand for electricity that is always there. Intermediate plants typically run from mid-morning until the evening, and you might see any number of different sizes and types of generators used for this application, including our “sailboats,” wind and solar PV. Peaking plants—our speedboats—run only during the peak energy consumption hours, typically from early afternoon until early evening. A few might also be run during the day to ramp up and down with small fluctuations in demand.


      Any navy needs a variety of ships to carry out different tasks, and the same is true of the power generation fleet. Utilities and independent power providers rely on a mix of generation resources to ensure that power is available whenever we flip a switch.


      Distributed Generation


      A discussion on the various types of power generation is not complete without an overview of distributed generation. But first, what makes generation “distributed?” The term typically refers to small-scale power generation units that are located very close to the consumers of energy (e.g., rooftop solar).


      Here’s an example of one. We all enjoy music concerts and public events. Whether it is a concert of the band U2 in Hyde Park, London (can you believe they have been around for 30 years!), or a 12-minute serving of the Boss’s best hits during the Super Bowl halftime break, all major music concerts have a supply of power tucked away behind the scenes.


      Distributed generation sets (the generator itself plus some electrical accoutrements) are much larger than your average backup generator for home use. These are essentially small power plants located right behind the office or factory or concert stage that can eliminate the headaches of long-term power outages.7


      Some distributed generators are very quiet and don’t produce much in the way of emissions. They can even be located inside of buildings. Industries that require a very high level of reliability in their power supply will often invest in such systems to avoid the financial catastrophe that an outage represents. These range from computer server farms that run sensitive digital equipment and software (would you want Google, Yahoo, eBay, or Amazon to shut down their websites because of power outages?) to companies that have products sensitive to heating or cooling needs. For example, chicken farms that incubate eggs have a critical need to maintain the right incubation temperature. A prolonged power outage spells disaster for thousands of eggs.


      Another advantage of distributed generation is that they help reduce energy losses that occur over the long distances that electricity has to be transported to get to where it will be consumed. Sprinkling several distributed generators close to homes, offices, and factories where the electricity is required can prevent (or at least delay) the need for new and expensive transmission lines to be built.


      Combined Heat and Power

      (a.k.a. Cogeneration)


      Steam turbine power plants generate a lot of heat. Combined heat and power (CHP) plants are designed to make use of that heat energy that is otherwise tossed away. In a typical coal-fired power plant, 60 to 70 percent of the energy in a lump of coal is lost as waste. Only the remaining fraction of that heat energy (also called thermal energy) is captured for conversion to electricity.


      Waste heat in a CHP plant is most often used in some industrial process that requires significant amounts of heat. This process is also known as cogeneration. Like combined-cycle plants described earlier, CHP captures waste heat and as a result the efficiency of these plants places CHP on par with combined-cycle plants that are run with natural gas.


      The world’s first commercial power plant, Thomas Edison’s Pearl Street Station, was a CHP plant.8 The heat from the boilers was used to heat nearby buildings in addition to generating electricity. Believe it or not, Pearl Street Station ran at around 50 percent efficiency.


      You could also consider geothermal energy as being included under the “CHP” umbrella, provided the steam goes on to a second life in a building (or even city block) heating system after its exciting moment in the turbine. CHP has been around for many years in industrial settings but is attracting renewed interest because of its inherent efficiency in delivering both electricity and heat to a local area.
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      Transmission and Distribution

    


    
      Electric power is one of those fundamental elements of modern society that we tend to take for granted, unless of course it suddenly becomes unavailable. Such was the case on the afternoon of August 14, 2003, when a series of events caused a blackout to sweep across the northeastern United States and parts of Ontario.1 In a matter of minutes, upwards of 50 million people became very much aware of electric power, or the lack of it.


      Most of the time, though, we just expect electricity to be there whenever we plug in our laptop computer, turn on a light switch, or reach for the Ben & Jerry’s in the freezer. But almost no one has their own personal power plant in their backyard, and even folks with solar panels on their roof often get a portion of their electricity from the grid. So how is it that electricity is available in every home, school, office building and factory? How does it get from faraway power plants to where it is used?


      Get ready for an epic journey, because the voyage of an electron from generator to end-use is quite an odyssey.


      The Grid: One Big Circuit


      As you’ll recall from chapter 14, an electrical circuit is a system in which electrical charge (i.e., electrons) move from one atom to another along a conductor, forever seeking to balance positive and negative. The grid is essentially the same thing, just on a much larger scale and with a few interesting wrinkles thrown in.


      For starters, the grid is broken up into two broad categories: transmission and distribution. Understanding how they work is easy if you think of them as roadways for electrons. The transmission system is like the U.S. interstate highway system—big pathways designed to move lots of cars (electrons) over long distances quickly and efficiently. Distribution is more local like the state highways and city streets you drive on to get to your house after exiting the interstate.


      Traveling at the speed of light, electricity produced at a generation plant reaches the lamp next to your bed in a fraction of a second, but if you were to go along for the ride you’d see a wide variety of equipment on a journey of perhaps hundreds of miles, or more.


      In the following sections, we’ll follow an electron as it makes its way on the road trip of a lifetime, from generator to wall socket, across the vast network of electrical highways and backcountry roads that make up our transmission and distribution system.


      Leaving Home: Generation Plant and

      Step-Up Transformer


      Think of yourself as an electron. You’ve had a pretty good life, circling the nucleus of the atom you call home when you start feeling the need to move on. You’re inside a power generation plant, and the voltage of the generator is pushing you to leave your home for the freedom of the open road. You hop to the next atom and another electron soon takes your place, just as you’ve done with the electron in front of you.


      So you’re on your way, but the voltage that is pushing you along as you leave the generator is nowhere close to what you’ll need to get on the interstate highway that is the transmission line. You need an on-ramp so you can merge with the other electrons flowing on the transmission line at high voltage.


      Not to worry. Not far from the power plant, you quickly enter a step-up transformer where you and millions of other electrons on the move are part of a flow of electrical charge that is increased in voltage up to the level of the local transmission line, which might be anywhere from 115,000 volts (115 kV) to as much as 765,000 volts (765 kV). Now you’re ready to cover some serious distance. You merge onto the highway and in a flash you’ve already traveled a few hundred miles.


      Open Road: Transmission Lines


      Now, Mr. or Ms. Electron, as you travel along the transmission line you might notice a few things. For one, you’re pretty high up—the towers that suspend the line are there to keep you and your fellow electrons from jumping to a nearby tree or building, which would be very bad for all the people using electricity in the area, not to mention the tree. There are also insulators that separate the lines from the towers for the same reason.


      In most cases, you’ll be traveling down the line using alternating current but if you’re on a particularly long haul you might be using direct current. Why DC, you say? Wasn’t DC vanquished by the superior AC in the Great War of Currents between Edison and Tesla/Westinghouse?


      Well, thanks to advances in power electronics since Edison’s time, DC transmission is now not only feasible; it is actually better at long-distance transmission than AC in terms of losses. It’s also quite a bit more expensive, mainly because of the converter stations that convert the power from AC to DC and back again at either end of the line. That’s why it’s used mostly for long-haul transmission, like bringing power from dams on the Columbia River down to Los Angeles for example. At that distance, the per-mile cost of constructing DC transmission is lower than its AC equivalent. But let’s stick with AC since it’s what the majority of our transmission system uses.


      Off Ramps and Interchanges: Substations


      As you and your fellow electrons move along the transmission line, sooner or later you’ll come to a substation where your journey will be directed in one of a couple of ways. You might be directed onto another transmission line, perhaps at a lower (but still “high”) voltage level. You might also be sent to another substation to merge onto the smaller roadways of the local utility’s distribution system. An electrical substation is a simply a place where voltage is increased or decreased.


      If high-voltage transmission lines are akin to interstate highways, then substations are the off ramps and interchanges. They serve to control the flow of traffic (electricity) between multiple transmission lines, and they step down the voltage to allow energy to be transported safely closer to the ground and in closer proximity to people.


      As an electron exiting the superhighway, you might pass through more than one substation before the voltage reaches what is considered distribution level, generally less than 69,000 volts (69 kV). You might have noticed that this leaves a bit of a gray area between what is formally considered “transmission” voltage (above 115 kV) and “distribution” voltage (below 69 kV). This middle-ground voltage is sometimes referred to as sub-transmission level.


      In reality, there isn’t much difference between the transmission and sub-transmission levels—the equipment involved all works the same way—but the history of the power grid is such that different power lines were built using different voltages in order to meet the needs at the time at a reasonable cost. Over the years, the need for standardization brought more uniformity to voltage levels, but there is still a certain amount of variation from one place to another.


      Cul-de-Sac: Distribution Transformers


      Now we’re getting close to the end of the line (literally!) for your trip. Once you pass through a substation that brings the voltage down to distribution level, the last major step down comes inside a distribution transformer. These work the same way as the other transformers we’ve discussed, and they are everywhere. You’ve seen them—they’re the gray cylinders at the top of utility poles. (They’re painted to resist corrosion, but we don’t know why gray is the color of choice in transformer fashion.)


      They also appear in the form of metal boxes mounted on cement pads on the ground. This second type are more often used today since distribution lines are increasingly being laid underground, especially in new housing developments. In either case, the electricity coming out of them is at a relatively low voltage, perhaps 4,000 volts, since it doesn’t have far to go—most distribution transformers are designed to serve a fairly small area like a residential street or an apartment building.


      Still, the voltage is much higher than what is required in the home, so on that final leg of the journey, as you (the electron you, not the human you) approach a house, there is one more transformer that brings the voltage down to household levels (240 V or 120 V).


      Tollbooth in the Driveway: The Meter


      Just before entering the house’s electrical system, though, you’ll need to go through a sort of tollbooth, the electric meter. This simple device keeps track of how much electricity flows into the house, and is probably familiar to most everyone. In recent years, though, the old electromechanical meters with spinning dials under a glass dome (they haven’t changed much since their invention in 1888) have begun to be replaced by more modern digital devices that can be read remotely. No more utility meter readers poking around in your backyard or fending off your dog—today’s electronic meters communicate over the power line itself back to the utility, or in some cases might be equipped with a radio transmitter to allow the meter to be read by a utility worker driving by on the street.


      In either case, the meter is the final gateway to the wires inside your home that ultimately bring you (the electron you) to the end of your journey: the humble wall socket. Congratulations!


      How Do Transformers Work?


      If you have young children (and even if you don’t), you might be familiar with a race of benevolent yet battle-ready robots known as Autobots. These courageous souls are in search of the mighty AllSpark, but are dogged by their nemesis, the evil Decepticons. War ensues as both sides vie for control of the AllSpark, and movie ticket and toy sales respond accordingly.
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          Figure 16.1 The electric power system from the power plant to your home. (Doug Jones)

        

      


      A little over a hundred years ago, a similar kind of war ensued. This war was between AC power and DC power and led to the invention of the original transformer (the electrical device, not fictional robot). It is this transformer—the AC variety—that we will explain in this section.


      As you can tell from our quick tour of the transmission and distribution system, transformers play a vital role in the transportation of electric energy. So, how do they actually work?


      We’ve already talked about how an electric current in a wire is created when a magnetic field is nearby. If another conductor is also close enough to the magnetic field and that magnetic field is changing (like it does when alternating current flows back and forth), it too will begin to carry a current.


      Transformers are built around an iron core that has wire wrapped around it on two sides, as shown in figure 16.2. One side, however, has more windings than the other. A step-up transformer at a power plant will have fewer windings on the incoming side, which receives current from the generator. On the outgoing side, there are more windings. A distribution transformer will have the reverse—fewer windings on the outgoing side in order to step the voltage down. In either case, the difference in windings is analogous to the difference in voltage on the incoming and outgoing sides of the transformer.


      Returning to our water-in-a-pipe analogy from chapter 14, you can have the same volume of water delivered with any number of combinations of water pressure and speed of flow. In a step-up transformer, the same amount of power is exiting the “high” side of the transformer as came in from the generator on the “low” side—we’re just trading current (speed of flow) for voltage (water pressure) in order to realize the benefits of transmission at high voltage.


      Regulators, Arrestors, and Breakers, Oh My!


      As we noted earlier, the main reason power isn’t shipped right to your home at hundreds of thousands of volts is because doing so would present a big-time safety hazard, not to mention huge costs to mitigate it. Safety in the distribution system is the number one concern of every electric utility, and there are a number of devices that keep people, equipment and appliances safe. We’ll cover a few of the major ones here: voltage regulators, surge arrestors, circuit breakers and their little cousins, fuses.


      The great thing about all of these devices? They’re named after what they do, and the names even make sense!
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          Figure 16.2 A simple transformer core. (Doug Jones)

        

      


      Voltage regulators are equipment placed strategically on our power grid to maintain the voltage at a constant level. They prevent wild fluctuations in voltage levels that can destroy other equipment and trigger a cascade of events leading to power outages. These voltage regulators, like many other devices in electrical grids, used to be electromechanical. This means that the device has some electrical components like a coil, and some mechanical moving parts like a moving magnetic core. They use magnetism to physically move components.


      The old spinning dial–type meter is probably the most familiar example of an electromechanical device. Voltage regulators use magnetic force from the voltage on a distribution line to move a switch. If the voltage reaches an unsafe level, the resulting force pulls the switch open, stopping the flow of electricity in the line. When the voltage goes down again, a spring pulls the switch back into place. Genius!


      The same function can be accomplished today using electronics as opposed to electromechanical means, just like your digital alarm clock performs the same function as an old wind-up model. The difference is that instead of setting up the voltage regulator to open/close according to how much magnetic force is created by the voltage on the line, the device analyzes the voltage and “decides” what to do based on its programming.


      Circuit breakers, as the name implies, break the electric circuit. They interrupt the flow of electricity through a wire to prevent damage to equipment in the event of a fault. A fault is any abnormal situation in an electrical system in which the electrical current is not flowing where it’s supposed to.


      If, for example, a power line comes into contact with a tree, the current (always looking for a quick way to the ground) could begin flowing from the power line into the tree. Not so good for the tree, but also potentially damaging to the line and other equipment upstream from the fault since now the entire system is funneling power to this newly discovered shortcut, or to be more precise, short circuit.


      It’s the same in your house—if the insulation around a wire breaks down, electricity might jump from the wire to something else in the wall if that something offers a quick route to ground and thus a completed circuit. So, circuit breakers shut off the electricity to that part of the house. If left alone, the fault would quickly create a tremendous amount of heat, melting some materials and setting others on fire. Electrical fires are caused by faults.


      Fuses perform the same function as circuit breakers, but they are a one-time-only solution. They are designed to burn out, literally, in the event of a fault—once the material in the fuse burns away there is nothing left to carry the current. Once that happens, the connection can only be restored by replacing the fuse.


      Circuit breakers are also used to de-energize portions of a power line on purpose in order to allow workers to perform maintenance or restore power after a blackout.


      Surge arrestors approach the same problem of too much voltage in a different way by giving the current somewhere safe to go. The ones you use to protect your sensitive electronic equipment either block the current outright or send it to ground. Surge arrestors used on power lines do the latter.


      Power line towers make tempting targets for lightning, and when a strike hits a power line, a surge of very high voltage begins to move down the line. When it reaches an arrestor, it simply flows down to the ground. Why, then, doesn’t the electricity usually flowing on the line do the same thing? Well, surge arrestors are made of some interesting material that behaves differently depending on the voltage present. Under normal voltage conditions, the arrestor allows the electricity to flow happily by, but in the case of a lightning strike, it changes to conduct the offending surge safely down to the ground. Good thing, because thunderstorms can produce lightning strikes in excess of 100 million volts.


      Keeping It All Under Control: SCADA


      We’ve talked about a few of the major elements of a power system, but of course there are others. Even a modestly sized utility’s network will have thousands of devices all working to maintain the safe, uninterrupted flow of electricity. Keeping track of voltage levels at different points on the grid, the status of equipment like circuit breakers, and many more parameters requires considerable smarts. Indeed, if all of the parts of the transmission and distribution system we’ve covered so far represent a body, then we need a brain to keep it all working properly.


      The central nervous system of any utility is its SCADA system, which stands for “supervisory control and data acquisition.”2 We won’t spend the time here to go into all of the many functions SCADA systems perform—it’s enough to say that this computer system is what the people in the utility control room are looking at all day to keep an eye on the health of the transmission system. SCADA is for the power grid what the Houston Mission Control Center is for NASA.


      AC vs. DC


      As many of you probably know, AC/DC is an Australian rock band formed in 1973 by brothers Malcolm and Angus Young. Angus is the one who wears the schoolboy outfit. Anyway, legend has it that they got the name for their band from the back of a sewing machine owned by their sister, Margaret. In this section, we’ll provide some background on the very same AC and DC power on Margaret’s sewing machine. For advice on how to sell 150 million records using four chords or less, you’ll have to look elsewhere.


      We talked about AC and DC earlier in the context of the developing electric power industry, but what really is the difference? Why do electrons sometimes move continuously in one direction (DC) and other times back and forth (AC)? It’s all about the magnet.


      We’ve seen how a magnetic field can cause electrical charge (i.e., electrons) to begin flowing in a conductor. In the case of DC, the magnetic field is stationary so the atoms simply move from one pole to the other, positive to negative. With AC, however, the magnet is spinning (remember how rotor and stator work in a generator?). The result of this rotation is that sometimes the positive pole is facing one way, and sometimes it faces the other.


      Electrons, as we’ve seen, are easily led and they will follow the direction of the positive pole. So, when the magnet spinning inside a generator is facing one way, the charge flows that way. When the magnet rotates to the opposite position, the charge flows the opposite way. This constant changing of direction is measured in hertz (Hz), which refers to the number of times the flow of electrons changes direction (i.e., one “cycle”) each second.


      Most of the world’s power grids run at 60 Hz or 50 Hz, or in other words the electrons on those systems change direction 60 times a second or 50 times a second, depending on where you are. Japan has both—the eastern part of the country runs at 60 Hz and the western part at 50 Hz. Hertz is really a measure of frequency—how often the current changes direction—and that is another key factor in the care and feeding of any power system. But we digress.


      AC has one major advantage that won the “War of Currents” between Edison and Tesla,3 and that is the ability to change voltage. Electricity flowing over a wire won’t get very far before the resistance in the wire becomes too much to overcome. However, if you increase the voltage of that current, then you boost the amount of energy being transferred at any given moment and it’s easier to overcome the resistance. This becomes vitally important in transmitting power over even moderate distances, and it’s what eventually vanquished Edison’s DC systems in favor of AC.


      When you increase or decrease voltage, the electrical current is being transformed and the device that produces this effect is appropriately called a transformer. They are everywhere, and they come in all shapes and sizes.


      Believe it or not, the electricity coming out of a large generator emerges at relatively low voltage (between about 2,300 volts and 30,000 volts, depending on the size of the power plant). But it soon enters a large transformer where the voltage is increased many times to the level at which the local transmission lines operate. This can be anywhere from 110 kV to 765 kV. At a substation many miles away, another transformer performs the operation in reverse, dropping the voltage down. There might be a few steps down, in fact, before the current reaches your home where it undergoes a final transformation to 120 V.


      You might be wondering, if most electrical appliances operate at 110 V, where that extra ten volts goes. The answer is simple: resistance. The wires in your home have resistance just like the big power lines that bring electricity from distant power plants, and some of the energy coming into your house never makes it to the outlet due to the resistance in the wires.


      
        Fun Fact: Did You Know?


        Nikola Tesla knew a thing or two about showmanship in addition to electricity, and he was known to put on a good show in his public demonstrations. But did you know that David Bowie portrayed Tesla in the 2006 film The Prestige? Tesla spent some time in Colorado Springs tinkering in his lab, and the film extrapolates on this research with disturbing results. Tesla’s time in Colorado Springs was the focus of several scenes in the film, which featured speculations on the explosive power of Tesla’s electrical experiments.

      


      What Is EMF and Why Do People Worry About EMF Exposure from Transmission Lines?


      “EMF” stands for electromagnetic field. These fields are part of our everyday lives and are present around anything that uses or carries electricity, such as appliances, electronics, power lines, and electric wiring.


      Electric fields are created by differences in voltage and the higher the voltage, the stronger the field. In fact, an electric field can exist even when there is no electric current flowing. Magnetic fields, on the other hand, are created only when electric current flows and for them a higher current produces a stronger field.


      Think of electric and magnetic fields as areas of energy that surround any electrical equipment or load. There has been a good deal of research on the health risks associated with EMFs, but nothing conclusive has come of it.4 Some studies indicate a link between EMF exposure and elevated risk of childhood leukemia while others show no correlation.


      Power transmission lines in particular have been cause for concern by the general public because of the amount of energy they carry. Since magnetic fields are not blocked by building walls, an outdoor power line several feet away can add to the EMF inside your home. However, the EMF exposure decreases rapidly with distance from the power line, and so homes that are more than 300 feet away from high voltage transmission lines will not be affected.


      HVDC: High Voltage Direct Current Technology


      As we discussed in earlier sections, high voltage is used in our transmission network to reduce the energy lost in shipping power over long distances. Stepping voltages up and down the way they are on the grid can only be done with alternating current. But some transmission lines use DC power, and much like AC transmission systems, the DC voltages are increased to allow for the power to be shipped over very long distances.


      The ability to change DC voltages in a practical way only became possible with the advent of power electronic devices in the 1930s, and wasn’t commercially introduced until 1954. (Full disclosure: Bob’s employer, ABB, built the world’s first HVDC line in Sweden that year,5 and even though he wasn’t born yet and still isn’t Swedish, he’s very proud of it.)


      DC transmission, as we noted earlier, is still not cost-competitive with AC in most cases. DC is best used in situations where you need to move a lot of power over a long distance without any exit ramps along the way. That’s why there are numerous undersea cables that utilize HVDC technology.


      HVDC is also used to provide a kind of firewall between grids. The U.S. power grid is actually made up of three separate systems: the Eastern Interconnection, the Western Interconnection, and the Texas system (yes, the Lone Star state has its very own power grid). These three grids are asynchronous, meaning they operate independently of one another. They are physically separate systems, except for a handful of tie points that use a so-called back-to-back HVDC system.


      The idea with back-to-back HVDC is simple: by converting the AC power in one grid to DC and then re-converting it back to AC in the neighboring grid, you can share power between the two systems without sharing disturbances. If the entire country were one synchronous AC system, an outage in California, at least in theory, could have repercussions in New York. HVDC connections (back-to-back and otherwise) are also used to link the U.S. systems with grids in Canada and Mexico.


      In the mid-1990s a new flavor of HVDC came on the scene based on a power electronic device called a voltage source converter. The details of how VSC works as compared to traditional HVDC are well beyond the scope of this book, but the new kid on the block has a few important advantages. For starters, the converter stations take up a lot less room, and the cost per mile is lower than the elder HVDC. While commercial installations so far have reached 400 MW in capacity, the technology is capable of transmitting up to 1,200 MW. This is still a far cry from the numbers traditional HVDC has put up. In fact, there is an HVDC line under construction in China right now that upon completion will be not only the longest transmission line (of any kind) in the world, but at 6,400 MW will also deliver the most power.6


      Why Don’t We Put Unsightly Transmission Lines Underground?


      Good question. While lower-voltage distribution lines are often buried underground, it’s pretty unusual for transmission lines to be “undergrounded.” The reasons for this boil down to cost, operational issues, and environmental impacts. A study by the Edison Electric Institute, a utility trade association, concluded that burying transmission lines could drive up electric rates in a given region by 80 to 125 percent. So, the lines might be out of sight, but the cost surely won’t be out of mind.


      Also, while aerial lines are subject to the whims of Mother Nature in ways underground lines are not, if something does go wrong on an underground line it can take weeks to locate and fix the problem. If a tree falls on an overhead line, it’s pretty obvious where to send the repair crew.


      Underground lines aren’t entirely free of environmental impact, either. Typically they are housed in concrete tunnels that in turn require a substantial trench to be dug, which can be disruptive to the local ecosystem. Still, the ever-challenging problem of NIMBYism (Not In My Back Yard) has put a premium on aboveground scenery, and in the process has made underground lines at least worthy of consideration.


      Electricity Around the World


      For all you road warriors out there, this topic must be very familiar to you, especially those who frequently travel abroad. There are two main types of electrical systems used around the world. The Americas and western Japan run on 110–120 volts, at 60 hertz frequency. With a few exceptions, the rest of the world runs on 220–240 volts, at 50 hertz frequency.


      The electrical system frequency is the rate at which alternating current (AC) is transmitted from a power plant to the consumer of electricity. This frequency, also called the utility frequency, is expressed in the number of hertz or cycles per second. This means that the alternating current moves back and forth between the power plant and the electric consumer sixty times a second in 60 Hz systems.


      Many types of equipment rely on the system frequency for its operation. A good example is your electric alarm clock that plugs into the wall socket for its energy needs. Even with a voltage converter, a 60 Hz clock may not work properly if it’s plugged into a 50 Hz system. This is because the electronics inside an alarm clock count the number of cycles of AC power to decide when a second of time has passed.


      An incandescent lamp also relies on the system frequency for proper operation. If the current coming into the bulb is at a lower frequency, the filament will cool in the middle of the cycles and you’ll notice a flicker or a change in the intensity of the light.


      
        Additional Resources on the Web


        The website http://electricaloutlet.org has an excellent listing of the electrical systems in use in most countries of the world. It lists supported voltages as well as system frequencies.
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      Our Electric System

    


    
      The World’s Largest Machine

      (and One Gigantic Industry)


      The power grid as we know it today is a vast, almost incomprehensible collection of generators, transmission lines, distribution networks, and millions of individual pieces of equipment. Spanning millions of square miles, it is in fact one system and as such represents the largest machine ever built. When you think of it that way, it’s amazing just how reliable this big machine is. It’s so reliable that even a small, short-lived disruption is cause for a major news story.


      Now that we’ve had a look at the major components of the grid and have a basic idea of how it works, we can now examine the business of electric power, and the main character in that story is the electric utility company.


      History of the Electric Utility Company


      As we’ve noted earlier, the early days of electric power were dominated by Edison’s DC systems, but as demand grew the advantages of AC transmission took over. Soon, local power companies began springing up all over the U.S., which was far and away the most “electrified” country in the world in the late nineteenth century.


      In fact, in any given city there might be several electricity suppliers in the game, each with its own set of poles and wires. Can you imagine what the visual impact must have been?


      Most customers were businesses or industrial facilities as only the wealthiest families could afford electric light at home, but as time went on there were more and more reasons to get hooked up. Appliances like heaters, vacuum cleaners, and of course the miracle of the home refrigerator all brought with them another use for electricity.


      Still, by the 1920s, the tangle of competing utility wires became overwhelming, not to mention terribly inefficient. As a result, states began to adopt laws that would establish a single utility concession in a given city. This was the birth of the regulated, vertically integrated utility.1 Under this structure, one company would control all of the power generation facilities and all the transmission and distribution equipment, and it would operate everything as a single system. By law, each utility would have a service territory into which no other provider could enter.


      In return for the right to operate as a monopoly, the utility was expected to deliver reliable service to anyone who wanted it at rates that were “just and reasonable,” words that still carry enormous legal baggage today. This was the basis of the so-called regulatory compact that defined the utility business for the better part of eighty years (and still does in much of the country).


      The regulated utilities continued to grow, but were still essentially little electrical islands—much of rural America remained “off the grid” well into the 1930s. One problem with having little islands of electric service was that it rendered any one of them susceptible to outages if any kind of disturbance should arise on the system. Utility companies, though rivals, soon realized the benefit of linking their electrical islands together as an insurance measure. If one utility suffered a disruption in service, backup power could be routed from a neighboring system to avoid a full-on blackout.


      This system worked well, and as more of the country was wired for electricity, eventually utility control areas blanketed the nation. The Rural Electrification Program played a major role in bringing power to the most sparsely populated areas, and some of the country’s biggest power projects were completed under the auspices of the Work Projects Administration (WPA) during the New Deal.2


      By the 1970s, however, the tide of deregulation was beginning to build. In the 1980s, the natural gas industry was introduced to competition. The airline industry and long-distance phone service were similarly opened up to new market entrants, and it wasn’t long before the power industry was in the sights of the deregulation movement.


      In fact, power generation was opened to competition with the passage of the Public Utility Regulatory Policies Act of 1978. PURPA,3 as it became known, was primarily aimed at encouraging renewable energy development by forcing utilities to buy power from renewable sources. However, the law was perhaps just as important as the first step toward a competitive generation business since some of the main beneficiaries were large industrial plants that could now sell electricity from their on-site power plants back to the grid (remember our earlier discussion on distributed generation?).


      By the 1990s, pressure was mounting to deregulate the transmission and distribution portions of the utility industry as well. The Federal Energy Regulatory Commission (FERC) effectively opened the transmission side by issuing an order that forced the owners of transmission lines (i.e., utilities) to make them available to anyone selling power on the wholesale market. The distribution business remained a monopoly in terms of the physical infrastructure, but some states began to allow competition at the retail level as well. California went first in 1996, and several other states followed suit.


      Following California’s 2000–2001 energy “crisis”—which was manufactured by market participants gaming the system—regulators across the country put the brakes on further deregulation and in some cases went back to a regulated utility model. Some states watched the entire process unfold without ever having left the regulated tradition. Today, the U.S. is a patchwork of regulatory structures with some states offering retail customers a choice in their electricity provider and others not.


      Your Electricity Bill


      Regulation also shows up on your electricity bill, so let’s take a quick tour of the statement that your utility sends you every month (we’re guessing you probably haven’t studied it lately).


      The first step is to know whether your state has deregulated its electricity market or not. Let’s first assume that it doesn’t. In this case, you will pay one bundled sum to the local utility. This is because your utility owns the power generators, the transmission lines, the distribution system and even the meter outside your home—everything needed to keep your lights on.


      If, however, electricity deregulation has been introduced in your state, then the government asks your utility to break out the cost of generating the electricity (generation charges) from the transportation of that electricity to your home (transmission and distribution charges). Generation charges are also known as “supply charges,” and they simply represent the cost of producing the electricity. Your utility may also choose to purchase the electricity on the open market in which case the supply charge will reflect what the utility paid to purchase wholesale power it then shipped to your home or office. The transmission and distribution charge is also known as the “delivery charge” as it represents the cost of shipping the electricity over wires from the power plant to your home.


      There are often many numbers shown on electricity bills, but here are a couple to pay close attention to (in addition, of course, to the amount owed):


      Usage: This is the amount of kilowatt-hours (kWh) of electricity that you consumed during the past month and is the number you want to track from month to month or season to season.


      Rate Schedule: Not all customers pay the same amount for one unit of electricity. It varies depending on whether you are a residential customer, a business such as a restaurant or grocery store, or a large factory running machinery and equipment. The bill should indicate what rate you are on and if the rate varies with the amount of electricity you consume. A rate is the amount you pay for consuming one kilowatt-hour of electricity.


      Blackouts and Reliability


      Where were you when the lights went out? is a Doris Day comedy in which the 1965 Northeast blackout provides a tenuous setting for a story about a marital mix-up and mistaken identity. The plot includes a scene where Doris gets into an embarrassing situation by accident after she consumes a sleeping potion.


      Movie critics panned the film, and one even added the 1.5 hours of viewing time to the estimated 4 million person-hours of lost productivity due to the blackout. We’ll refrain from rendering judgment on the movie, but the blackout was indeed a watershed event.


      On November 9, 1965, the lights went out across seven states and the province of Ontario leaving over 25 million people without power for up to twelve hours.4 Ironically, the very system of interconnected grids that the utility industry had relied upon to ensure uninterrupted service became its Achilles’ heel. The electrical islands that previously shared backup power had grown together into a single meshed grid. In addition to sharing emergency power, the interconnection of many utility systems produced a domino effect where a disturbance in one caused a cascade of outages that continued across the continent.


      The Northeast blackout was a wake-up call for the utility industry.5 The system everyone took for granted wasn’t as reliable as previously thought, and something had to be done to—all together now—“make sure this would never happen again.”


      The result was the establishment of ten regional reliability councils to set standards and improve the way neighboring utilities worked with one another. The ten councils were overseen by a master body called the North American Electric Reliability Council, or NERC.6


      Of course, any good lesson is worth learning again, and that’s exactly what happened when another major blackout hit the very same region, this time plunging twice as many people into darkness during the afternoon rush hour on August 14, 2003. Once again, the blackout served as a wakeup call, not only for the industry but this time for government regulators as well.


      The result was the Energy Policy Act of 2005, which among other things created a National Electric Reliability Organization armed with specific requirements for utility system reliability and stiff penalties for non-compliance. No longer would the utility industry be allowed to oversee itself. NERC changed the last word in its name from “Council” to “Corporation” and severed its financial ties to the utilities it would now monitor as a government agency.


      In the years since the introduction of this new regulatory system, blackouts have occurred and they will certainly continue to occur on a localized basis. But, so far at least, we have not suffered a major widespread outage on the order of 2003 or 1965.


      
        Fun Fact: The Northeast Blackout


        The power outage that blanketed the northeastern U.S. in November of 1965 made a few cameo appearances in the entertainment industry in the years immediately following the event, and more recently as well. One episode of Bewitched, aired one year after the blackout, attributed the event to a misplaced spell. The Bee Gees song “Massachusetts” also discusses events of the blackout in its lyrics. The HBO drama Oz referred to the blackout as a sort of reprieve for an inmate who otherwise would have been electrocuted, and Quantum Leap reprised the idea of the outage being triggered by actions caused by characters in the show.

      


      When Grids Get Smart


      There has been an enormous amount of media chatter in recent years about the “smart grid,” but what does this mean exactly? A power system that talks back to engineers? (“I’ll open that switch when I feel like it, utility boy.”) Maybe a grid that got picked on in school for getting good grades?


      It depends on whom you ask, but in general the term “smart grid” refers to the application of information technology and communications across the power system to allow the grid to do more without the involvement of human operators.


      So-called smart meters are probably the most-often cited example of smart grid technology. They not only allow data about your energy consumption to be recorded digitally and sent back to the utility, they can provide information to the consumer as well. For example, a smart meter might be able to receive pricing data from the utility that smart appliances in your home could then reference in determining when to run. Prices high around lunchtime? Maybe your dishwasher holds off running for a few hours.


      The smart grid concept extends well beyond smart meters and in reality there are many more technologies that fall under this umbrella that the average consumer would never see. We won’t get into all of them here, but these are things like advanced monitoring systems that allow transmission lines to be more heavily loaded without sacrificing reliability, automated protection schemes to allow the grid to take corrective action automatically before small problems becomes big ones, and data-sharing systems to allow utilities to better understand what is going on in their neighbors’ network.


      Some of this stuff is truly science fiction made reality. If you thought “phasors” were just ray guns wielded by swaggering starship captains, think again—a device known as a phasor measurement unit is in fact the building block for those advanced monitoring systems we just mentioned.


      There are at this moment many different technologies coming out of the laboratory and into commercial operation as the revolution in computing hardware and software sweeps over the once-sleepy power industry. Given the importance of keeping the lights on, these new gadgets will be introduced slowly, but the grid is poised for a makeover unlike anything in its century-plus history.


      The Future of Electricity


      We’re going to need all of these smart grid technologies, not to mention many others that haven’t had the benefit of so much PR. The world is becoming more interconnected, literally, in the case of electric power systems. The way we use the grid is changing too. The demands being placed on this critical piece of our infrastructure are tremendous, and are only going to grow as time goes on.


      The deregulation of wholesale power markets alone has upended the original conception of resource sharing between utilities. Today, grid connections are not simply used to bring in a few extra megawatts on a hot afternoon. They serve as bustling trade routes for large amounts of electricity being bought and sold across many hundreds of miles. The grid as we know it was never designed to support such a system, but that is nevertheless how it is being used.


      More change is on the way, too, as we bring more renewable energy sources like wind and solar online. Large utility-scale installations present one set of challenges for transmission operators, but your local distribution system also faces challenges in managing the growing number of rooftop solar installations and other on-site power generators (distributed generation units) that are sprouting up all over the country.


      It’s a bit scary, but it’s exciting too—we are in the process of remaking our electric grid to be more efficient, more reliable and better able to support the energy needs of our society, even as we face the stark reality of climate change. And so, dear reader, we urge you to take heart. The future of electricity is unwritten, but the outline looks promising.

    

  


  
    
      V

    


    
      Energy Policy

    


    
      For decades, French ruled as the lingua franca of international relations, largely thanks to its historical influence around the world (thanks, Napoleon!). This continued right up through the First World War. The Treaty of Versailles was written in both French and English. But the British had done a pretty good job of spreading English around too, and by the time America rose to prominence in diplomatic circles English supplanted French in the corridors of international power.


      However, French didn’t leave the diplomatic stage without leaving a few things behind, like for example the term laissez-faire.


      You’re probably familiar with this phrase from economics as roughly translating to “let it be” or a “hands off” economic policy where people are left to do as they wish. Laissez-faire is the essence of the free market. However, there is actually no precise translation for laissez-faire in English and there is no totally free market in the world. Every industry must deal with some degree of governmental oversight—the only question is how much.


      The energy industry is subject to a staggering array of laws, regulations, and even international treaties, though we’ll focus here mostly on the home front. These many rules were put in place over a long period of time and for a wide variety of reasons. The ones we hear the most about these days have to do with environmental protections and controls over energy markets, so that’s what we’ll concentrate on in this part.


      Many, if not most, of the questions that come up in the realm of energy policy are subjects of debate (if they weren’t, we probably wouldn’t need all those laws, regulations, and treaties). But we’ll do our best to leave the judgments to you.

    

  


  
    


    
      
        18

      


      
        Energy Policy at Home and Abroad

      

    


    You’d have to be Rumpelstiltskin1 not to have noticed how energy issues have become more and more visible in recent years. Even if the only contact you have with the energy world are your utility bill and the gasoline in your tank, that’s plenty to make you aware of the massive writhing beast that is energy policy.


    Four-dollar gas, rolling blackouts, big-ticket bankruptcies at major energy firms, lawsuits over power plant emissions—all of these headaches are rooted, for better or worse, in energy policy. By that we mean not just the laws, regulations, and treaties that govern the energy world but the rationale behind them. Energy policy represents how we as a society view energy and it expresses the goals we have regarding it.


    That’s a pretty big canvas, no doubt, and this is a pretty big chapter. Throughout this book, we’ve tried to stay out of the weeds as best we can, but there comes a point where you have to talk about the weeds themselves. We’ll try to do that without getting stuck in the mud.


    The Role of the Government in Our Economy


    The most fundamental question in any policy discussion is what role the government should play, if any, with regard to how we produce, buy, sell, transport, and use energy. On this topic, you’ll find a very broad range of opinion, usually tied to the political philosophy of the person you happen to be talking to.


    The U.S. is, generally speaking, more relaxed with regard to governmental involvement in business matters. Sure, we have our share of regulation but compared to our friends in Europe, our government walks in that field with a fairly light step. The World Bank in 2007 ranked the U.S. behind only Singapore and New Zealand in ease of doing business.2


    Some areas where we do expect government to get involved include safeguarding people from hazards at work, protecting consumers from fraud and corrupt businesses, and ensuring the safety of the food supply. Businesses like energy companies also rely on the government to maintain a level playing field in their markets, operate a court system to resolve disputes, and provide clear rules for doing business.3


    So, in the energy world, what kind of government involvement have we chosen to have? Looking back over the last hundred years or so, the best one-word answer might be, “increasing.” While this may seem obvious, you might be surprised at how many of the most recognizable examples of our current energy policy simply did not exist a short time ago.


    The Environmental Protection Agency, for example, was created less than forty years ago, and the Department of Energy itself only came into being in 1977. When you consider how long the energy business operated without these entities, you begin to realize how young much of our energy policy is.


    It’s important to understand, too, that energy policy is not just about environmental protections or other restraints on business. Quite the opposite—some of the most controversial policy measures are associated with government’s attempt to encourage rather than restrain. Tax credits for renewable energy, for example, are always good for starting a debate. Or try government loan guarantees for building nuclear plants—always a great topic for making friends at a party.


    “Policy,” then, is made up of a wide variety of incentives and disincentives that government puts into place through laws and regulations to achieve some stated purpose. Usually it’s supposed to make us collectively better off. How good a job of that our energy policy does is, of course, a matter of opinion.


    The Impact of Government Legislation: Three Energy Examples


    OK, enough with the big picture stuff—time to dig into some specifics. And just to make it interesting, we’ll start with a law you’ve probably never heard of: the McMahon Act. It’s better known as the Atomic Energy Act, but “better known” is a relative term. The law went into effect at the beginning of 1947, and it pretty much defined how nuclear energy would be developed in the U.S. going forward.


    After World War II, the arm of the government with the most applied expertise with nuclear devices was the military. With the cessation of hostilities, thoughts turned to more peaceful applications of nuclear energy, but the question was bound to come up: who’s going to have control over this extraordinary technology?


    Connecticut Senator Brien McMahon, then chair of a special committee on atomic energy, advocated for civilian control, and the act that bears his name put America’s nuclear know-how in the hands of a new agency, the Atomic Energy Commission.4 The AEC would have sole responsibility for developing the technology, regardless of whether it was used to make bombs or electricity. The act also made it a crime to share information on atomic energy with any other nation, including even America’s closest allies.


    The AEC ruled over all things nuclear for a few years until 1954 when the construction of commercial reactors was opened up to private industry through a revision to the Atomic Energy Act. This opened the floodgates of nuclear power, and by the 1960s the AEC was running hard to keep up with all the projects it was charged with overseeing. It wasn’t long, though, before other issues began to surface.


    The AEC, for example, had a conflict of interest built into its mandate.5 As a civil regulator, it was concerned mainly with the safe and effective development of nuclear power. It was also, however, directly responsible for the decidedly uncivil application of nuclear energy in the form of weapons. Congress moved to address this in 1974 by splitting up the military and civilian duties of the AEC. In place of one agency, there would be two: the Nuclear Regulatory Commission would focus on civilian use while the Energy Research and Development Administration would concentrate on weapons production.


    In a final twist, the military side actually got a bit closer to the civilian in 1977 when the ERDA was folded into the newly created Department of Energy. The fuzzy line between nuclear power and nuclear weapons (and we’re just talking about how they’re administered as government activities) persists to this day. One of the most contentious aspects about the intelligence gathered on Iraq’s nuclear capabilities in the run-up to the 2003 invasion came down to a disagreement about the nature of some now-infamous aluminum tubes. Military analysts were convinced they were intended for uranium enrichment, but Department of Energy officials believed they were not suited to this purpose and in fact were simply the bodies of conventional missiles.


    By the late 1960s, environmentalism in America had become a bona fide movement. With groups like the Sierra Club gaining in visibility and the publication of seminal works like Rachel Carson’s book Silent Spring, environmental issues moved from the political fringe toward the center. The end of the decade saw the passage of what has become the cornerstone of U.S. environmental policy, the National Environmental Policy Act or NEPA.


    Richard Nixon signed NEPA into law on January 1, 1970, and in doing so created the EPA to administer a sweeping set of regulations.6 These ranged from limits on known pollutants like sulfur dioxide and ozone to requirements for environmental impact studies to be done on proposed federal construction projects. Power plants were just one of the many businesses affected.


    The ink was barely dry on NEPA before more legislation was appended to it. Standards for clean air and water were added in 1970 and 1972, with one of the major provisions being that states now had to submit plans to EPA on how they would achieve the new tougher standards. Suddenly, you had to get a permit to release pollution into surface water like lakes and rivers.


    The Clean Air Act of 1970 added on to NEPA with stringent regulations on air pollution.7 These rules provided the impetus for the development of the catalytic converter—now a required item on all new cars—and other technologies. Automobile-related emissions dropped significantly after this, as anyone who was living in a major city in the 1970s can tell you.


    Between NEPA and its legislative siblings, there are probably enough regulations that apply just to the energy industry to reach from coast to coast if you put the pages one next to the other. We haven’t actually worked this out, but it seems more than plausible. But to take just one provision as an example, we’ll look at how the Clean Air Act impacted power plants through something known as “new source review.”


    NSR,8 as it’s known, was introduced in 1977 as one of the many amendments to the many Clean Air Acts Congress has passed. It sets out requirements that existing power plants must meet in order for their generating capacity to be expanded. Basically, NSR says that if you want to expand the capacity of your coal plant, you have to apply the “best available” technology to mitigate emissions of regulated pollutants like sulfur dioxide and nitrogen oxide, particulate matter, and so on. For new plants, NSR requires that they be built using those same “best available” technologies.


    NSR was conceived as a way to preserve areas with good air quality while improving or at least holding steady in areas with bad air quality. EPA has the authority to place limits on emissions from specific industries, and utilities are included in that group. NSR was the mechanism for ensuring those limits were being met. It was intended to speed the adoption of better pollution control technologies, and it was assumed that older power plants would simply be retired due to the cost of upgrading them. That was before energy prices started their long, steady upward march.


    In practice, NSR has become a legal fault line, in part because of the fact that old coal-fired power plants have remained profitable even in the face of regulation. The problem keeping the lawyers busy has to do with defining what constitutes “expansion” of a given plant’s capacity, and what constitutes the “best available” technology for controlling emissions.


    Power companies, especially those with significant coal operations, have gone toe-to-toe with the EPA over these questions for years. As recently as 2008, an Indianapolis jury found Duke Energy had violated the terms of NSR by changing one of its plants without the required permits and/or the required pollution controls.


    Ironically, part of the issue with NSR is technology itself. Simply replacing old components with new ones often increases a power plant’s output simply because the new gear is so much more effective than the old. But does this equate to “expanded capacity?” That’s precisely the question that courts have had to answer in lawsuits based on NSR.


    Government Subsidies


    For a full twelve to eighteen months, the U.S. economy showed little signs of significant improvement after its implosion in early 2008. Credit was hard to come by, despite interest rates slinking along at historically low levels. In this environment, students and recent graduates struggling to make ends meet found themselves paying a visit to that favorite alternative lender, the Bank of Mom and Dad.


    In some ways, energy subsidies are much like these intra-family loans. Fledgling technologies like wind power or cellulosic ethanol just starting out in life sometimes get help from the government until they can make a go of it on their own. Funding for such subsidies can take the form of direct cash grants, matching funds for certain kinds of investments, tax credits, and low-interest loans. These approaches each have their uses, but they all add up to the same thing. As the Energy Information Administration’s website puts it, “a subsidy is a transfer of economic resources by a government to the buyer or seller of a good or service that has the effect of reducing the price paid, increasing the price received, or reducing the cost of production of the good or service.”9 We couldn’t have said it better ourselves.


    In actuality, subsidies are not limited to recently developed or commercialized technologies like wind and ethanol. In fact, every major energy source gets some level of subsidy from the U.S. government in one form or another. Fossil fuel industries get subsidies for things like cleaner formulations of gasoline or processes that reduce the emissions from coal going into a power plant.


    Types of Subsidies


    Government subsidies fall into two broad categories, direct and indirect. Direct subsidies are the most straightforward—the government basically writes a check, and you’re done. The transfer of money might be a bit more complicated than that, but it amounts to the same thing.


    Some of the most prominent direct energy subsidies include tax credits for the production of wind power, investment tax credits for solar, and something known as VEETC10 (the Volumetric Ethanol Excise Tax Credit—say that three times fast), which provides for $.51 in tax credits for every gallon of ethanol blended into gasoline.
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        Figure 18.1 U.S. energy subsidies by type.

        (Energy Information Administration)

      

    


    Indirect subsidies come in a wider variety of flavors, and don’t involve direct transfers of money from the government to private groups. However, they still have value. For example, the government might use its considerable credit resources to underwrite below-market rate loans for certain projects (e.g., the Trans-Alaska Pipeline System). It might also provide some kind of insurance protection against liability (e.g., for nuclear power plants), or fund research and development activities at government agencies.


    This last category gets a little dicey since the funding might actually go to a private enterprise working with the Department of Energy, for example. The distinction here is that the money paid out is not intended to have an impact immediately. It’s more like an investment, “venture capital” for a particular project whose benefits will extend well beyond the company’s making commercial use of the research. For that reason, while R&D expenditures do involve cash payments, they aren’t considered direct subsidies.


    Should Certain Fuels and Energy Technologies Continue to Receive Federal Subsidies or Be Forced to Stand on Their Own Two Feet?


    Ready for another round of Policy Deathmatch? In this corner, fighting out of a laissez-faire view of capitalism: the free market. And in this corner, fighting out of a governmental obligation to provide the best for its citizens: market intervention. These two titans have met in the halls of Congress, the UN, and perhaps even your family’s dinner table, and you need look no further than energy policy to find plenty of battlegrounds.


    Energy subsidies have doubled in the U.S. just in the last ten years, with the federal government shelling out approximately $16.6 billion in 2007 alone. That money went to a wide range of subsidies, both direct and indirect, for an even wider range of projects, but it was dwarfed by the more than $32 billion set aside by the American Recovery and Reinvestment Act of 2009, better known as the stimulus package.11 Returning to our child-leaving-the-nest analogy, let’s have a look at three views on energy subsidies.


    Case #1: The Doting Parent. Sammy Solar and his sister, Wendy Wind, have finally struck out on their own into the open market for energy. They spent a long time gestating in the womb of R&D labs, and a considerable amount of time being raised in small demonstration projects. They’ve come a long way. Their respective technologies have been advanced on almost every front from materials to system design, but they’re still not quite competitive on price with the big kids on the block, coal and natural gas. Wendy is a bit better off in this sense—she’s even beat out natural gas in certain instances—but Sammy is still a good deal more expensive even on his best day.


    So, in order to give these kids a foothold in the market and start them toward the economies of scale that will bring their costs down, the government dotes on them with tax credits. Both Wendy and Sammy get a production tax credit under which anyone producing power using wind or solar will get a kickback from the government; Sammy gets an additional investment tax credit under which owners of rooftop solar systems can get a tax credit up-front as soon as the system goes into service.


    Advocates of this approach point to the advantages the big players enjoy through their established place in the market (economies of scale, widespread use of their technology, public acceptance) and say that the government must help new technologies because they will not be able to compete on their own. They say the existing energy sources all get their share of government largesse, and if we want to cut our CO2 emissions and reduce pollution, we need to spend some on the next generation to build a market for alternative sources.


    Case #2: Sibling Rivalry. Times are tough, and there ain’t enough to go around. Under this view, Mom and Dad (a.k.a. the federal government) are going to have to make some hard choices. Nat Gas and Cliff Coal are both adults and they’re still getting an allowance. Meanwhile, Wendy and Sammy are both struggling. Given the family’s limited resources, Nat and Cliff are off the dole to make room for Wendy and Sam (who’s getting older and wants to use the grownup version of his name).


    Advocates of this approach want to see renewables get even more than they do now while fossil fuels get less. Working both sides of the scale, they hope to expedite the shift from one to the other by making fossil fuels more expensive in the marketplace while simultaneously bringing the cost of renewable energy down. But, is this either-or model really necessary? Given our reliance on fossil fuels, can we make a more gradual transition?


    Answering those questions comes with a raft of policy implications, but this is indeed where the rubber hits the road—trying to strike a balance in subsidies between various energy technologies.


    Case #3: Tough Love. Sam, Wendy, Nat, and Cliff are a bunch of whiners. When old Uncle Fred Fire got started, he didn’t have government handouts to rely on. The only subsidy he ever got was when a lightning strike gave him a chance to help out a local group of cave people. Subsidies are for wimps, or to paraphrase Seinfeld, “no subsidy for you!”


    Advocates of this approach view all subsidies as an interference with the free market, and nothing (almost) should interfere with the interaction of supply and demand, period. Subsidies also cost a lot of money that rightfully belongs to the people and enterprises that earn it. On top of all that, the handouts don’t even appear to be working to expand domestic production of energy. Between 1999 and 2007, the price of energy across all sources rose by 80 percent while consumption increased by 5 percent. Yet the U.S. produced about the same amount of energy in 1999 as it did in 2007. So much for subsidies. Bah, humbug!


    OK, in all fairness, this is a purist’s position and is probably held by a very small number of, uh, purists. Still, it’s worth noting that data nugget about prices and production. Subsidies do cost money, and it’s only reasonable to ask what we’re actually getting for them.


    Production Tax Credits (PTC) and Investment Tax Credits (ITC)


    These are some of the most visible subsidies for energy. As noted above, the PTC12 is paid out to owners of wind farms, solar power installations and other designated renewable energy systems (e.g., geothermal, biomass). The only catch is that they only receive the tax credit of $.021 per kilowatt-hour on the energy they actually produce. Other technologies get a reduced tax credit of $.01 per kWh (e.g., landfill gas, municipal solid waste). In both cases, the tax credit is available for the first ten years of the system’s operation.


    The ITC13 works a bit differently in that it is paid out as soon as the given system starts producing energy. Previously it was available only to residential and commercial sites, but the 2008 Emergency Economic Stabilization Act allowed utilities to get in on the action as well. The ITC will cover up to 30 percent of the cost of a new solar installation and does so by offsetting the owner’s income tax for the year in which the system begins operation. The 2008 Act extends this program to 2016.


    All Aboard the PTC Roller Coaster!


    Tax credits for renewable energy make for some fierce battles in Congress, with the result being an energy policy that is as intermittent as the wind itself. First passed in 1992, the PTC was originally slated to be discontinued seven years later, and did so in June 1999. In what would become a familiar political two-step, the wind industry lobbied for a reinstatement of the PTC and got it later that year—a two-year extension that took it to the end of 2001. Congress allowed the PTC to expire two more times—in 2001 and again in 2003—and each time eventually came back to the issue and passed another PTC.


    The result of this on-off cycle of subsidies was a boom and bust cycle of development in wind power and the other technologies that qualified for the PTC (we’re focused on wind here since it’s the most cost-competitive renewable energy source and gets the lion’s share of PTC money).


    When the PTC appears to be coming to an end, developers rush to complete existing projects and get them into production so they will qualify for the tax credit. Meanwhile the number of new projects drops precipitously, and during a PTC dry spell, developers seemingly go into hibernation. Then, when Congress moves to reinstate the tax credit, development activity ramps up again.


    This kind of cycle is not at all good for business. It has kept a lid on the number of wind industry suppliers willing to set up shop in the U.S. and limited the commitment of those who have. Markets abhor uncertainty, and the drama of the PTC has created plenty of uncertainty over the last ten years or so.


    Even now, the PTC for wind is set to expire once again at the end of 2012 and for other qualifying sources at the end of 2013. However, given the level of attention energy policy is getting these days both in Congress and the Obama administration, we’re willing to bet some new energy legislation will address these two items before those deadlines arrive.


    Dude, Where’s My Bailout Money?


    The American Recovery and Reinvestment Act of 2009, known in policy circles by the acronym ARRA14 and simply as “the Stimulus Package” to most everyone else, has something for everyone it seems. Hundreds upon hundreds of billions of dollars are available for all sorts of things, energy projects among them. ARRA extended the PTC and ITC for renewable energy, but it also introduced something new, grants from the Treasury that can be taken in place of the tax credits. Projects using wind, solar, biomass, geothermal and other qualifying technologies can now get up to 30 percent of the value of the “property” (i.e., the equipment and everything needed to actually make power) in cash. There’s also a second-class grant of 10 percent available to other renewable sources.


    Grants and tax credits may seem like pretty much the same thing, a kind of “pay me now or pay me later” scenario. However, the one catch with a tax credit is that you have to have enough of a tax liability to make getting a credit against it mean anything. Many wind projects, especially early ones or those in areas with good but not great wind resources, simply didn’t make enough money for the owners to realize the full benefit of the PTC. They could have their tax bill cut to zero and still effectively leave money on the table.


    This is one of the main reasons why the people who build wind farms—and especially the people who own the land they sit on—don’t end up owning and operating them. They simply don’t pay enough in taxes to get the full benefit of the tax credit.


    Grants solve this problem by making the money available outside the tax system. So, if you’re a small wind developer, you might actually hold onto that 50 MW wind farm in Texas you’re working on rather than sell it as soon as the turbines start spinning because you can get some serious money from Uncle Sam. That might be useful for financing your next project. That’s the idea, at least. By making subsidies available through grants, the government has opened up renewable energy development to a much wider group of potential players.


    
      Additional Resources on the Web


      To get a detailed listing of additional tax breaks offered by the federal government as part of the Emergency Economic Stabilization Act of 2008, visit www.energy.gov/additionaltaxbreaks.htm.

    


    Renewable Portfolio Standards (RPS)


    If subsidies are the carrots in energy policy, then the concept of the RPS is the stick. At the time of writing, twenty-seven states and the District of Columbia had enacted laws requiring the utilities operating within their borders to produce a certain amount of their electricity from renewable sources, which is about the only common factor among them. The details of RPS,15 also known as renewable energy standards (RES), vary from one state to the next, and in a variety of ways. Heck, they’re even called by different names.


    The basic idea, though, is simple. By a certain time, utilities in the given state must either generate or acquire power from renewable sources equal to a certain percentage of their overall sales. The timeframes, percentages and what qualifies as “renewable” are all variables that change from one state to the next, but the objective is the same.


    Interestingly, while there has been some discussion of a national RPS, the uneven distribution of wind and solar resources in the U.S. has created something of a civil war within energy policy. Places like the plains states that are blessed with abundant wind or the Southwest with its ample sunshine are generally supportive of adopting a single standard for the nation. It would certainly be easier to manage for the power industry. However, in areas like the Southeast where renewables are harder to come by (not much good wind and not enough sun), such standards smack of an intrusion on states’ rights, to say nothing of high utility bills.


    Indeed, it’s no coincidence that figure 18.2 shows a concentration of non-RPS states in the southeastern part of the country. If the utilities in those states have to get, say, 20 percent of their power from renewable sources, aside perhaps from offshore wind farms, they’d probably have to get most of it through contracts with out-of-state suppliers. Oh, and did we mention that the U.S. has yet to build an offshore wind farm?


    Meeting even a modest RPS in the South would mean much higher transmission costs, more transmission lines, and higher prices for everyone in the region. It’s easy to advocate for more stringent energy policy if you’re sitting in the middle of a Class 7 wind resource (that’s as good as it gets for wind power), but if all you have is lots of coal and gas, you might take a different view.
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        Figure 18.2 States with renewable portfolio standards.

        (Database of State Incentives for Renewables and Efficiency)

      

    


    States with low power costs are likewise not eager to see their renewable resources—hydro, for example—being shipped to other states trying to meet an RPS. The Pacific Northwest is home to an enormous amount of cheap, clean hydropower and if there were enough of an incentive (i.e., less fortunate states begging for RPS-compliant electricity and willing to pay for it), utilities might start building more transmission lines to export it. That would drive up the price for the locals.


    Finally, there is also a great deal of variation between the different state RPS programs in terms of how much renewable power will be brought online and how soon. The percentage-of-sales number ranges anywhere from 4 to 25 percent and the time horizon for meeting the standards ranges from 2009 to 2025.


    Clearly, RPS is not a one-size-fits-all proposition, but that is essentially what a national RPS would be, at least on its face. Some provisions might be made to ease the transition for areas with limited renewable resources, but it would certainly remove some of the price differences between regions, and probably not for the better. On the plus side, a single policy for the entire country would make investing in renewables and the power grid generally that much easier for utilities and others who currently must navigate fifty separate state rules.


    The Pickens Plan


    T. Boone Pickens is an oil man. Now in his eighties, the founder of Mesa Petroleum has made billions in the hydrocarbon business and his firm has grown to be one of the largest independent exploration and production companies in the U.S. In July of 2008, Pickens unveiled an entirely new strategy for energy development focused mainly on a massive build-out of wind power and the transmission infrastructure needed to support it.


    The media loves a good turnabout story, and surely this was one for the ages. Oil tycoon goes green! The Pickens Plan called for replacing natural gas-fired power generation with wind (that’s 22 percent of all electricity produced), freeing up the cleaner-burning fuel to displace oil for use in automobiles.16 Ambitious? You bet. But altruistic, Pickens is not. Critics of his plan point to his substantial investments in wind and say he’s simply serving his own interests.


    Ultimately, the market took much of the, er, wind out of Pickens’s sails. He announced his plan amid the run-up in oil prices that produced $4 per gallon gasoline, but interest slackened considerably when prices at the pump retreated to below $2.50. Still, it was a good story, wasn’t it?


    Oil Royalties


    Prior to the subject coming up amid skyrocketing oil prices in 2007–2008, it’s likely not many people were aware that the U.S. government gets a cut of every dollar’s worth of oil that comes out of the ground in the nation. In fact, these payments have been in place for many years, though not even government auditors paid very close attention to them until a controversy erupted over oil companies shorting the government to the tune of nearly a billion dollars.17


    But politics aside, yes, oil companies pay the government a price to drill on public lands and in U.S. waters. Those payments, known as royalties, run between 12.5 and 16.7 percent of the resulting oil revenue depending on the particulars of the given contract. The Department of Interior is responsible for collecting these payments, and it takes in around $1.1 billion annually. That’s relatively small potatoes compared to how much the federal government gives out in energy-related subsidies, and indeed it’s on the low end of the spectrum compared to the cuts taken by other oil-producing nations.


    The state of Alaska has a particularly populist royalties program in which every single resident of the state gets a direct payment from the state government for their share of the oil royalties collected that year. Something tells us our national oil royalties program might get a bit more visibility if the Department of the Interior started writing checks to citizens.


    U.S. Energy Policy Abroad


    So far we’ve focused our discussion of energy policy on the domestic front, what happens within the borders of the U.S. Of course, decisions made here have an impact in other parts of the world. Also, U.S. energy policy does have an international component. Our rejection of the Kyoto Protocol on global warming, for example, was a controversial example of international energy policy.


    Given how vitally important energy is, it’s not surprising that energy issues tend to carry diplomatic and even strategic implications. You can’t really complain about one country asking for a bigger cut of the revenue generated from its oil reserves, for example, if it’s only keeping pace with other producing nations. And how about imposing a tax on sugar imports to keep domestic ethanol manufacturers from being undercut by cheaper technologies? Yep, we’ve done that.


    Things get really complicated when you throw nuclear energy into the mix. Now you have all the makings for a proper international dust-up: big-ticket issues like energy, public health, national security, and just plain old politics all mixed together in a swirling vortex of hurt feelings.


    We kid, but if you can find another single issue that covers these same bases, we’ll gladly buy the next round.


    The Nuclear Deal with India: Good Energy Policy or Bad Idea?


    In 2008, the United States signed a remarkable agreement with India regarding the latter’s nuclear ambitions. Despite not being a party to the Nuclear Non-Proliferation Treaty, India would be allowed to buy U.S. nuclear technology and fuel.


    This was no small thing since every single nation on earth who wanted to get similar treatment had to abide by the terms of the NPT. India was granted an exception to this rule by the Nuclear Suppliers Group, a collection of forty-five member nations that was formed, ironically enough, following a nuclear weapons test in India in 1974. The NSG’s mission was and is to control the spread of nuclear weapons by managing the trade in nuclear technology and fissionable materials (e.g., uranium, plutonium). The U.S. also had to modify its own laws to make way for the export of nuclear technology to India.


    In return for all this special consideration, India agreed to separate its military and civil nuclear programs and open the latter to full oversight by the International Atomic Energy Agency.18 India also agreed not to share sensitive information with others and to continue its voluntary moratorium on testing nuclear weapons.


    As you might expect, reactions to the deal ran the gamut.19 Advocates were happy that the second most populous nation on earth, with a booming economy to boot, would now have access to something other than coal to meet its growing energy needs. Critics point out the slippery slope created by allowing one nation to skirt the NPT and still enjoy the benefits of nuclear development, both civil and military.


    What’s your take?


    Bringing It All Together: A Comprehensive National Energy Policy


    If it seems like we’ve skipped around to a rather random assortment of topics in our discussion of energy policy, that’s because we have. But hey, it’s not our fault! Despite the increasing importance and political visibility of energy issues, the U.S. still has a rather fragmented approach to the subject.


    In some areas, like renewable portfolio standards, there is no national policy at all and in other areas, like ethanol production, there’s a significant set of national incentives and subsidies. In yet others, what policy there is has more to do with history than with current needs.


    A few things seem fairly certain to us at this stage in the game. First, price volatility (wild unpredictable swings up or down) for energy of all kinds but especially oil and gas are here to stay. In 2008 and for most of 2009, we were in the middle of the worst economic slowdown in six decades and still the price of crude was bouncing around between $60 and $70 a barrel. Expect that to look cheap when the global economy picks up again.


    Second, the realities of global warming and climate change are going to force our hand, and that means lots of new regulation and probably higher costs as well as we grapple with the challenge of reducing greenhouse gas emissions.


    Third, our energy infrastructure here in the U.S. is in need of an upgrade. This is especially true of our electric power systems. Regardless of what kind of energy policy we come up with, massive amounts of investment in transmission, new sources of supply, and better efficiency will be required.


    Those are just the headlines. By now you’ve probably developed an appreciation for how far-reaching energy is and how it has an effect on virtually every other aspect of modern life. Meeting the challenges we just outlined is going to require a more holistic approach than our policymakers are accustomed to using. Oil royalties, for example, don’t exist in a vacuum. Decisions regarding them will by definition have an impact on the oil industry as a whole, and thus on energy as a whole.


    Our energy policy going forward, then, will have to integrate many areas that historically have been addressed in isolation. It’s going to be one heck of a job. We’re looking forward to seeing what comes out of it, though we don’t envy those who are charged with putting it all together.
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      Energy Market Regulation

    


    
      We can forgive you if you started reading this chapter thinking it would be the most boring one in the book. Government policy in any field tends to be pretty dry stuff, but what we tend to forget is that behind every paragraph and sub-paragraph there is a real-life story, something that forced the issue.


      Energy policy is no different, and has a healthy share of public outcry, regulatory standoffs, court battles, and even the occasional personal drama. Several of these prompted Congress to add new layers to the legal sediment.


      Take for example the Arab oil embargo. Seeing just how dependent the country was on oil imported from a less-than-friendly region, Congress passed the Energy Policy and Conservation Act of 1975. More recently, the Sarbanes-Oxley Act1 was passed as a direct result of the collapse of Enron and other corporate heavyweights in the wake of some truly amazing accounting shenanigans. As we’ll see, this kind of rulemaking after bad acts is common in the world of regulation.


      What Is Regulation?


      Picture a playground—kids romping around the jungle gym, swinging on the swings, building important mounds in the sandbox. The playground is the market, and each kid is a player in that market. And the parents, well they’re the regulators. There are rules each player must adhere to (e.g., one child on a swing at a time), and if all goes well, the parents probably don’t have to get involved. Occasionally, though, if one player gets a bit out of line (e.g., trying to take over the sandbox for himself), a parent will step in to correct the situation. Regulation isn’t too far from this playground analogy. Essentially it boils down to establishing a set of rules that are imposed to protect buyers and sellers alike from unwanted practices, and providing enforcement mechanisms to deal with unruly players.


      Overview of Energy Regulation


      Warning: You are wading into one of the most fundamental rifts in American political discourse. The relative merits of regulation and the forms it takes are the subject of a debate that has gone on for centuries. Where you come down on the issue has a lot to do with where you started off ideologically. It’s kind of like the Yoko Ono question—if you’re a fan of hers, then you’re more likely to reject the notion that she “broke up the Beatles.” If you can’t stand her work, you might be more inclined to side with the opposite opinion.


      Outside of philosophy classes, though, most people agree on the need for some level of regulation. Predatory pricing, unsafe working conditions, backroom dealing—we’ll go out on a limb and say that you’ll agree these are undesirable things that regulation can and should address. But what about gasoline prices—should they be regulated? You might say no, but how about the chemical content of gasoline, in particular the presence of additives like MTBE that have been shown to pollute water supplies?


      These questions represent just the beginning of the regulation challenge.


      Energy markets have been regulated for many years. In fact, the regulation of the oil market is one of the most notorious chapters in American business history. In the early days of the oil business, Standard Oil engaged in all sorts of tactics designed to put their competitors out of business. At one point, the company controlled 88 percent of the nation’s oil, but it wasn’t to last. Unchecked monopolies rarely serve their customers’ interests, and the prevention of these unchecked monopolies from being formed is one major goal of regulation.


      Why Are Some Parts of the Energy Industry Regulated While Others Are Not?


      That’s a good question. In the energy world, it often comes down to whether a particular business lends itself to being a so-called natural monopoly. And what exactly makes a monopoly “natural”? The term refers to certain industries where a combination of economies of scale and high cost of entering the market results in a single supplier for the entire market.


      Remember our discussion of the early days of the power industry in Part IV? There were, for a time, multiple providers of electricity in a single city, each with its own delivery network. Aside from covering the streets in a canopy of wires, this arrangement also made it very difficult for the utilities to make money and caused prices at the retail level to be higher than they would have been under a single provider. Due to the high cost of starting up a utility, and the low cost of serving an additional customer, a single utility could thus serve a city less expensively than several competing utilities could.


      Enter regulation. Today, most of us are served by a single power utility (and even if we have a choice of providers, it’s still one company’s wires that bring the electricity to our homes). That utility is closely monitored by regulators at the state and federal level, and must essentially ask permission every time it wants to raise rates. As cumbersome as this process is, it beats the alternative.


      The same scenario has played out in other industries that also have very high barriers to entry. Water, sewage treatment, cable TV—it generally doesn’t make economic sense to have more than one provider for any of these services in a single area. In exchange for the right to operate as the sole provider of the given service, companies in these businesses give up the right to set prices as they wish. They are allowed to earn a return on their investments, but to use a phrase that appears often in regulation law, the rates they charge must be “just and reasonable.”


      Why Isn’t Gasoline Regulated?


      In a nutshell, gasoline is not a natural monopoly. There is room enough in the petrol market for multiple players to compete with one another, and they do. You probably know of several intersections in your own neighborhood that feature dueling gas stations on the corners. If one lowers its prices by even a few cents, the other(s) will be forced to do the same or risk losing business.


      The U.S. did actually experiment with price controls on gasoline following the 1973 Arab oil embargo, but with disastrous effects—shortages, volatile prices, and even more volatile tempers waiting in line at the pump. Similar results occurred in the natural gas market when price controls were tried there.


      So, OK, gasoline isn’t a natural monopoly, we hear you saying, but oil companies are making huge profits on a commodity that is essential to our everyday lives. Can’t the government act to protect consumers from price gouging?2


      That’s a familiar complaint, and one we all heard a lot of in 2007 and 2008 when gas prices soared to over $4 a gallon.3 It’s understandable, too. Oil companies are some of the largest, most visible in the world and they do make a lot of money in raw dollar terms. However, if you look at their profits as a percentage of their total revenue, they come in well below other industries.


      The average net profit margin for companies in the Standard & Poor’s 500 Index that are engaged in energy is around 10 percent. In other words, for every dollar they take in, oil and gas companies keep about a dime. Compare that to the likes of Google and other software companies that routinely pull down profits of 20 to 25 percent. It’s just that when you’re raking in billions in revenue, even a small percentage adds up to a lot of dollars. When it’s the oil and gas industry that’s doing the raking, the phrase “record profits” is sure to stir some outrage, or at least make for a good headline.


      Of course, there’s always an alternative. Some countries like Venezuela and Russia have nationalized their oil industries so that the governments effectively run the business. As the sole proprietor, it gets to set prices (for better or worse) for the locally sold refined petroleum products. Here in the U.S., a proposal for nationalization would likely be ripped to shreds before it got out of its first congressional committee. Too much government meddling! But as we’ll see, Uncle Sam has his fingers in just about every slice of the energy pie. He’s just a bit more nuanced about it.


      Meet the Regulators


      Regulation of U.S. energy markets is managed at the federal, state, and even local level. Which particular agency has jurisdiction over a given issue comes down largely to a question of geography. Federal regulators typically deal only with operations that cross state lines; inside a given state’s borders, it’s the state public utility commission, board of trade, or similar agencies that take control. Local governments get involved where property taxes, land use ordinances and other local concerns come into play.


      That’s the (very) quick and dirty overview. For more detail, we’ll start at the top with the feds.


      Federal Regulators


      The big kahuna of energy regulation is (drum roll, please) the Federal Energy Regulatory Commission, or FERC.4 This one organization oversees all interstate commerce in energy, from oil and gas pipelines to the transactions that make use of them. FERC also manages wholesale electricity markets that cross state lines (that would be most of them), issues permits for energy installations like natural gas processing facilities and dams to be built, and signs off on routes for new transmission lines.


      One area FERC doesn’t control is nuclear power. Permits for building and operating nuclear plants are granted by the Nuclear Regulatory Commission. Also, while FERC has authority in all the areas we just mentioned, it isn’t the only federal agency with skin in the game. Siting a major transmission line, for example, could easily require approvals from more than half a dozen bureaus of this and commissions of that, each with its own particular mandate.


      FERC also watches over the business of energy, specifically the financial behavior of energy companies that fall under its jurisdiction, and it ensures that energy markets operate in an open and fair manner. The Office of Energy Market Regulation is responsible for advising the commission on ways to prevent the use of so-called market power by energy companies (i.e., using their monopoly status or market dominance in an unfair way).


      FERC is made up of five commissioners appointed by the president, though only three of them can belong to a given political party. The lawyers, engineers, researchers, and other staff members at FERC are not political appointees, but are simply hired like any other rank-and-file government employee.


      State Regulators


      They go by different names, but each state has some kind of regulatory body whose job it is to watch over energy, typically electric utilities that operate in the state. “Public Utilities Commission” or PUC seems to be the favorite term, but there are public service commissions, and even plain vanilla commerce commissions that all serve the same function.


      The PUC is where the day-to-day business of utility regulation happens. This is the agency that your local power company must apply to for rate increases, and it is this agency that determines whether those rates are “just and reasonable.” State PUCs also issue permits for building new power plants and transmission lines as well as oil and gas pipelines, and they also enforce state environmental and safety laws, though these duties might also be covered by a state department of environmental quality, for example. Obviously, the specifics change from one state to the next.


      Coastal states also have regulators that oversee use of state waters for things like oil drilling or offshore wind farms, however their authority only extends to a distance of two miles from shore. After that, the feds take over.


      
        Fun Fact: Which State in the U.S. Imposed

        Controls on the Price of Gasoline?


        Talk about your popular regulations—price controls on gas would likely have gone over big during the summer of 2007 when prices at the pump were through the roof. But in fact, the state of Hawaii instituted gasoline price controls in 2005, making it the first state to do so. Prices in the Aloha State are already well above the national average for the simple reason that it costs so much more to ship gasoline there, so the state PUC decided to put a cap on retail prices. No word on who might be next.

      


      Intrastate Versus Interstate:

      What’s the Difference?


      You may have already noticed that the division of regulatory duties between state and federal agencies follows a certain pattern that can be summed up in the two words above. In fact, the difference is much like the interstate highway system, which is federally managed, as compared to intrastate highways that are managed by the state in which they run.


      Under the Constitution, states are given the authority to manage their own affairs, and this extends to energy regulation. Basically, any activity that takes place within the state’s borders falls into this “intrastate” category. The feds, on the other hand, have jurisdiction over anything that crosses state lines, like say a gas pipeline or electric transmission line. These are interstate facilities.5


      State and federal regulators working in the same field don’t always play nice together, and their sometimes-conflicting interests can lead to lengthy court battles. Recently, the Energy Policy Act of 2005 gave FERC “backstop” siting authority for transmission lines in certain areas of the country. On paper at least, FERC has the ability to override state regulators who can’t or won’t approve a power line, though it has yet to invoke this authority in practice.


      Electric Regulation: The Ebb and Flow

      of State and Federal Regulation in the

      U.S. Electric Industry


      Electricity is subject to a lot of regulation. Since it became broadly available, electric power has been vital to the functioning of our economy and society as a whole. So, a level of certainty in the market was needed to ensure this important energy source would remain available and reasonably priced. The early days of the electric utility business, however, didn’t offer much in the way of certainty, least of all for owners of local independent utilities.


      As we saw in Part IV, the utility business was a bit like the Wild West (i.e., not much regulation). Initially, states attempted to regulate utilities operating within their borders, but there was a problem. A single company could own utilities or parts of utilities in different markets and operate each of them from a distance, out of the reach of state-level regulation. The operating companies would have to comply with state rules, but the parent firm—the utility holding company—would not.


      Utility holding companies used their unregulated status to raise large amounts of capital by artificially inflating the value of the firms they owned, and used the cash to buy up still more local utilities. This went on until by the end of the 1920s, just ten companies controlled 75 percent of the nation’s power supply.


      Around the same time, utility holding companies and firms in other industries with a high concentration of ownership (e.g., oil, steel) came under increasing public scrutiny. The consumer was getting a raw deal and the remedy was federal regulation. This was the age of “trust busting” that followed the rise of “robber barons” like John Rockefeller and Andrew Carnegie.


      This new era of regulation was marked by several key acts of Congress. In the power industry, the centerpiece of new legislation was the Public Utility Holding Company Act of 1935.


      PUHCA6 (pronounced “POO-ka”) did away with the pyramid structure of utility holding companies and forced any firm holding more than a 10 percent stake in any public utility to register with the Securities and Exchange Commission (also recently created), with all the disclosures and reporting requirements that implies. The very same year, the Federal Power Act established the Federal Power Commission, the forerunner to FERC, to oversee interstate transmission of electricity and wholesale power markets.


      It’s hard for us now to appreciate the enormity of the changes these two landmark pieces of legislation wrought on the energy business, but suffice it to say that the industry looked a whole lot different at the end of the 1930s than it did at the beginning.


      PUHCA ruled as the guiding law of the land for decades, and it wasn’t until the 1970s that significant new energy regulation came on the scene. As is often the case, it was a crisis that moved the government to action.


      In the wake of the Arab oil embargo, President Jimmy Carter came into office with energy at the top of his agenda. We may remember him best for his cardigan sweater and pleas with the American public to conserve, but Carter’s energy legacy goes much deeper than that. He championed a whole new series of energy laws aimed at getting the U.S. off of imported oil, encouraging renewables, and taking the first steps toward changing the structure of the energy industry.


      It may come as a surprise, but the Department of Energy as we know it today did not exist prior to 1977. That year, Carter signed the law that consolidated various federal agencies into a single DoE and created FERC to replace the Federal Power Commission. The following year, Congress passed the National Energy Act, which is actually made up of five sections, most notably the Public Utility Regulatory Policies Act.


      PURPA, as it became known, cracked the monopoly structure of the utility world by opening up the power generation business to non-utility players. But it wasn’t just about introducing competition. No, PURPA had loftier aims, specifically to encourage the development of renewable energy sources and more efficient use of traditional ones.


      PURPA created a whole a new class of independently owned power generation facilities. These were (and still are) known as Qualifying Facilities or “QF’s” and they fall into two categories: small renewable energy plants and co-generation plants that use the heat required for some industrial processes to generate electricity as well.


      Ironically, it was the latter category that really flourished in the years that followed. Wind turbines and solar panels were still in their infancy, but co-generation had been around for decades. Industries that used on-site boiler plants to generate steam for their operations suddenly had a whole new revenue stream available to them. They could run their generators and sell any surplus power back to the local utility. Oh, happy day!


      What Is Integrated Resource Planning (IRP)?


      Under the regulated structure of the electric utility industry, one organization is responsible not only for delivering a reliable supply of electricity but for ensuring that that supply continues to meet our growing needs into the future. If this sounds like a challenging task, that’s because it is. Utility planners must take into account all sorts of things from population growth to land use to future rights of way for transmission and distribution facilities that are years away from being needed.


      Integrated Resource Planning—now there’s a descriptive term!—is the name given to this process.7 Usually it starts with an estimate of how much power the given utility’s customers will need over the planning period, which can be anywhere from a few years to a few decades. Based on what they think they will need to build, whether a new power plant or an upgrade to a transmission line, the utility will then begin a legal process known as a rate case. This involves the utility making its case, literally, to the state PUC so they can recover the cost of the investments they intend to make by charging their customers higher rates.


      The planners in the utility justify all of their assumptions about future energy demand, and lay out the various choices of supply they have evaluated to meet that demand such as building a new power plant versus purchasing power from another region. They evaluate conventional sources of energy versus renewable energy sources, upgrades to existing power plants, retirement of old power plants and even energy efficiency programs to conserve energy usage. The PUC considers the work that the utility planners have compiled and basically says “yes” or “no.”


      Overview of Regulation in the Oil Industry


      Regulation of the oil industry has taken a different course that that of other energy commodities. Unlike power, for example, there has never been a serious rollback in regulation. If anything, it has only increased over the years. Early regulation of oil had mostly to do with the corporate structures of the firms that controlled the business. And in the early days of the petroleum business, that meant primarily one company, Standard Oil.


      By the early 1900s, John Rockefeller and company had the oil industry in a headlock, controlling the entire supply chain from exploration and production to transportation, refining and retail sale. Two acts of Congress took aim at Standard Oil, though in a somewhat roundabout way. The Elkins Act of 1903 and the Hepburn Act of 1906 didn’t break up the Standard Oil monopoly, but they did classify oil and gas pipelines as “common carriers,” forcing pipeline owners to make them available at market rates to other users.


      This characterization also applied to storage facilities, ferries, and other assets in the supply chain, and it made all of them subject to federal regulation as part of interstate commerce.


      Later, the Supreme Court would break up Standard into regional companies, much like what was done with AT&T in the 1980s as a result of a lawsuit by then-upstart MCI. Not long after Standard Oil’s breakup, the Sherman Anti-trust Act put an end to all forms of monopoly, though some might argue we continue to live with them even now in certain industries. Concert tickets come to mind, and of course software. Microsoft was sued for monopolistic practices in Europe. No word yet on the ticket front.


      Jumping ahead several decades from Rockefeller’s time, we enter into a period of environmental regulation of oil that continues today. In 1970, Congress passed the Clean Air Act, which was really just one in a long line of “Clean Air Acts” beginning in 1955. The 1970 version assigned the Environmental Protection Agency as the chief watchdog for air quality. EPA would set standards for emissions of designated pollutants, and also enforce them. States were also directed to come up with their own plans for compliance with the federal guidelines. One of the results of that mandate was the establishment of gasoline blending standards and the development of so-called boutique fuels designed to reduce air pollution.


      A few years later, in 1975, the Energy Policy and Conservation Act (EPCA) was passed in response to the OPEC embargo. This statute established the Strategic Petroleum Reserve (SPR), a federally managed stockpile of crude oil that would serve as a buffer against future supply shortages. The SPR has grown over the years and now comprises about 727 million barrels.


      The other major policy mechanism introduced by the EPCA was the now-infamous standards for corporate average fuel economy or CAFE. Initially, the rules called for auto manufacturers to double the fuel efficiency of their product lines to 27.5 miles per gallon by 1985. We discuss the details of CAFE, including some recent changes to how those fuel efficiency averages are calculated, in Volume 2.


      OK, so we’ve covered oil regulation in the age of ragtime and disco. Now it’s time to have a look at the hair band period—yep, the 1980s. This decade brought us the Alternative Fuels Act of 1988, which as its name implies, was intended to push the development of motor vehicles that used alcohol, natural gas, or some other fuel besides petroleum. The act was mainly a mandate for further study, and to make alternative fuels commercially available. So, this legislation wasn’t so much a regulation of oil, but as occurs in several other instances it did have an impact, however modest, on the oil industry.


      Around the time Nirvana was recording their breakthrough album Nevermind—that’s 1990 for you non–Gen X’ers—another law came onto the books that had a very direct impact on oil, the Oil Pollution Act of 1990. It was passed in response to the Exxon Valdez oil spill and its provisions included penalties for oil companies responsible for spills, a requirement for all new oil tankers to be built using double-hull construction (we covered this back in chapter 9), and the assignment of jurisdiction over oil spills to the EPA.


      That’s a very quick, not to mention musical, overview of some of the major regulatory laws affecting the oil industry in America. Next up: natural gas.


      Overview of Natural Gas Regulation


      Welcome to the free market! Natural gas is probably the least regulated of the energy markets we’re talking about here, but it was not always so. In fact, the gas business started off as a regulated monopoly, much like today’s regulated power companies. In the nineteenth century, natural gas was derived from coal, and the large processing and distribution infrastructure required made for a “natural monopoly.”


      This structure stayed in place for decades until the early 1900s when gas began to be sold across a wider area. Up to this time, natural gas was regulated at the local level, but with the advent of gas pipelines, suppliers could reach many more potential customers and that made it impractical if not impossible for municipalities to exert any real oversight. So, the regulatory baton was passed up to the states and their public utility commissions.


      Of course, as pipeline networks grew and markets got bigger, the industry “matured” (i.e., larger players bought out their smaller competitors). Soon, more gas was being sold across state lines, but it was being sold by fewer and fewer suppliers. Time for Uncle Sam to step in!


      Indeed, by the 1930s, a handful of holding companies owned a quarter of all the gas pipelines in the U.S., but these firms also had dealings in other parts of the energy world, namely electricity. The passage of PUHCA in 1935 put a blanket over the electricity side, but the natural gas business remained unregulated at the federal level for another three years.


      The Natural Gas Act of 1938 gave the Federal Power Commission the authority to approve new pipelines and regulate the prices charged for using existing ones. This function passed to FERC when that agency was created about four decades later, and it continues to this day. However, while the FPC had the ability to regulate pipeline prices, the wellhead price (the cost of gas at the source) remained unregulated.


      That changed with a 1954 Supreme Court ruling that stated that any firm selling gas into an interstate pipeline system was, for regulatory purposes, a “natural gas company” subject to federal oversight. So, the gas business moved to a regulated model where, like electric utilities, firms would petition the government for rates to cover the cost of their operations plus a “fair” profit margin.


      However, this was not the same as a state PUC dealing with similar utilities. Gas producers were a more diverse lot, and this one federal agency, the FPC, had to deal with all of them on an individual basis. This arrangement was, shall we say, less than optimal in terms of efficiency.


      There was another problem, too: price controls. By setting the price of gas, the government was throwing a wrench into the market mechanism and by the 1970s this monkeying around had caused supply shortages (more on this in the next section).


      That brings us to the Natural Gas Policy Act of 1978. This law gave FERC the right to regulate not just interstate gas transactions but intrastate as well. It also did away with several kinds of price controls, but preserved the commission’s ability to put a ceiling on prices at the wellhead. The methodology for determining these ceilings, though, was rather complex. In fact, it was downright byzantine, but just to give you an idea, here’s an excerpt from the Department of Energy’s website:


      The maximum price that producers could receive was based on the date a well was started, the depth of the well, its proximity to other wells, whether the gas was committed to the interstate market on or before November 8, 1978, the date the well began production, and the geology and geography of the deposit from which the gas was produced.


      Well, that’s easy to remember, isn’t it? Following the Natural Gas Policy Act, gas companies began to invest in new capacity and prices began to stabilize with supplies. Yes, retail prices rose, but at least they were more predictable and in the end they exerted downward pressure on demand that also served to level the market.


      This was the high water mark for natural gas regulation, or perhaps it’s more appropriate to call it deregulation. The gas market certainly isn’t free of oversight; it’s just a kinder, gentler oversight. But by 1978, the trend toward less governmental control was already in the air.


      Why Did Price Controls Fail in the

      Natural Gas Industry?


      Price controls in the natural gas business were based on a cost-plus approach whereby producers were allowed a certain profit margin above their costs. The resulting retail prices under this system ended up being quite a bit lower than they would have been under a free market model. This might seem like a good thing, but it created some unforeseen problems.


      Cheap gas meant people weren’t too concerned about how much they used, and as a result demand increased. Meanwhile, as the oil market began its tailspin in the early 1970s, gas became even more attractive as an alternative fuel, creating still more demand. Producers, though, weren’t getting paid enough to support big investments in expanding capacity, so they just kept on pumping out the same amount of gas.


      To make matters worse, the feds regulated interstate gas sales, but not intrastate sales. This led to a balkanization of the gas market as suppliers sought to maximize profits by selling their gas in the state in which it was produced in order to avoid federal price caps. Is your head spinning yet?


      The introduction of a more uniform regulatory structure was probably quite a relief, though as we’ll see later, deregulation is not a cure-all either.


      Supply-and-Demand Economics and Beanie Babies


      What can Punchers the Lobster, Spot the Dog, Brownie the Bear, Splash the Whale, Legs the Frog, Squealer the Pig, Flash the Dolphin, Chocolate the Moose, and Patti the Platypus teach us about how prices are set in a free market system? Plenty! Beanie Babies make a great case study in the free market gone wild.


      Anyone who’s ever taken an introductory economics course—and we’d bet even those who haven’t—is probably familiar with the principles of supply and demand. Where the two meet is the market price, in this case for cutesy beanbag toys. Mix a flat supply with rising demand and you get rising prices, or in this case ridiculously high prices.


      When the manufacturer of these must-have toys ceased production in 1999, it set off a buying frenzy for each model as it was “retired” from production. Soon the plush toys were fetching hundreds of dollars each on eBay.


      Fast forward a decade and you can probably pick up even the most “desirable” Beanies for a fraction of that, if not less than their original retail price. Demand dried up, and as a result prices dropped as quickly as they had risen. When natural gas prices were allowed to rise, consumers used less and the resulting drop in demand effectively made more supply available, ultimately stabilizing the market.


      Regulation in the Coal Industry


      Probably the only segment of the energy industry to be more heavily regulated than the electric utilities is coal, specifically coal mining operations. We’ve said it before and we’ll say it again: we could write a whole book just on this one topic, so we’ll just provide a few regulatory highlights (if there is such a thing) from the coal business.


      Coal mining involves digging, and as a result some of the earliest laws that put restrictions on coal extraction had to do with things like buried antiquities discovered at a mining site. Then a long series of environmental and wildlife preservation laws came onto the federal books that similarly impacted coal in an indirect way. Finally in 1970, Congress took aim at the industry itself with the Surface Mining Control and Reclamation Act (SMCRA), which was passed in response to the explosive growth in strip (surface) mining.


      In just ten years between 1963 and 1973, the percentage of coal produced from surface mining nearly doubled from 33 to 60 percent. That is what you call revolutionary change. At this time, however, coal mining was controlled by a patchwork of state regulations that created a kind of race to the bottom. When the regulations in one state got too tough, mining businesses would simply move on to states with more palatable laws, in turn putting pressure on state regulators to keep those businesses from leaving.


      SMCRA was designed to end this game and create a single regulatory framework for coal mining across the country. The law addresses both mining itself as well as what to do with mining sites after the coal is extracted. The rules it imposes are pretty strict. Layer these on top of all the other controls on coal mining and it’s easy to see why a decade can go by between initial planning for a new mine and actual production.


      
        Table 19.1—Summary of legislation that has impacted the natural gas industry.9


        
          
            
              	
                Legislation

              

              	
                Impact on the Industry

              
            


            
              	
                Interstate Commerce Act of 1887

              

              	
                This act came in response to complaints of the railroad industry controlling interstate commerce. The act created the nation’s first federal regulatory agency, the Interstate Commerce Commission.

              
            


            
              	
                The Outer Continental Shelf Lands Act of 1953

              

              	
                The Outer Continental Shelf Lands Act put control over exploration and development in U.S. coastal waters up to three miles offshore in the hands of the Department of the Interior.


                The act also provides guidelines for implementing an oil and gas exploration and development program offshore, an issue that got a lot of airtime from the 2008 presidential campaign. (Remember “Drill, Baby, Drill?”)

              
            


            
              	
                National Environmental Policy Act of 1970


                Clean Air Act of 1970


                Coastal Zone Management Act of 1972

              

              	
                In the wake of an oil spill resulting from a drilling platform off the coast of Santa Barbara, new laws were passed to address oil spills and a range of other environmental issues.


                The three acts here were the result, and they covered everything from requiring environmental impact studies to be conducted prior to major projects to the regulation of emissions from industry that impact air quality, and a mandate for states to be consulted on projects affecting their coastline.

              
            


            
              	
                The Power Plant and Industrial Fuel Use Act of 1978

              

              	
                This legislation restricted construction of oil- or gas-fired power plants and encouraged the use of coal, nuclear energy, and other fuels.

              
            

          
        

      


      Here’s a list of some of the other federal statutes that affect the coal industry:8


      Antiquities Act of 1906


      Migratory Bird Treaty Act of 1918


      Fish and Wildlife Coordination Act of 1934


      Multiple Use–Sustained Yield Act of 1960


      Reservoir Salvage Act of 1960


      Endangered Species Act of 1963


      Wilderness Act of 1964


      Historic Preservation Act of 1966


      National Trails System Act 1968


      Wild and Scenic Rivers Act of 1968


      Bald Eagle Protection Act of 1969


      Mining and Minerals Policy Act of 1970


      Archeological and Historical Preservation Act of 1974


      Safe Drinking Water Act of 1974


      Forest and Rangeland Resources Planning Act of 1974


      Resource Conservation and Recovery Act of 1976


      National Forests Management Act of 1976


      Noise Control Act of 1976


      Soil and Water Resources Conservation Act of 1977


      American Indian Religious Freedom Act of 1978
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      Deregulation

    


    
      Ask a football fan their opinion of salary caps and you’re likely to get a spirited response. The idea is simple enough—the league, team owners, and the players agree to impose a limit on the total amount of money any given team can spend on talent in a given season. This, of course, creates a kind of zero-sum game in which signing a superstar player with a superstar salary leaves less room under the salary cap to pay everyone else on the roster.


      Price controls in football affect the superstars, though, just as much as their lesser-known teammates. If there were no salary cap, every player would earn the highest salary he could negotiate. That’s why in baseball, which has no salary cap, the New York Yankees can pay certain star players sums that might look more like the entire payroll for another team.


      Regardless of how you feel about how much money professional athletes make, the point here is simple: regulation has an impact, and those who feel the impact most directly are often the ones to suggest the removal of restrictions.


      What Is Deregulation?


      While broadly referring to government controls on industry, the term deregulation is most often used to mean primarily the introduction of competition where before there was regulated monopoly or very limited competition. Laws governing prices, concentration of ownership, environmental impacts and labor practices can all be considered “regulation” in the broadest sense, but for our purposes we’ll stick to the part that has to do with replacing a regulated monopoly structure with something that more closely resembles a free market.


      In many ways, deregulation has to do with how prices for energy are set—be it electricity, oil, coal, or natural gas. If they are set by a government body on the basis of cost plus an approved profit, then it is a regulated environment. If market forces of supply and demand can set prices for the energy commodity, then it is an open or “deregulated” market.


      In the last twenty years or so, the U.S. energy industry has experienced a lot of deregulation. As we’ll see—and as you may well be able to attest from your own experience—the results have been anything but consistent.


      Deregulation in Natural Gas


      As noted earlier, natural gas suppliers used to be highly regulated natural monopolies. They controlled all aspects of the gas business from the development of new wells to the extraction, processing, transportation, and sale of gas. These firms in turn were controlled by regulators at the state and federal level.


      Deregulation broke up these monopolies, and today companies working in the exploration and production side of the industry are separate from those actually buying and selling the gas, whether in commodity markets or at the retail level.


      This process of dividing up the various functions within the gas industry is called “unbundling.” Up until the 1970s, if a local gas provider wanted to buy gas from a given producer, they had to buy a package—gas and transportation, all rolled into one price. Even with the vast network of pipelines available, the buyer would be restricted to only one pathway to receive the fuel. Since there was effectively no competition on the transportation service, prices were distorted.


      FERC rode to the rescue of wholesale gas customers in 1985 with the adoption of Order 436, which separated gas from transportation. This rule allowed wholesale customers to buy a quantity of gas from a given reservoir and negotiate separately with pipeline owners to move it to their own distribution system.


      A few years later, the Natural Gas Wellhead Decontrol Act1 of 1989 implemented a phased removal of all remaining price controls on natural gas that was completed in 1993. By this time, only about a third of the gas being sold in the U.S. fell under a price ceiling of some kind, but this act put the final nail in the coffin of regulation in the natural gas industry. Or at least it did for the most part.


      FERC still oversees the construction of new pipelines and interstate gas transactions, and state regulators still exercise control over retail-level gas companies within their state lines. The wholesale gas business, though, is today essentially unregulated in terms of competition and prices.


      By most accounts, deregulation in natural gas has been a great success. Competition and free-market pricing have done away with the perverse incentives that went with price controls, and market forces have also spurred investment in exploration and development of new reservoirs (including unconventional sources), new pipelines and other aspects of the industry. Gas prices are markedly lower than they were under regulation.


      That last point is especially important, because the success of deregulation in gas was instrumental in bringing about similar change to another behemoth of regulation, the electric power industry.


      The History of Competition in the Electricity Industry


      Do you know when the electric power industry first experimented with deregulation? If you’re reading the chapters of this book in sequence, then you know from our brief overview in chapter 14 that the industry actually started out in a completely regulation-free environment.


      Adhering to the free market adage that competition would keep prices low, states and municipalities allowed multiple utilities to set up shop in the same market. Not just generation but also the “poles and wires” business of transmission and distribution were open to all comers. And competition there was!


      Price wars were not uncommon, and they led to the collapse of many early power companies.2 The proliferation of power lines was another hallmark of the early days of the power industry. If you look at photographs of any major U.S. city in the first couple of decades in the 1900s, you’ll see an incredible number of wires strung willy-nilly all over the city.


      Consolidation was inevitable, and in the absence of government controls, it meant that the last utility standing in a given market would have true monopoly power, which they then tended to exert on their customers. Rates began to escalate.


      Once a utility achieved monopoly status, it was virtually impossible to dislodge. The electricity business was and still is extremely capital-intensive, and it was simply too expensive for a newcomer to have any chance of establishing a foothold. This was one business where the free market actually seemed to produce higher prices, not lower.


      The reality of the situation became clear to legislators, who were faced with the prospect of nationalizing the entire power industry or moving it to a regulated model. The choice was clear, and so began the litany of regulation we described in the previous chapter.


      
        Fun Fact: Industries That Have Been Deregulated


        n The Airline Deregulation Act, passed in 1978, deregulated the airline industry.


        n The Staggers Rail Act, signed into law in 1980, began the deregulation of the railroad industry.


        n The Motor Carrier Act of 1980 deregulated the trucking industry.


        n Interstate busing services were regulated in 1982 with the Bus Regulatory Reform Act.


        n The Ocean Shipping Act of 1984 and the Ocean Shipping Reform Act of 1998 deregulated the ocean transportation industry.


        n The Telecommunications Act of 1996 was a major overhaul of the U.S. telecommunications industry and addressed, among other things, ownership limits across multiple media categories.

      


      Deregulation in the Electricity Industry


      By the 1980s, people began to question the electric power industry’s status quo as a natural monopoly. As a result, support began to build for taking the regulatory reigns off the power business with the intention of bringing down prices at the retail level.


      Keep in mind this was the time of the Reagan Revolution, and deregulation was all the rage—with good reason. Airlines and telecommunications were opened up, and consumers enjoyed a whole new level of service in the air and on the phone. So, what’s good for Ma Bell ought to be good for Big City Power & Light, right?3


      Well, that was the thinking at the time, but before we get into what went wrong, let’s look at how the deconstruction of the power business was supposed to go.


      Indeed, the industry does lend itself to a certain amount of separation of powers. Generation, transmission, and distribution are fairly distinct operations, and it’s not unreasonable to suggest that separate companies might take care of each one. A fourth type of player, the energy service provider (ESP), was also envisioned that would function much like your long-distance phone service provider. You would still receive power over the local utility’s wires, but you would pay a third party that had either contracted with an independent power producer to purchase their power or did so from the open market. ESPs were simply non-utility companies that were allowed to offer electric service to customers within the service territory of the electric utility.


      Economists supporting deregulation argued that the old regulated model encouraged utilities to spend money wastefully since they were guaranteed a return on their investment, provided of course they could get the state PUC to approve a rate increase to cover it. Accusations of inefficiency and “gold plating” projects mounted. PURPA had shown that generation could be opened up to competition locally, so why not facilitate that on a broader scale by opening up the transmission network?


      In 1992 the deregulators got their wish with the passage of the Energy Policy Act (yes, it has the same name as the one passed in 2005, and yes it’s confusing). That legislation opened up transmission lines to non-utility generators so they could sell their power to other utilities outside of the local area. The distribution business would remain vertically integrated for a few more years until March 31, 1998, when California became the first state to introduce customer choice in electric power at the retail level. Customer choice allowed the deregulated sale of energy to retail customers via a monopoly distribution network.


      California’s Grand Experiment


      The Left Coast has always been a trendsetter in everything from pop music to environmental protection, but in this case there was a much simpler explanation for California’s move. The state had some of the highest electricity rates in the nation, 50 percent higher than the national average in fact. Aside from angry voters, this also created a fairly inhospitable environment for businesses—especially those that used a lot of power. So, deregulation it was.


      With deregulation, though, came the disintegration of the integrated utility. The generation, transmission, and distribution operations were separated like siblings in foster care. Now there was no single entity that was responsible for actually running the power infrastructure as a whole. Tasks like forecasting demand, determining which power plants should run when, and managing limited transmission capacity used to be handled by the utility’s control center. So who would run the grid now?


      Cue the soaring trumpet music, and behold the Independent System Operator. The ISO (say “ICE-oh” or “EYE-so,” whichever you like) acts kind of as the ghost of utilities past, performing all of those day-to-day management functions that no single market player could perform under a deregulated structure. It’s an independent nonprofit corporation that is beholden to no one, and so is able to decide how the grid’s vast resources will be used to ensure the reliable, ongoing supply of electricity. There are ISOs still operating in deregulated (or “restructured” as the industry folks say) markets from New York to Ontario and, yes even now, California. But back to the 1990s—we haven’t finished yet with the California story.


      OK, so the ISO runs the grid, but how is power bought and sold, and who sets the price? Under the California system, another new entity was needed, the Power Exchange. The “PX” as it was known, was simply a marketplace for wholesale electricity. Generators would bid the output of their plants and buyers (i.e., utilities) would submit their requirements. The PX’s job was to match the demand with power from the generators, starting with the cheapest and moving up the “bid stack” until the last megawatt required was matched with a supplier. The price of power for all was the price of that last megawatt.


      This all sounds pretty straightforward, doesn’t it? It’s free market economics at work. But even if you live nowhere near California, you probably know what happened next. The state’s experiment with customer choice failed miserably, and that brought deregulation skidding to a stop in many other states as well.


      The cause of death for deregulation in California was the subject of much analysis in the immediate aftermath of the Western Power Crisis of 2000–2001. A lot of contributing factors were cited, but as we’ve learned in the process of researching this book, many of those were simply not relevant or outright wrong.4


      For example, siting a new plant in California is not easy, and while it’s true the state hadn’t added many large utility-owned plants in decades, other independently owned facilities were brought online and at the time of the crisis both the state and the larger Western States Coordinating Council (WSCC) to which it belongs both had ample reserves of generating capacity.


      There was also talk about how a drought in the Pacific Northwest played into the crisis. Again, while it’s true there was a drought in 2001, the effects of it came after the events that led to skyrocketing power prices and ultimately bankrupt utilities. California’s market rules were also scrutinized for requiring utilities to divest nearly all of their generating assets, preventing them from entering into long-term (stable) contracts with independent generators and instead forcing them to buy wholesale electricity on the more volatile spot market. Granted, this was less than ideal but it still doesn’t explain why the wholesale market price for power shot up to as much as $1,000 per megawatt-hour.


      So, what created the crisis? If you answered “Enron,” you’d be partly right—partly, because the now-infamous company was only one of several firms to artificially inflate the price of electricity through a variety of trading schemes and outright fraud aimed at gaming the system.


      One of the more common schemes involved selling power out of the state only to sell it back in once the appearance of a shortage drove the price up. Some generators also took their plants offline for “maintenance” in order to create a supply shortage and thus push up the price in the market as a whole. They made more than enough money with their other plants, which stayed online, to cover the cost of idling one or two.


      Utilities really suffered through this because California actually had price caps at the retail level, putting utilities in the untenable position of selling power for less than it cost them. It didn’t take long for this arrangement to bleed them into bankruptcy.


      The upshot of all of this, though, is that even before the market really imploded, only around 1 percent of residential customers and 15 to 20 percent of business customers actually switched to a new electricity provider. The state even ran a goofy ad campaign to prime people for the coming changes and encourage them to shop for electric service, but in the end very few viable new suppliers entered the market. Those that did found it nearly impossible to beat the incumbent utilities’ price, which was also artificially set ironically via the retail price freeze.


      In July of 1999, the price cap was lifted. San Diego Gas & Electric was the first utility in the state to complete all the steps required by the deregulation law, and soon afterward consumers gasped in horror as they opened their first electricity bills of the Deregulation Era. In some cases they were 200 percent higher than the previous month. But it was too little too late for SDG&E, which was already reeling from its daily cash hemorrhage at the spot market.


      The following summer, the system really began to unravel. Supply shortages—both real and manufactured—rolling blackouts, price spikes that exceeded the trading systems’ ability to record them (yes, for real), and a general sense of panic brought the California power industry to its knees. Pacific Gas & Electric filed for bankruptcy in what was the largest such case ever involving a utility company. The backlash was broad and it was fierce. After serving just 18 months in office, Gray Davis was ousted in the state’s first recall of a sitting governor.


      Eventually, California returned to a semiregulated market structure. Utilities were allowed to own power plants again, and enter into long-term contracts with independent generators. The ISO continues to run the transmission grid.


      Other states have fared better with their deregulated markets, no doubt learning from California’s mistakes, though they have also had to deal with unmet expectations in terms of price reductions.


      Death Star, Fat Boy, and the Collapse of Enron


      Prior to the deregulation of the electric power industry, it would have been hard to envision Enron as the seventh largest company in the U.S., let alone the poster child for corporate greed. Founded in 1985 with the merger of two gas pipeline companies, Enron continued in that business but it also became a well-connected and vocal supporter of deregulation in other energy markets.


      Fast forward just seven years to 1992 and Enron had become the largest natural gas trader in North America and was moving into new businesses like LNG, coal and trading in electricity transmission capacity and even broadband telecommunications. But it was a castle built on sand.


      Through a long series of accounting sleights of hand, the company was able to hide losses in off–balance sheet operations and preserve the outward appearance of a hyper-profitable company. Death Star, Fat Boy, Ricochet, and Get Shorty were internal code names for blatantly fraudulent trading maneuvers aimed at manipulating the California electricity market. These operations were highly profitable, but they also happened to be illegal. The bean counters at Enron also made liberal use of a technique called mark-to-market accounting (M2M) whereby future anticipated returns were recorded as real revenue in the present.


      By 2001, the piper had shown up at Enron for his payment. Following a credit downgrade, SEC investigations, and a failed buyout by a competitor, the company filed for bankruptcy protection in disgrace. Enron’s CEO, Jeff Skilling, went to jail (chairman Ken Lay died before being sentenced) and the company’s name became forever linked to the worst of corporate hubris.5


      Is Electric Deregulation Good or Evil?


      California’s experience with electricity deregulation was by no means representative of all the markets that opened to competition. Indeed, other states had an easier go of it, and some continue to operate under a deregulated market structure. On balance, however, most have gone back to (or never left) a regulated model.


      Even so, the utility industry’s experience with deregulation has left the $200 billion business forever changed. Power companies have become much more active in buying and selling assets and even entire companies, and that has led to consolidation.


      Wall Street has taken notice, too, and utility stocks are now viewed as more risky (and also more profitable) than they once were. No longer a sleepy investment backwater, utilities are now expected to turn in profit margins that are more on par with other industries.


      Answering this fundamental question of the relative merits of deregulation is difficult to say the least. Clearly, it has not produced the benefits to consumers that were realized in other industries that went through a similar transformation. In fact, utility bills are generally higher now than they were under regulation. But to balance the California story, we need only look to the other side of the country.


      Pennsylvania opened its power industry to competition, but unlike the debacle that California experienced, the Keystone State has seen steady supplies of electricity at relatively low prices. In 2001, the chairman of Pennsylvania’s PUC announced the state’s utility rates had dropped from 15 percent above the national average to 4 percent below it. Rates have since increased, but the PUC has determined that the rising costs are in line with market realities and not due to manipulation.


      One key distinction between California and Pennsylvania is that the latter is a power exporter—there was never a shortage of generating capacity there like there was (and many would argue still is) in California. Having enough power, either though in-state power plants or adequate transmission capacity is the only sure-fire way of avoiding price spikes on hot summer days.


      Economics are only part of the issue, though. Reliability also comes into play. Following the Northeast blackout of 2003, the U.S.–Canadian task force assigned to assess the causes and recommend improvements often cited the need for greater oversight. Trusting the industry to regulate itself had apparently finally run its course, and with the passage of the Energy Policy Act of 2005 oversight passed to a government-sponsored entity.


      So, despite various experiments with deregulation in the 1990s, and even with a raft of new reliability-focused regulation at the federal level, the jury is still out on whether open power markets are really a better deal for the end user of electricity. We certainly aren’t going to make any prescriptions here, but we will watch with interest as the issue continues to evolve.
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      Renewable Energy

    


    
      As a society, we have a fascination with weather. El Niño, Katrina, a killer heat wave—weather extremes capture headlines and the popular imagination. But aside from the spectacle of a natural disaster, there is an undeniable connection between humanity and the elements.


      This relationship with nature—and in particular nature’s energy sources—has existed throughout history. In many mythologies the sun symbolizes the chief god, who grants life to the other gods and to humans. People pray for rain or an early spring, and even today weather forecasts occupy a substantial part of the evening newscast, not to mention elevator small talk.


      Old Mother Nature even dabbled in international affairs as far back as 1588 when the seemingly invincible Spanish Armada was defeated by a much smaller fleet of English ships thanks to a few well-placed storms that destroyed some of the Spanish vessels and scattered the rest.


      More recently, human beings have learned how to capture nature’s energy and put it to work. In essence, all energy sources are derived from nature and can even be considered to be “renewable.” It’s just that some renew themselves a bit faster than others. Wind is constantly being created whereas it takes quite a bit longer to turn dead plants into oil.


      Volume I of this book examined nonrenewable energy sources, which for all practical considerations are limited in supply on earth. The chapters in this volume provide an overview of renewable sources of energy that are essentially inexhaustible.


      What, then, is renewable energy? How is it different from energy derived from fossil fuels or nuclear reaction? The chapters in this part will provide a brief overview of the process of harnessing renewable energy and the impact of these sources on the environment.
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        Wind Energy

      

    


    Wind power is actually a form of solar energy. About two percent of the sun’s radiation that reaches Earth is converted to wind energy through the heating and cooling of the earth’s surface.1 When areas of the earth heat up, the warmer air rises and cooler air rushes in, creating wind.


    The machines used to convert wind energy to electricity are called wind turbines or wind-turbine generators since they turn generators, not grinding wheels (i.e., windmills). Though often regarded as a different technology, the machinery inside a wind turbine is actually very much the same as that inside of a turbine fueled by natural gas or coal.2


    A Brief History of Harnessing the Wind


    Humans have used wind energy for thousands of years. It propelled boats along the Nile River as early as 5000 B.C., and by 200 B.C. was being used to pump water in China and grind grain in the Middle East. In America, wind provided electricity and pumped water on farms well into the twentieth century.3


    Wind technology spread across the ancient world. European merchants and crusaders brought the technology back to Europe, and it continued to spread. The Dutch used it to drain lakes, and today are one of the world’s leading wind technology exporters. Wind-driven pumps and mills came to the New World with European settlers in the nineteenth century.


    Wind power experienced a decline with the industrial revolution as steam engines replaced wind in most applications. However, while industrialization obviated the need for small windmills, development of wind-driven generators continued.


    Wind turbines as we know them today were first developed in Denmark near the end of the nineteenth century,4 and by the 1940s an experimental 1.25 megawatt turbine was introduced in Vermont on a hill known as Grandpa’s Knob.5 This was a monster of a machine for the time (modern multi-megawatt turbines have only been in broad commercial use for around twenty years), and it supplied power to the local grid for several months.


    More recent interest in wind energy has had its ups and downs, mostly attributable to the cost of traditional energy sources. The development of wind-turbine technology in the 1970s refined old ideas and introduced new ways of converting wind into useful power. The first wind farms, as we know them, sprouted up in the late 1970s and early 1980s. Today, wind turbine technology has matured to the point where these early installations look like scale models compared to the massive machines available now.


    The Science and Technology of Wind Energy


    The origin of wind is simple. The sun heats the earth unevenly, and where it’s hot, air rises. Cooler air moves in to fill the void, and that movement is what we call wind.


    Air doesn’t weigh much, but it does have mass, and when that moving mass pushes against the blades of a wind turbine, it causes them to turn. The hub, where the blades come together, is connected to a shaft inside the wind turbine. Here, a series of gears known as a gearbox magnifies the speed of the rotation. The result is that the shaft exiting the gearbox turns at a much faster rate than the shaft coming in.


    The high-speed shaft is connected to a generator that actually makes the electricity. The stronger the wind, the faster the turbine spins and the more electricity is produced. In the words of many a late-night TV commercial, it’s just that easy!


    From the generator, electricity moves through cables down the tower of the wind turbine and is collected by electrical equipment on the ground. From there, it passes through other cables and equipment until it reaches a transmission line and flows into the grid.


    It is possible for there to be too much wind, in which case the blades and other components of a wind turbine can be damaged. If wind speeds get too high, the turbine has a brake that will keep the blades turning at a safe speed.


    Wind turbines work best where the wind blows strongest and most consistently—on the tops of smooth hills, on open plains, near shorelines, and in mountain gaps. Offshore wind farms take advantage of the superior wind resources found at sea. To make electricity economically, wind speeds need to be in the 12 to 14 miles per hour range, again with the emphasis on consistency.6


    Small wind turbines usually produce about 50 to 300 kilowatts of electricity. Larger turbines, often referred to as “utility-scale,” range in size from 700 kW to 5 MW. However, as we’ll get to in a minute, the variability of wind makes it a bit harder to equate these figures with the usual “number of homes served” measure.


    Groups of wind turbines are often called wind farms, and they tend to be spread out over a large geographic area. Depending on the local terrain, one turbine needs about two acres of land, but the turbine itself takes up very little of that space, which can still be used for farming, grazing, recreation, and other uses.


    Pinwheels and Propeller Heads: Types of Wind Turbines


    OK, when you were a kid, did you ever blow into an unplugged house fan to see if you could get it to turn the other direction? Ever play with a pinwheel? If so, then you are already familiar with the most common type of wind turbine: the horizontal axis type.


    Now another question: were you ever called a “propeller head” in school? Maybe you used the term to describe one of your brainier classmates? Well, whatever side of that particular fence you’re on, you probably know where the term comes from. The beanie with the propeller on top—along with hummingbirds and helicopters—works on the same principle as the other main variety of wind turbines, the vertical axis type. These are also known as “eggbeater” style turbines since many of the designs resemble the business end of that classic kitchen appliance.


    The vertical axis design is used mostly in small-scale applications, and is more likely to be seen on a rooftop than a mountaintop. Horizontal axis machines are more common, and this design is used exclusively in larger “utility-scale” turbines.


    Vertical axis turbines are theoretically just as efficient as the horizontal type, but in practice certain physical stresses wreak havoc on what might look like a great design on paper. This is why vertical axis turbines tend to be smaller. In addition, horizontal axis designs have a wider operating speed range and are self-starting.
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        Figure 1.1 Two basic designs of wind turbines. (Doug Jones)

      

    


    The Challenge of Variability


    The Rolling Stones summed up the fundamental difference between wind energy and other more traditional sources with their song, “You Can’t Always Get What You Want.” In this case, what you want is a nice, constant breeze.


    Power grid operations are mainly focused on maintaining a constant balance between production and consumption, so the variable nature of wind power presents something of a challenge. However, there is already a good deal of variability in the grid because the amount of power being consumed is constantly changing. Studies and actual practice in places like Germany and Denmark7, 8 have shown that a power system obtaining even as much as 20 percent of its power supply from wind farms can handle the inherent variability without any serious problems. In other words, wind can (and in some places, does) provide a major portion of a country’s power supply.


    Wind is also free, does not produce greenhouse gases or other pollutants, and is essentially infinite in supply. Given these advantages, it’s not hard to see why wind power is being developed aggressively in many parts of the world.
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        Figure 1.2 One megawatt of wind is not the same as

        one megawatt of other types of generation. (Doug Jones)

      

    


    Harnessing the Winds of Change: The Economics of Wind Power


    In the beginning, there was cost. And it was high. Retail costs for wind power in the early 1980s were as high as 30 cents per kWh. As figure 1.3 shows, though, costs have come down dramatically, and during periods when natural gas prices are high wind is even cheaper than gas-fired generation.


    Wind is also inexpensive relative to other types of renewable energy sources like solar energy, geothermal energy, or biomass, as shown in figure 1.4. The up-front costs to build a wind farm are typically between $1,000 and $2,000 per kilowatt of installed generation9 (e.g., a 500 MW wind farm would on the lower end cost $500 million to install). There are, however, other costs associated with wind energy.


    One of the primary hurdles that wind must overcome is the fact that the best sites for wind farms are often far away from where the electricity would be used. Now this in itself is not a problem—we build transmission lines to carry electricity all the time. It is a problem when you consider that wind farms don’t generate as much power in one place as say a coal plant. As we mentioned earlier, a wind farm often generates only a fraction of its rated capacity at any given time—but a transmission line has to be built large enough to carry the full rated capacity, so it doesn’t overload during windy moments. That means the transmission line will be less than half full most hours of the year—not good economics for the owners of the transmission line! The people who put up the money for transmission lines generally like to recoup their investment as quickly as possible, and with wind, instant gratification typically isn’t on the menu.
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        Figure 1.3 Cost of wind power in levelized cents/kWh. (Doug Jones)

      

    


    Ironically, there has been some discussion in recent years about spreading the cost of new transmission lines across both wind- and coal-generation facilities; for example, to exploit the coal resources of Wyoming’s Powder River Basin and the superb wind resources of the Rocky Mountain ridges.


    Let the Wind Blow: Market Forces Versus Government Intervention


    Adam Smith, often regarded as the father of economics, refers to “the invisible hand” as the mechanism by which a benevolent God administers a universe in which human happiness is maximized. Down here on earth, however, there isn’t a hand anywhere, divine or otherwise, that isn’t constrained by some form of government regulation. In short, the free market is anything but free and that goes for the energy world too.
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        Figure 1.4 Wind costs compared with other renewable energy

        technologies in cents/kWh. (AWEA/Doug Jones)

      

    


    According to the United Nations Environment Programme, global investments in wind, solar energy and other renewables totaled a whopping $223 billion in 2008, but this number would not be possible without mandates and subsidies of various kinds.10 Governments recognize the role that wind energy can play in the energy mix. So, energy subsidies are the not-so-invisible hands of government acting to shape the market in a particular way. In this case, the intervention is aimed at encouraging further development of wind energy.


    As we discussed in Volume 1, energy subsidies can be either direct or indirect. Direct subsidies include payments from the government directly to producers or consumers, or they can take the form of tax credits, which work just like the tax credits individuals receive for, say, installing a more efficient water heater or buying a home for the first time. The wind subsidy in particular is known as a production tax credit (PTC) because it is only applied to energy produced by wind farms (and other renewables), as opposed to an up-front subsidy for their construction.


    Indirect subsidies cover pretty much everything except outright payments from the government. These include the provision of energy or energy services at preferential prices, funding for research and development, or even providing insurance or loan guarantees.


    How Do Wind Energy Subsidies Work in the United States?


    The PTC was passed into law as part of the Energy Policy Act of 1992. This credit applies to the electricity produced during the first ten years of a wind plant’s operation and is aimed at the development of large-scale wind energy projects.


    Critics of wind energy often question the necessity or fairness of a tax credit that favors one particular technology. They see such mechanisms as tinkering with the free market. However, as noted earlier, the energy market has never been truly free.


    Fossil fuel energy such as coal and oil have long benefited from government subsidies, usually of the indirect variety. For example, the federal government has paid out $35 billion over the past thirty years to cover the medical expenses of coal miners who suffered from black lung disease and has established legal protections to encourage the construction of nuclear power plants by limiting their liability in the event of an accident. Actions like these have a profound impact on the cost of doing business, and have been instrumental in maintaining energy prices.


    Feed-In Tariff


    At some point or the other, families quarrel about chores—whose turn it is to take the garbage out, mow the lawn, shop for groceries, and so on. This is more so the case in families that have children old enough to pitch in and help. Some parents foist the chores onto their kids, some parents nag incessantly hoping for compliance, while others coax, cajole, and even plead. And there is a group of them that use free market economics to get the job done—they pay their kids an allowance for doing their chores. They argue that in addition to getting the rooms cleaned, dishes loaded into the dishwasher, and meals prepared, it teaches their kids to manage money and learn to live within a budget. This does stir up debate among some as to why kids should be compensated for contributing to the general good of the family. And where should one draw the line with monetary incentives? Should kids only get paid for chores that contribute to the entire family (meal prep, lawn work) or should they get bribed for cleaning up after their own spills and messes?


    Extend this analogy to include all of society, and you begin to have an idea about the topic of feed-in tariffs. A feed-in tariff is a government policy that guarantees producers of renewable energy a minimum price for selling power into the electricity grid. Put simply, the idea is to pay consumers and businesses for investing in renewable energy by setting the price the utility will pay them for the power they supply.


    Feed-in tariffs are a form of an energy subsidy, but unlike tax credits that are a burden on all taxpayers, only electricity ratepayers (a.k.a. the utility’s customers) pay for the feed-in tariff program. This is because the government forces the local electric utility to pay above-market rates to buy renewable energy, usually for a long period of time (15 to 25 years is typical). Undoubtedly, this raises the electricity bills for all customers serviced by that utility.


    Germany and Spain are considered world leaders in implementing feed-in tariffs. Germany is not a particularly sunny place, but solar power has exploded there in large part thanks to feed-in tariffs. While other subsidies have enjoyed a long history in the U.S., feed-in tariffs have been largely ignored as a viable option here.


    Critics, however, point to policy alternatives like renewable portfolio standards (RPS), and the fact that the increased electricity rates affect those with lower incomes the most severely. In addition, these programs have become so popular in some countries that their cost burden has forced the government to install a cap on payments. It’s like a world where the hyperefficient kids do all of the household chores (and then some) giving their parents plenty of downtime to unwind and relax . . . but the allowances the kids collect begin to be a drag on the family’s budget.


    Wind Energy and the Environment


    Perhaps one of the largest benefits of harnessing wind for electricity is the environmental impact. Wind turbines and wind farms do not emit anything harmful into the atmosphere. They do not produce hazardous liquid or solid waste. They do not deplete earth’s natural resources such as coal, natural gas, or oil and, as a consequence, do not cause environmental damage due to extraction and transportation of these resources.


    Wind energy has a lot of potential to offset the pollution caused by other kinds of power generation (especially coal) in the U.S. and worldwide. How extensive is that pollution?


    Power plants in the U.S. emit about 70 percent of the sulfur dioxide, 33 percent of the nitrogen oxides (both contributors to acid rain), 34 percent of the carbon dioxide (a greenhouse gas), 28 percent of small particulate matter (a major cause of asthma and lung cancer) and 23 percent of the toxic heavy metals (which cause birth defects) that are released into our nation’s environment each year. The displacement of fossil-fuel generation with wind power has a direct impact on all of these pollutants.


    Naysayers to Wind Energy


    Most all of us have witnessed one protest or another while channel surfing and some of you have undoubtedly been part of one. Protests against animal testing, against war, against people against war . . . you name it, there’s probably someone somewhere protesting against it, and that includes wind power.


    There are numerous benefits to utilizing wind energy—environmental and otherwise—but there are a few drawbacks. Wind critics point to bird and bat deaths, soil erosion at wind farms, and the need for backup generation. There is also a good deal of concern over wind farms’ aesthetic impact on so-called “view sheds.”


    Upon further investigation, however, most of these criticisms can be dismissed. For example, while birds and bats do occasionally collide with wind turbines, the number of these animals killed each year by house cats far exceeds those killed by turbine blades. Soil erosion can be largely avoided if sound landscaping practices are observed.


    With regard to backup power, it is true that a wind farm will require a certain amount of backup generation to even out the variations in its output. For a 100-megawatt wind farm, the backup required is about 2 megawatts.11 However, that capacity already exists in the many conventional power plants currently generating electricity. It’s also insignificant when you consider that people’s use of electricity causes vastly greater variations in the balance of the grid than does the output of a few wind farms.


    Aesthetic concerns are essentially subjective, and are, therefore, difficult to quantify. Noise from wind turbines has been greatly reduced as the technology has advanced and rules for minimum distances from homes have been implemented. A modern wind turbine placed 250 meters from your house would make about the same amount of noise as your refrigerator.
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        Figure 1.5 Noise in decibels from wind turbines compared to other sources. (AWEA/Doug Jones)

      

    


    Visual impacts and reduced property values are what most residents object to when it comes to having a wind farm in their backyard, and for this there is no easy answer. Wind turbines located on land or in shallow coastal waters are likely to be visible to nearby residents (though distant offshore wind farms are now being built in Europe). Whether those residents see the turbines as a promise of a cleaner energy future or simply an eyesore will depend on the proverbial eye of the beholder.


    
      Fun Fact: Wind Energy Statistics

      in the U.S. and Around the World


      n Worldwide wind generating capacity in 1999: 15,000 MW


      n Worldwide wind generating capacity in 2008: 121,188 MW12


      n U.S. wind generating capacity in 1996: 1,800 MW


      n U.S. wind generating capacity in 2008: 25,170 MW


      n Countries with largest share of power mix from wind: Denmark (23 percent), Spain (8 percent), Germany (6 percent)


      n North Dakota has greater wind energy resources than all of Germany, but only 700 megawatts of wind generation is currently installed there13 (as opposed to Germany, which in 2009 had 24,000 MW of installed wind generation).


      n If the U.S. fully exploited its wind resources, the turbines could generate 11 trillion kilowatt-hours of electricity, or nearly three times the total amount produced from all energy sources nationally in 2005.

    


    Floating Wind Farms


    As any sailor knows, winds at sea are often much stronger than those on land, and they get stronger the farther away from land you are. Recently, wind turbine manufacturers and power system planners have begun to explore the development of deep-water wind farms—large turbines located hundreds of miles from shore.


    General Electric is currently developing turbines in the 5 to 7 megawatt range that could be situated on floating platforms. Researchers at MIT have done feasibility tests on these structures and have come up with workable designs that use gigantic cylinders for flotation and concrete for ballast. The platforms would then also be anchored to the seafloor.14


    The potential for deep-water wind farms is enormous, and the European Union is already considering a “Super Grid” of massive wind turbines located in the North Sea. As high quality onshore wind resources are used up, and as an alternative to the siting battles associated with shallow-water installations, distant offshore wind farms could become a reality in the near future.


    Airborne Wind Turbines


    Picture a kite-like structure outfitted with wind turbines and flying at high altitude above the earth. Sounds like science fiction, but in fact is the subject of some serious inquiry. The idea would be to use a tether to transmit energy to the ground and keep the turbine-kite in place.


    As you might expect, there are major impediments to the practical implementation of such designs. One sticky wicket is what to do if the wind dies down and the kite starts to fall back to earth. Another issue is keeping aircraft away from the tethers. Not surprisingly, no airborne wind turbines have been put into commercial operation as yet.
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      Solar Energy

    


    
      Here Comes the Sun might qualify as the most optimistic Beatles song of all time.1 George Harrison wrote it in his friend Eric Clapton’s garden, and it might have been a wishful exercise—in the months prior, Harrison had been arrested for marijuana possession, had his tonsils out, and quit the band at least temporarily. Whatever his motivation, the song could also serve today as a theme for the entire solar industry, which is enjoying a growth spurt like never before.


      The sun has produced energy for billions of years—4.76 billion years, to be precise.2It burns at a temperature of nearly 29 million degrees Fahrenheit. Luckily for humans, earth is a little less than 93 million miles away from the sun—close enough to benefit from the energy it delivers without being cooked to a cinder. So, just how much energy does the sun deliver? Experts estimate that the energy from sunlight striking the earth for a period of 40 minutes is equivalent to our global energy consumption for an entire year.3 Capturing that energy, of course, is another matter.


      Solar energy arrives on earth in the form of solar radiation, which can then be converted into other forms of energy. We mostly use heat and electricity. Photovoltaic panels, or simply “PV,” convert sunlight directly into electricity. These are what you’ll find in rooftop residential systems, along with the cells that power calculators and remote call boxes on the highway. “Passive solar” is a term often used to refer to residential hot water systems or home heating that takes advantage of the sun but doesn’t involve conversions to electricity.


      Solar thermal plants—also known as concentrated solar power (CSP)—draw on both concepts. They concentrate the sun’s rays to heat a fluid that is used to create steam that drives a generator. We’ll get into more detail on both PV and solar thermal later in this chapter.


      
        Fun Fact: Did You Know?


        n The sun represents more than 99 percent of the mass of the entire solar system.4


        n Biological rhythms that have periods of about 24 hours, also known as circadian rhythms, can be altered by long exposure to light. (Watch Al Pacino as detective Will Dormer in the movie Insomnia to get a sense for the chilling effects of altered circadian rhythms.)


        n There is an entire field of biology that is devoted to the study of the impact of light on living organisms. It is called photobiology.


        n Photosynthesis is the conversion of solar energy into biochemical energy in plants.


        n Plants aren’t particularly efficient—only about 6 percent of the energy they receive in sunlight is converted to energy they can use.


        n Today’s commercially available solar panels range in efficiency5 from about 10 percent to 20 percent.

      


      Harnessing the Sun’s Energy: A Brief History


      For centuries people have recognized the intimate relationship between the sun and life here on earth. In many religions, the sun is worshiped as a deity or the symbol of a deity. The sun is a Hindu deity called Surya. The sun god represents illumination and liberation. The Babylonians were sun worshipers, and the ancient Egyptians worshiped the sun god Ra. You might even say “sun worship” extends to the legions of oiled bodies tanning on the beaches of the French Riviera.


      In fact, tapping into the sun’s energy is not new. Humans have been doing it since the seventh century BC when magnifying glasses were used to make fire. The technology to utilize this energy, however, has improved dramatically and changed over the centuries. As early as 212 BC, our local star was reported to have played a role in settling international disputes when the Greek scientist Archimedes used the reflective properties of bronze shields to focus sunlight and set fire to Roman ships that were besieging Syracuse.


      (The Greek navy re-created this experiment in 1973 and successfully set fire to a wooden boat at a distance of 50 meters. Students at MIT managed to set fire to a wooden mockup at 100 meters, but the TV show Mythbusters threw cold water on the idea by noting several reasons why, though technically feasible, it was highly unlikely ancient Greeks could have done it in practice.)


      Chinese documents dating as far back as 20 AD, describe the use of mirrors to reflect sunlight to light torches for religious purposes. And for centuries, human civilization has designed dwellings with the specific intention of tapping into the sun’s warmth.


      The Evolution of Solar Technology:

      From Solar Cookers to PV Cells


      The technology to capture solar energy made an evolutionary leap when Swiss scientist Horace de Saussure built the world’s first solar collector in 1767. His device absorbed sunlight to cook food, and was later used by Sir John Herschel on an expedition to South Africa in the 1830s.


      Another important event in the evolution of solar technology was the discovery of the photovoltaic effect. In 1839 a French scientist named Edmond Becquerel was experimenting with an electrolytic cell when he noticed that the generation of electricity increased when his setup was exposed to sunlight. Less than forty years later, William Grylls Adams and Richard Evans Day discovered solar cells made of selenium could convert sunlight directly into electricity. This discovery was hailed by Werner von Siemens as “scientifically of the most far-reaching importance,” high praise from a guy who was regarded as being in the same league with Thomas Edison.


      Discoveries like these soon led to other advances like the first solar water heater in 1891, the discovery of different photosensitive materials, and eventually the discovery that would change solar technology forever, the development of the silicon photovoltaic cell at Bell Labs in 1954. This was the first time that a solar device produced enough electricity to run an everyday appliance. Any dream of a bright solar future in the United States, where solar energy makes a measurable dent in our fossil fuel consumption, owes its origins back to this invention.


      
        Additional Resources on the Web


        History of Solar Cooking: A good description of Horace de Saussure’s solar hot boxes of the 1700s can be found at http://solarcooking.org/saussure

        .htm.


        History of Solar Technology: The U.S. Department of Energy has a very good website on the history of solar technology at http://www1.eere.energy

        .gov/solar/pdfs/solar_timeline.pdf.


        History of Photovoltaic Cells and Solar Thermal Energy: http://www.california

        solarcenter.org/history_pv.html and http://www.californiasolarcenter

        .org/history_solarthermal.html.

      


      What Is a Wavelength?


      Light has many of the same characteristics as waves of water (which by the way carry energy too). Just as the crests of water waves can be close together or far apart, the crests of light waves can be close together or far apart. The wavelength is the distance it takes for a wave to repeat itself. For example, red light has a long wavelength but violet light has a much shorter wavelength.
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          Figure 2.1 Different wavelengths produce light with

          different characteristics. (Doug Jones)

        

      


      The Science and Technology of Solar Energy: Photovoltaics


      A photovoltaic cell, commonly called a solar cell, is the technology used to convert solar energy directly into electrical power. Photovoltaic cells are typically made from silicon.


      So how do they work?


      Sunlight is actually made up of photons, which can be thought of as particles of solar energy. Photons are not all the same and they contain differing amounts of energy corresponding to the different wavelengths of the solar spectrum.


      When photons strike a photovoltaic cell, one of three things happens. They might be reflected, pass right through the photovoltaic cell, or be absorbed into the cell.For the lucky (absorbed) photons that make it into the cell, what happens next is really kind of remarkable. The energy of the light coming into the cell is transferred to the semiconductor material (i.e., the silicon), which upsets the happy balance of electrons in the atoms that make up the material. Some of those electrons are shaken loose and they are then “directed” to an outgoing conductor by electrical fields.


      The resulting flow of electrons is direct current (DC), just like what comes out of a battery. No fuel, no spinning machines. It doesn’t even make any noise. The solar cell just sits there and generates electricity from light. Now really, admit it—that is pretty cool.


      Individual photovoltaic cells only produce 1 or 2 watts, so many cells are electrically connected into a packaged weather-tight module that is in turn linked together with other modules to form an array.6 PV arrays might be a few square feet to power, say a remote call box on the highway, or they might take up the entire roof of a big-box retail store.


      Obviously, the output of a photovoltaic array is dependent upon how much sunlight hits the cells in the first place; so local conditions (e.g., clouds, fog, not to mention dust on the panels themselves) have a significant effect on performance. Given optimal conditions, though, most commercially available PV modules today come in at about 10 percent efficiency.


      Yeah, that’s not so great, but advanced designs have gotten as high as 40 percent efficiency in laboratory tests, and there are even some materials such as nanocrystal photovoltaics (discussed later in this chapter) that show promise of delivering up to 60 percent efficiency in the future.7 The challenge, of course, is to make these higher-efficiency panels cheaper to produce.
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          Figure 2.2 Inside a solar photovoltaic cell. (Doug Jones)

        

      


      One way solar efficiency has been improved is to use two or more layers of different materials with different abilities to absorb photons from the light spectrum. The material on the surface absorbs high-energy photons while allowing lower-energy photons to be absorbed by a second layer of another material. This technique of stacking many layers of cells on top of each other can produce much higher efficiencies. Such cells are called multi-junction cells.


      Solar Efficiencies and Cost-per-Watt


      Photovoltaic systems offer many advantages. PV systems are easy to install and don’t require much in the way of maintenance. The environmental impact is minimal, requiring no water for system cooling and generating no by-products like ash or CO2. So why, then, does solar energy only provide for barely 0.1 percent of our energy consumption needs in the United States?


      There are two reasons for this: technology and cost.


      Garden variety silicon is easy to find—just visit the beach and you’ll be walking on it—but high-quality silicon required for the precision manufacturing of PV cells is in short supply these days. It already has a large market in the computer world (where do you think Silicon Valley got its name?), and now the PV industry is piling on.


      The cost of a typical residential PV system runs into tens of thousands of dollars. The homeowner might make that back in the long run, depending on the local utility’s rates and how long he or she stays in the house, but there’s no getting around the fact that it’s a lot of money to put up.


      Research and development efforts are consequently being aimed at using cheaper materials. “Thin film” solar cells use printing technology to apply a layer of semiconductor material to a thin support panel, eliminating the need for silicon and drastically lowering the cost of production. Thin film cells are less efficient than traditional silicon cells, but dollar-for-dollar they are more cost-effective.


      Boosting the efficiency of PV cells is the other main area of inquiry when it comes to making solar power more affordable. Converting a higher percentage of solar energy into electricity would mean that a solar panel of a given size would have higher power output, potentially reducing the cost per watt. There have been some interesting advances on this front in recent years, but if you’re waiting for a 40 percent efficient rooftop array to show up on the shelves at Home Depot, you’ll probably have to wait a bit longer.


      
        Fun Fact: Did You Know?


        n Each watt of photovoltaic power requires roughly 7 grams of silicon, which means that each 1,000-megawatt solar power plant needs 7,716 tons of processed silicon.8


        n Photovoltaic cells were first used by NASA to provide power to satellites. The success of PV in outer space triggered the development of commercial applications for the technology.


        n Photovoltaic cells, like batteries, generate direct current (DC), which is generally used for small loads such as electronic equipment but not for heavy loads like running a steel mill or a cement factory. For that, DC power is converted to AC using a device known as an inverter.


        n A level of 40 percent efficiency is one of the highest achieved for any photovoltaic device in a laboratory environment.

      


      The Science and Technology of Solar Energy: Solar Thermal


      OK, now we need to shift gears because this kind of solar power is completely different from photovoltaics. In fact, it’s only “solar” in terms of what makes the heat—the rest of it is basically nineteenth-century technology.


      In a solar thermal generator, the sun’s energy is used to heat water directly or it is used to heat another fluid that in turn heats water through a heat exchanger. The resulting steam is then used to turn a generator, just like in a coal or nuclear plant. That’s it.


      Although seemingly less direct than PV, solar thermal is actually more efficient, converting roughly 30 percent of the sun’s energy into electricity. However, one key advantage with solar thermal is that the heat can be stored to run the turbines well after the sun goes down. A large solar thermal plant in Spain does just that using molten salts as the storage medium, something we’ll cover in a moment.


      Solar thermal, also known as concentrated solar power (CSP), has been used in a fairly limited fashion so far, partly because it simply isn’t practical for household use. There are a few utility-scale CSP plants in sunny places like Spain and the Mojave Desert in California.


      Solar thermal comes in a couple of designs. In one, a patchwork of mirrors focuses the sun’s rays onto a single central point, a collector often located in a tower. Water inside the collector is converted to steam and routed through a network of pipes to a steam turbine.


      In another design, long trough-like mirrors aim the sunlight onto fluid flowing in a tube that runs parallel to the trough. The fluid, usually an oil, then flows into a heat exchanger where it turns water into steam to drive a turbine before being circulated back out to the mirrors again. This design is in use in the Spanish plant mentioned earlier.
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          Figure 2.3 Solar thermal plants use the sun to run a steam turbine. (Doug Jones)

        

      


      Some experts have suggested that, in theory, a single gigantic solar thermal plant occupying an area of 10,000 square miles in the southwestern U.S. could provide enough power to serve the entire country (at least during the day). While this proposition is obviously beyond being taken seriously, there is something to say for building several hundred solar thermal plants that collectively will take up just about one fourth of one percent of the land space in the United States to make a meaningful contribution to our goal of transitioning into an economy powered by sustainable energy sources. (The total land area of the U.S. is 3.79 million square miles, and 10,000 square miles of solar plants would make up 0.26 percent of the total area.)


      Recently, there has also been some discussion about using solar thermal plants in the vast deserts of North Africa to generate power that would then be transported across the Mediterranean to Europe. There is even a consortium of companies pursuing the project, which has been dubbed DeserTec. (Full disclosure: Bob’s employer is a member of the consortium.)


      Energy Storage for Solar


      Intermittency, variability—whatever you call it, solar suffers from the same affliction as wind power in that you can’t rely on it to deliver a steady, predictable flow of electrons. Solar is a bit more predictable than wind, but the fact remains that to really make a dent in our energy portfolio solar needs some help.


      We cover energy storage devices in the final chapter in this part, but there is one we thought we should mention here for a couple of reasons, and that is thermal energy storage. Turns out, heat is a great way to store energy, and solar thermal is a great way to produce it. So what’s so great about heat? Well, for one thing you don’t have to make the energy jump through a bunch of hoops by converting it from mechanical or solar energy into electrical and then storing it as an electric charge as you would with a turbine sending power to a battery. The energy captured in a solar thermal system just hangs around as heat until it is released to finish its trip to the turbine and generator.


      How do you go about storing heat, you might ask? Doesn’t everything just cool off? Well, yes, but some materials take a long time to do that and one of the slowest cooler-offers is salt, a handy substance we happen to have in abundance. Salt can be found in underground caverns (as we discovered in our discussions on oil), and of course there is a lot of it dissolved in ocean water.


      When heated to a molten state, salt has the ability to store a great deal of heat long enough to be used after the sun goes down to make the steam that drives the turbine at a solar thermal plant. The technology is still relatively new and as you might guess it’s still rather expensive, but the simplicity of capturing and storing heat energy avoids the losses associated with going from one form of energy to another and could make molten salt a key part of our energy future.


      Chasing a Cheaper Kilowatt: The Economics ofSolar Power


      According to the Energy Information Administration, most parts of the U.S. have retail rates for electricity below 10 cents per kWh, but the cost can vary depending on the technology used to generate it. Coal and nuclear energy cost 3 to 5 cents per kilowatt hour. Natural gas can cost anywhere from 6 to 40 cents per kilowatt-hour depending on the whims of the natural gas market.


      Solar thermal and PV cost around 15 to 17 cents a kilowatt-hour, so clearly for either one to become truly cost competitive, those numbers have to come down significantly.9 As we noted earlier, much of PV’s cost is tied up in all the silicon needed to make the panels. Still, even if alternatives can be developed, in most locations, solar power is still not ready for use on a mass basis if you’re just looking at cost per kilowatt-hour.


      That’s not to say solar won’t become cost-competitive with fossil fueled energy sources. Solar panels available when, say, Apple Inc. was moving out of Steve Jobs’s garage (around 1980) turned out electricity at a cost of over $21 per watt. Today that figure is around $2.70 per watt, and it is dropping. Thin film solar panels are even cheaper, though as we’ve seen, they’re also less efficient.


      Solar technology is on the march, and like most every other technology, the further it marches, the cheaper it gets. We don’t need to tell you how cheap computers have become relative to their capabilities, do we? Nah, we didn’t think so.


      But in addition to R&D there are other ways to bring down the overall cost of producing electricity from solar energy. Clustering solar power plants is one. Grouping multiple solar plants together, especially large ones, to share operational resources such as control rooms and spare parts could knock the prices down considerably. Another approach would be to simply build larger facilities to capture the sun’s energy. One of the largest solar thermal plants in the U.S. is a 22-year-old installation in California’s Mojave Desert.10 It’s capable of generating 354 megawatts of electricity. Local utilities are planning a 500 megawatt sized plant in the coming years. It’s like buying toilet paper at Costco—the larger the plant, the cheaper the power.


      Locating plants close to where the energy is used also brings down costs by eliminating the need to build long transmission lines. We probably won’t be building multi-megawatt-sized solar thermal plants near cities anytime soon, but PV is another story. Solar panels can be placed just about anywhere, and they have the potential to virtually eliminate transmission costs (not to mention energy losses) altogether.


      Comparing Costs of Electricity from Conventional and Renewable Sources


      The cost of construction of a power plant is simply that—the cost of building materials, turbines, boilers, reactors, ancillary equipment, and everything else needed to create a power plant from scratch. In order to have an apples-to-apples comparison, the cost of building a power plant is divided by the amount of electricity it can produce. This gives us a dollar-per-kilowatt figure we can use to measure the cost of any form of generation. Coal plants, for example, cost about $1,300 per kW. Nuclear plants come in at more than $2,000. A solar thermal power plant can cost as much as $4,500 per kW.11


      That’s the cost of construction. The cost of operating a power plant is something different. It is a function of the fuel fed into the power plant, and other operating and maintenance costs incurred to produce a kilowatt-hour of electricity on a regular basis. The cost of operation also includes things like paying the personnel to run the power plant. This cost is expressed as dollars per kilowatt-hour.


      Coal and nuclear energy cost 3 to 5 cents per kilowatt-hour. Natural gas can cost anywhere from 6 to 40 cents per kilowatt-hour depending on the price of natural gas at any given time (we’ve seen it range between $4.00 and $13.50 just during the writing of this book).12 But what about renewable sources of energy? Aren’t they essentially free? We don’t need to pay to capture the wind or tap into the sun, so the cost of operating a renewable power plant should be 0 $/kWh, shouldn’t it?


      If you’re talking about residential solar, the answer lies in the economics of displacement.


      Let’s assume you are considering installing solar panels on your roof. If you are paying your electric utility 5 cents per kWh, you don’t care about how much it cost the utility to construct the power plant that generated your electricity. However, if you do install the panels, then in a sense you’ve become a utility yourself, and as such you do indeed care about the cost of construction (i.e., initial installation) of the solar system.


      Installation costs are typically evaluated by computing a “payback period” that compares the cost of the solar-generated power with that from your utility. The difference between those figures allows you to arrive at a length of time required to recoup your initial investment.


      That brings us to a classic business problem known as “make versus buy,” and when it comes to solar the question comes down to this: do I make my own electricity with a solar array or buy it from my local utility? Probably the most often used yardstick in making that decision is the payback period, or simply the number of years it takes for the savings from avoided utility bills to pay for the cost of the solar system.


      This sounds pretty straightforward, but beware—the assumptions you make about your energy needs, financing costs and especially utility rates can make a big difference. Then there is Uncle Sam, who currently is willing to cut you a break on your taxes to offset 30 percent of the cost of putting a solar system on your home. There’s a good chance that deal could get sweeter, given the emphasis on moving away from coal and other fossil fuels toward renewable energy.


      Our advice if you’re thinking about solar for your home is to do your homework. Make sure you know what rates are available from your utility and if they are likely to change in the near future. Find out about state and local programs to encourage solar, too—a number of municipalities are starting to offer financing arrangements to bring the up-front costs of solar way down.


      And be honest with yourself about how much juice your family is actually going to use. It is incorrect to assume that all homeowners looking to install a home solar system want to serve 100 percent of their total energy requirements with photovoltaics. It’s fine to get a system that meets half or a third or a tenth of your energy requirements—and in fact, in many states (including California) it’s much more economical (in either payback or return-on-investment terms) to just eliminate the “top tier” of electricity usage, since that’s the highest cost per kWh.


      In the end, though, most people who “go solar” do so for reasons that extend beyond simple economics. It’s impossible to arrive at an ironclad payback period because many of the variables might change over time (hence the term “variable”). Get the facts, ask questions, and then decide what role the “intangibles” should play in your decision.


      Solar Powering Your Home


      Actor Brad Pitt and his Make It Right Foundation brought together leading architects and displaced residents of New Orleans’s Lower 9th Ward following Hurricane Katrina. The foundation is funding green homes to replace those lost in the storm and the flooding that followed. A few of the houses were already built when Hurricane Gustav hit, testing the new buildings with 115 mph winds, but they all held up. Among the many green features, the homes sport solar PV systems on their roofs.


      Beyond the feel-good publicity, though, solar power’s appeal goes well beyond Hollywood celebrities. The advantage of solar power is that it is viable today both at residential and commercial scales. Now, we’re not going to give you a step-by-step how-to guide here, but if you’ve thought about solar, we do have a few suggestions before you get started.


      And just to be clear, when we say “solar thermal” in this section we’re only talking about hot water systems, not power plants. Though, if you happen to live on a big plot in the desert and have a few million to spare in your bank account, by all means start shopping for trough mirrors and steam turbines.


      Get an energy audit for your home.13 Before you do anything else, it’s important to get an energy audit done on your home so you can choose the right solar technology (PV, solar thermal, maybe both!). You can get an online audit done for free (see www.fypower.org/res/energyaudit/diy

      .html) or by calling your local electric utility company. The results of the audit will bear clues as to which solar technology is most appropriate to choose, not to mention other ways of cutting your energy expenses.


      Identify the right solar technology for your home. We hope this book has provided you with a primer on the different solar technologies. A typical home is rated at about 3 kW of power. This translates to about 300 square feet of PV panels. For additional information about the different solar technologies, you can also visit the Energy Efficiency and Renewable Energy office of the U.S. Department of Energy at www.eere.energy.gov/solar.


      Identify the right location for the solar panels on your rooftop. South-facing is best if you live in the northern hemisphere, but panels installed facing south, west, or east, angled between 5 and 30 degrees, can catch a healthy amount of rays nonetheless. Watch out for shade.


      Get your permits and rebates in order. Solar systems usually require a building permit, or maybe a land-use permit if they’re mounted on the ground. Your contractor should know what is required. Most states offer rebates for installing solar panels in your home. Good contractors handle this reimbursement process as well. To see what rebates governments and utilities are offering visit the North Carolina Solar Center and the Interstate Renewable Energy Council at http://www.dsireusa.org.


      Get interconnection with the utility. As long as your utility company offers what’s known as “net metering,” you can plug your solar system into existing power lines, which take over your electricity supply at sundown and on rainy days when your rooftop cannot generate adequate electricity. Some states allow you to get paid for excess electricity that flows back into the grid. Typically your contractor will handle this as well.


      Apply for your tax credits. Make sure you claim your credit on your federal income tax. Currently the benefit covers 30 percent of your out-of-pocket expenses (after rebates) for the solar system.


      How Much Longer Are Solar SubsidiesNecessary?


      The U.S. and numerous other countries offer a variety of subsidies for residential solar power. Advocates of renewable energy say that this makes sense for a number of reasons like advancing the technology, creating a market to bring prices down and reducing the use of fossil fuels. In the U.S., renewable energy sources were subsidized with $4.8 billion of taxpayer money in 2007, more than any other type of energy source.14


      What often gets overlooked, though, is that governments already subsidize the oil and gas industry to the tune of billions of dollars per year. It’s just that the subsidies are indirect. They might take the form of a loan guarantee or favorable royalty payments to states with oil reserves, things that don’t show up in analyses of direct subsidies.


      Japan introduced incentives for solar energy in 1994 and has seen the average cost of solar energy drop by a whopping 72 percent due to the expanded market availability and increased efficiency of distribution. As a result, solar is now cost-competitive in Japan, and the need for incentives is shrinking. Germany is following a similar path and has ambitions of relying solely on renewable energy sometime in the next 15 to 20 years.


      American incentive programs are increasing, too. In 2008, Congress passed historic legislation that extends the 30 percent federal investment tax credit for both residential and commercial solar installations for eight years. California’s Million Solar Roofs initiative is one example of a growing number of solar energy tax breaks being legislated at the state level. Municipalities are even getting into the act, creating financing mechanisms to allow people to lease solar systems and pay for them via their property taxes.


      So are subsidies really necessary? Advocates insist that tax breaks and subsidies are necessary to help fledgling technologies gain a foothold in the industry. And if fossil-fuel based technologies get subsidies, the reasoning goes, then it is necessary for renewable sources to get them as well in order to ensure a level playing field.


      On the other hand, renewable energy technologies do not have to receive government subsidies merely because the oil and gas industry has. It’s possible that solar could become cost-competitive simply via “organic” growth. Prices of photovoltaics are going down every year, and the cost of standard electricity is going up. If these trends continue, there will be a meeting point where solar power has the ability to compete against fossil fuels without subsidies.


      
        Additional Resources on the Web


        You can read about state and local incentives on the Database of State Incentives for Renewables and Efficiency (http://www.dsireusa.org/). As mentioned on their website, DSIRE is a comprehensive source of information on state, local, utility, and federal incentives that promote renewable energy and energy efficiency.


        The Energy Information Administration (http://tonto.eia.doe.gov/energy_in_brief/energy_subsidies.cfm) posts very useful information on various forms of government subsidies for energy. The report has details on the amount of subsidies per unit of production as well.

      


      The Future’s So Bright, I Gotta Wear Shades: The Future of Solar Technology


      There are many reasons why one can look forward to a brighter solar future. We’ll showcase a select few up-and-coming technologies that will give you a sneak peak at what’s next in sun power. Of all the technologies for generating electricity, solar energy does share some interesting characteristics with the semiconductor industry that provide the potential for rapid and sustained increased output at decreased costs. If these technologies make their way from the research lab to mass production, you might soon be wearing solar cell coated baseball caps to the ball game and charge your iPod and cell phone on the fly. So let’s take a closer look at the next generation of solar solutions.


      Next Generation PV Cells: From Plastics to Nanotechnology to Flexible Solar Sheets


      Crystalline-silicon solar cells are about 20 to 25 percent efficient at best; the ones deployed today in most rooftop systems are typically closer to 10 to 12 percent efficient. Beyond silicon, researchers are looking at various other materials to create solar cells.


      Organic solar cells are based on flexible plastic and can be manufactured cheaply. They can even be painted onto a surface. They’re not very efficient (only 3 percent), plus the organic material tends to break down in the sun, which is kind of a deal breaker.15


      Other research is ongoing to look into a number of new technologies, such as lenses, chemical dyes, multilayer cells and so-called “quantum dots” that trap more of the incoming sunlight.


      One such technology is called dye-sensitized solar cells or Gräztel cells (named after the inventor Michael Gräztel). Like thin film technology, these can be used in flexible sheets or coatings. Imagine a day when your solar cell–coated baseball cap powers the iPod and cell phone you carry, or the skin of a building powers the ventilation system. The main drawback is, once again, efficiency. Gräztel cells don’t extract much energy from sunlight and their performance drops after a relatively short time.


      Another promising PV cell technology already in use is thin film solar panels. The U.S. National Renewable Energy Laboratory (NREL) is working on new thin film solar technology that is close to the silicon-based variety in terms of performance.16 These thin film solar cells may one day be draped around everyday items like caps, blankets, roofs of cars, and so on. In large-scale production, thin film cells can be significantly cheaper per watt to produce than current crystalline-silicon cells.


      Multicrystalline silicon-based PV cells have reached 20.3 percent efficiency in the laboratory, but one commercially used thin-film technology known as CIGS has nearly matched that number at 19.9 percent.


      Keep in mind, too, that even a fraction of a percent makes a big difference over the decades of a panel’s useful life. Currently, silicon PV cells account for around 95 percent of the total solar market, but thin film is projected to take 20 percent (or more) of the total in just a few years.


      NREL researchers have also shown that nanotechnology may greatly increase the amount of electricity produced by solar cells. An NREL team recently found that tiny “nanocrystals,” also known as quantum dots (clearly, the better name for marketing purposes), produce as many as three electrons from one high-energy photon of sunlight. With current technology, sunlight is converted to at most one electron per photon. The rest is lost as heat. Quantum dots, in theory, could achieve efficiency levels of more than 65 percent, putting PV on par with even the most efficient conventional generation methods.


      Solar Technologies for the American GI


      U.S. soldiers’ packs weigh around 100 pounds but a good 20 pounds of that is used up by batteries. To lighten this burden, the Defense Advanced Research Projects Agency or DARPA has set a goal for researchers and industry to invent a solar cell technology that delivers 50 percent efficiency in energy conversion. The reduced weight is an obvious improvement, but when coupled with solar rechargers, the difference in combat could be huge as equipment like night vision goggles, GPS, and radios could be used for longer periods of time.


      In the lab, 40 percent efficiency in converting sunlight to electricity is considered the number to beat. DARPA’s objective, then, is quite a tall order when you consider that improvements of even one percent represent a major advance.


      
        Fun Fact: Recycling Silicon for Fun and Profit


        Researchers at IBM recently came up with a process to harvest scrap silicon from the computer industry and turn it into solar panels. The process won the Most Valuable Pollution Prevention Award in 2007 from the National Pollution Prevention Roundtable.

      


      Conclusion


      Without a doubt, there are significant hurdles that solar energy must overcome before it can be expected to compete at scale with traditional forms of energy. Boosting efficiency, bringing down cost, and overcoming variability are the big three. But there are exciting prospects on all of these fronts.


      Today, solar power is no longer a laboratory curiosity or a vanity project for hippie engineers. It is for real, and along with wind it represents the most likely first step toward a system of energy production that can survive in a carbon-constrained world.
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      Tidal Energy

    


    
      The signs of the zodiac are broken down into a few basic elements: fire, earth, air, and water. Ancient cultures used a similar organization of elements to explain natural phenomena. The Greeks added “ether” to the mix, but the idea is the same: that everything in the world is made up of some combination of these primary elements. This concept persisted until the Enlightenment when the birth of modern science paved the way to a clearer understanding of nature.


      In previous chapters, we discussed tapping into energy from “fire” (solar energy) and from “air” (wind energy). In this chapter, we will discuss energy from water, or ocean tides, to be exact.


      Energy from the Ocean


      We’re all familiar with tides, but what causes them? If you said the moon, you’re only partially right. Generally speaking, gravity causes tides but the gravitational forces come not just from the moon but the earth and the sun as well.


      Let’s start with the moon. As its relative position to a given beach changes over the course of the day, the moon literally pulls the ocean water toward it. So, when the moon is directly overhead, its gravitational force is strongest and the result is a high tide. Sounds simple, but what’s interesting is that the same thing is happening on the other side of the planet, except that it’s the earth’s own gravitational force that is pulling the water. This is why in most places there are two high and two low tides each day, one primarily driven by the earth and the other by the moon.


      The sun is the wildcard. Even with its massive gravitational pull, the fact that it is 92 million miles away means that it exerts just 40 percent as much pull as the moon, which is right in our celestial backyard at 233,000 miles away. Depending on its relative position in the sky, the sun can either amplify or mitigate tides. If, for example, the sun lines up behind the moon, you get the force of both bodies working together and the result is an especially high tide.


      The same is true if the sun is directly on the other side of the planet from the moon, in which case it augments the pull of the earth. If, on the other hand, the sun is at a right angle to the moon in the sky, it results in a “neap tide,” which is milder since the sun is partially canceling out the action of the moon and the earth.


      So, how much of an effect do tides have? Well, like most everything, it depends on where you are. In the middle of the ocean, tides can change the height of the ocean by up to 40 feet (not that you’d notice). At the shoreline the change can be even greater in areas like bays where the flow of water is restricted.


      “Ocean’s Five”


      OK, what if George Clooney and Brad Pitt only had three guys to help them take down a trio of Las Vegas casinos? Well, they probably wouldn’t have been able to pull it off, and the film Ocean’s Eleven wouldn’t have been nearly as much fun. But we humans have only come up with five technologies so far for tapping into the energy of the sea, so the title of this section is by necessity well short of a direct movie tie-in.


      From our earlier discussion of hydropower, recall just how forceful moving water is. The same physics are at work in tidal power, just in less obvious ways and with a few extra challenges to overcome.


      Tidal power can be classified into two main categories.1 Tidal stream systems work a lot like wind turbines except that instead of air, the stuff moving the turbines is water. These systems have a relatively light environmental footprint and are relatively inexpensive compared to other ocean power technologies. Tidal barrages still use moving water, but instead of using a constant flow they take advantage of the difference between high and low tides.2 They work more like dams, except they generate power regardless of which direction the water is flowing. As water flows toward shore during high tide, it passes through turbines, or is used to push air through a pipe to turn a turbine. The same thing happens when water flows out at low tide.


      
        [image: fig_3_1.tif]


        
          Figure 3.1 Tidal barrage. (Doug Jones)

        

      


      Constructing a “dam” of this sort across a tidal estuary is rather challenging, and consequently very expensive. Tidal barrages are also only effective when the water is flowing in or out (i.e., about 10 hours a day), so it’s not very practical as a constant source of power. On the other hand, tides are highly predictable, so there’s none of the variability that we associate with wind or solar.


      Tidal barrages, however, come with some serious environmental drawbacks. They can alter water levels in the surrounding inland areas and they can act as giant washing machines, churning up the water to the detriment of sea life. There are only two large barrages operating today, one in La Rance, France, and the other in Nova Scotia, Canada. Sites for new barrages exist, but the U.S. is notably short on good ones.


      
        Fun Fact: Did You Know?


        Researchers in France estimate that if tidal power were implemented on a wide scale, the interference with natural water flows would slow the earth’s rotation by 24 hours every 2,000 years. (Does that mean we wouldn’t get old as fast?)

      


      Tidal Fences


      Tidal fences work essentially the same way as barrages, except that they completely block the channel. The environmental implications of such a system are, shall we say, less than ideal, so tidal fences are not likely to be built across rivers. However, the use of them in channels between land masses is being considered.


      A tidal fence uses vertical axis turbines, much like the “propeller head” type of wind turbines we covered in chapter 1. In this case, the turbines are mounted inside a framework that spans a flow of water, as depicted in figure 3.2.


      Tidal Turbines or Offshore Turbines


      Tidal turbines are a new technology that can be used in many tidal areas, and you can think of them as underwater wind farms because the technology is essentially the same. None have been built on a commercial scale yet. Since water is roughly eight hundred times denser than air, it has the potential to generate much more electricity, but at the same time it puts far more stress on the turbine’s machinery. That means tidal turbines will need to be engineered to a much high degree of strength than their lightweight counterparts, and yes, it means they will be more expensive.


      
        [image: fig_3_2.tif]


        
          Figure 3.2 Tidal fences resemble vertical axis wind turbines. (Doug Jones)

        

      


      Wave Energy


      Ocean waves contain a tremendous amount of energy. Even a little two-foot roller can easily knock you over (we’re speaking from experience here). Though often confused with power generated from tides and ocean currents, wave power is distinct and different.


      Waves are generated by wind blowing over the surface of the ocean, so as long as we have wind and oceans, we’ll have waves. It stands to reason, then, if this energy could be captured somehow, it would represent a reliable and inexhaustible source of power. In fact, the total energy of the world’s waves has been estimated at between 2 and 3 million megawatts.


      Wave power is still in a developmental stage, mainly because capturing wave energy is rather tricky. You can derive power from waves in one of several ways: directly, by focusing the water itself to drive a turbine; indirectly, by using waves to fill a reservoir and then releasing the water through the same kind of turbines used in hydropower dams; or by having floating devices trap the back-and-forth motion of the waves and convert it to other useful forms of energy.


      The first kind is known as the oscillating water column method and works by using a column of water as a piston to pump air and drive a turbine to generate power. This type of device can be anchored to the seabed or it can be built on shore. This technology is still in its infancy, but is being advanced in places like Japan where native energy sources are desperately needed to reduce the country’s reliance on imported fuels.
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          Figure 3.3 The physics of one type of wave power device. (Doug Jones)

        

      


      Floating buoys are also used to capture wave energy and convert it to other forms of energy. When an object bobs up and down in the water, it moves around in the shape of an ellipse. The buoy can be designed to capture the energy produced by this movement.


      The third kind of wave power machine is a hinged contour device, which follows the motion of the waves and creates power by harnessing the motion at the joints. It looks a lot like an accordion or multi-fold closet door.


      Ocean Thermal Energy Conversion (OTEC)


      OK, so far all of our oceanic power sources have involved capturing the energy of the water itself. But the sea offers another energy-making prospect by exploiting the difference in temperature between warm water at the surface and the much colder water deeper down.


      Ocean thermal energy conversion or “OTEC” comes in two varieties: open systems and closed systems. We’ll start with the second one since it’s very similar to something we’re all familiar with, the refrigerator. A closed OTEC system is basically a fridge working in reverse. A fluid with a very low boiling point, like ammonia, is pumped through a system of pipes at the ocean surface where it warms up, boils and the resulting gas is used to drive a turbine. The gas exiting the turbine flows down to colder depths where it condenses back into liquid form and the process repeats.


      Obviously, this type of setup requires a certain amount of energy to run the pump, but the system as a whole produces a surplus of energy that can be sent back to shore via power cables. Understandably, there are practical considerations to be addressed (what if a whale bumps your generator?) but this setup would work in theory.


      An open OTEC system takes advantage of ocean water temperatures, but without the use of a working fluid like the ammonia. The fluid in this case is the water itself, which is pumped into a vacuum chamber. The very low pressure inside the chamber allows the water to boil at a much lower temperature and the resulting steam is used to drive a turbine.


      Now for the bonus—the steam coming out of the turbine condenses back into water, except now it is free of the salt and other materials it came in with. So, an open OTEC system produces not only power but also fresh water.


      
        [image: 3.4new.tif]


        
          Figure 3.4 Wave energy in this design is captured where the floating panels meet. (Doug Jones)

        

      


      Hybrid systems that combine both open and closed system technologies are also possible, but so far there have only been a few OTEC prototypes built.


      
        Fun Fact: Tidal and Wave Energy


        n A tidal power study conducted in the 1980s estimated the world’s potential ocean energy at over 330,000 MW.3


        n Southeast Asia could be a hotbed of ocean power thanks to a large number of straits and narrow passages between islands and larger landmasses.4


        n Tidal power technology isn’t rocket science, but it’s still expensive (where have we heard this before?) and the only large tidal plant working today is a 240-megawatt installation at the mouth of the La Rance river estuary in France. It’s been there since 1966.

      


      Conclusion


      Ocean power is still being developed, but it holds a lot of promise. The various technologies we’ve covered are all renewable and sustainable and they produce no pollution (with the possible exception of a leak of fluid from an OTEC facility). There are even potential benefits (e.g., production of fresh water) that extend beyond energy. Research is continuing, and a new generation of ocean power devices is becoming increasingly cost effective.
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      Biomass Energy

    


    
      Most people think of Michael Jordan as not only the greatest basketball player of all time, but also a genuinely nice guy. During his professional career, off the court, he was soft spoken and cut an elegant figure. On the court, however, it was a different story. Jordan was reportedly a master of trash talk, subjecting his opponents to a steady stream of verbal abuse that contrasted sharply with his clean-cut image.


      No one has yet figured out a way to convert that kind of trash into energy, but the more conventional kind is increasingly being used to do just that. And we Americans produce a lot of trash. The EPA estimates that the U.S. generates 200 million tons of waste every year,1 most of which winds up in landfills, recycling programs notwithstanding.


      Organic waste is biodegradable and has the ability to break down safely and essentially disappear into the environment as carbon, hydrogen, oxygen, and so on. Biodegradable wastes are 100 percent recyclable and comprise around 67 percent of the solid waste in a home (yeah, we were surprised at that number too, but it’s for real).


      One Man’s Trash Is Another Man’s Treasure: Introduction to Biomass Energy


      The term “biomass” refers to organic material that essentially represents a reservoir of trapped solar energy. Plants, for example, absorb the sun’s energy and that energy is passed on to animals and people when they eat plants. Turning biomass into energy is pretty straightforward: You burn it.


      Yep, it’s that simple. The material burns, producing heat that is used to make steam and . . . you know the rest by now, don’t you? Steam, turbine, electricity? Yes, like so many other types of generation it’s really all the same once you make enough heat to boil water. Biomass is considered renewable since trees and crops reproduce themselves, and it’s pretty likely that we will continue to produce waste.


      
        Fun Fact: Trash2


        n America leads the world in waste production at 4.5 pounds of solid waste per person per day; the average American will produce over 112,000 pounds over the course of his or her life.


        n The United States comprises 6 percent of the world’s population and produces 40 percent of its waste.


        n One third of all garbage thrown away by Americans is packaging.


        n Between Thanksgiving and the New Year, Americans throw out up to 25 percent more trash, amounting to a massive five million tons of additional refuse. The vast majority, about four millions tons, is believed to be made up of wrapping paper and shopping bags.


        n A disposable diaper takes 550 years to decompose, and an aluminum can takes 200 to 500 years while paper bags break down in about a month.


        n 84 percent of all household trash can be recycled.


        n Every ton of paper recycled saves 17 trees and avoids the use of 7,000 gallons of chemicals.


        Burying 15,000 tons of trash in landfills creates one new job, while recycling the same amount of trash creates 9 new jobs.

      


      Most biomass plants today rely primarily on industrial waste from places like saw mills and the like since they produce a steady supply of uniform material that’s easy to burn. However, there is another way to use biomass to produce energy that has attracted a lot of attention lately, thanks in part to some cute branding that refers to one method in particular: cow power.


      Whether collected from decomposing manure or just rotting trash in a landfill, methane can be captured and burned to generate electricity. Methane capture is becoming more cost-competitive, and also carries a compelling added benefit in the avoided release of all that gas into the atmosphere. Methane is twenty-five times more potent as a greenhouse gas than CO2, so diverting it into energy production represents a major improvement.


      A Bad Case of Gas: Livestock and GlobalWarming


      There is one hitch with animal-derived methane, and that is that manure from livestock gives off not just methane but carbon dioxide and trace amounts of hydrogen sulfide, which is particularly problematic because it is corrosive—not so good for turbines and other equipment. To be used in generating electricity, methane on the farm has to be purified, which involves using sophisticated scrubber technology to eliminate the impurities. Still, the technology is increasingly attractive to farmers since the power they produce can be used on-site to run the farm.


      Capturing methane from animal manure is a bit more complicated than simply holding a vacuum hose over a pile of dung. To make the process as fast and, shall we say, as bountiful as possible, the manure has to be stored in a warm (100°F) environment with no oxygen. This type of chamber is called an anaerobic digester, and is ideal for bacteria to break down the manure. The process releases a lot of gas, and about 90 percent of it is methane, which after going through the scrubber can be piped directly into a turbine or natural gas engine. The leftover material is still useful, too. The liquids are drained off and used as fertilizer, and the dried out solids can be used in compost or as bedding for animals.


      Methane capture is a particularly compelling proposition since it addresses global warming and climate change in two ways simultaneously. When you consider that there are 100 million cattle in this country today,3 the potential is staggering. And that doesn’t even count the pigs and chickens.


      On the other end of the cow, however, things are not so rosy. Cows produce an enormous amount of methane by burping. One animal puts out about 280 liters a day and U.S. cattle in total produce 6 million metric tons, again per day. No one has yet figured out a good way to capture cow burps, so this might be one emission source we just have to live with.

    


    [image: fig_4_1.tif]


    
      Figure 4.1 Diagram of a biomass processing plant. (Doug Jones)
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      Geothermal Energy

    


    
      Geothermal energy has been around since the earth’s formation and has been used by people for millennia. The word literally means “earth-heat,” which is a fitting description since the heat behind geothermal energy comes from deep inside our planet.


      You may recall from your elementary school science classes that the rock, soil, and water we know as “earth” are really just our planet’s skin, the crust. The continents float on a thick layer of molten rock called magma, and if you start digging into the earth’s crust, the closer you get to the magma, the warmer it gets in the hole.


      In fact, the temperature of the surrounding rock increases about 3°C for every 100 meters, or 5.4°F for every 328 feet.1 If that sounds like a lot, well it is. Ask anyone who’s ever worked in an underground mine. Even if it’s well below freezing at the surface, the work environment in a 1,500 meter (4,920 feet) mine can be sweltering. At 3,000 meters (9,850 feet) the rock is hot enough to boil water.


      Underground water sources sometimes come into contact with such hot rock, heating the water even beyond the boiling point. (It doesn’t turn into steam until it’s exposed to air.) If this super-heated water finds its way to the surface via cracks in the rock, you get a hot spring or a geyser depending on the particular characteristics of the rock formation.


      Tapping the Earth’s Heat: Geothermal HeatandPower


      And now, class, what do we know about heat and the production of useful energy? If you’ve read this far, you probably already have a good idea of how geothermal power works. But long before anyone ever dreamed of generating electricity from the earth’s hot springs, the water itself was used for bathing, cooking, and generally feeling better.


      
        [image: fig_5_1.tif]


        
          Figure 5.1 Two types of geothermal power plants. (Doug Jones)

        

      


      Even today, geothermal hot water is used to heat buildings, greenhouses and entire city blocks to say nothing of spas.


      Underground steam can also be used to generate electricity. A geothermal power plant uses the same steam turbine technology as a coal-fired plant, but the steam shows up ready-made by the earth via pipes placed into the ground. The white “smoke” that is typically seen rising from geothermal power plants is actually steam given off in the cooling process. The cooled water can then be pumped back below ground to be reheated.


      
        Fun Fact: “Steamy” Iceland


        [image: photo_5_1.tif]


        Figure 5.2 The Krafla geothermal power plant in Iceland.

        (Ásgeir Eggertsson/Wikimedia Commons)


        Our vote for the country with the most ironic name goes to Iceland. Its location in the frigid North Atlantic and its generally cold weather contrast sharply with the island nation’s vast geothermal resources. Iceland is home to at least twenty-five active volcanoes and all that nearby lava makes for a great number of geysers and hot springs. Geothermal power plants generate about one quarter of Iceland’s electricity, and a whopping 87 percent of the country’s buildings use hot water derived from geothermal heat.2

      


      Why Aren’t There More Geothermal Power Plants Around the World?


      Geothermal energy today accounts for less than half a percent of total energy consumption around the world according to the International Energy Agency.3, 4 Given the obvious benefits of geothermal, why don’t we get more of our energy from this source?


      In a word, geology. Iceland and certain other select areas (California has fourteen geothermal plants) are blessed with an abundance of geothermal resources. Unfortunately, the rest of the earth is not so lucky. Geothermal formations occur where the earth’s crust is thin, and where there is an accompanying supply of underground water. These formations can be rather delicate, however, and in fact some geothermal plants have been shut down due to earthquakes caused by the plant’s impact on pressure in the underground reservoirs.


      Drill, Baby, Drill


      Google’s mission is to organize the world’s information and make it universally accessible and useful. To do this, they employ extraordinarily sophisticated computer programs that can search, sort, index, and drill through mountains of raw data.


      In 2008, Google took its “drilling” in a completely different direction, announcing that Google.org will invest nearly $11 million in technology to expand the nation’s geothermal reserves.5 That’s more than the entire U.S. government spends on geothermal projects in a given year!


      The word drilling in the context of energy usually alludes to oil, but it has a role in geothermal power too.


      Geothermal power plants as we know them today are situated where the earth’s crust is thin and hot water and steam make their way to the surface easily. But the next generation of geothermal plants, called Enhanced Geothermal Systems (EGS), takes a more aggressive approach.6, 7 Rather than having the steam come to the power plant via natural forces, it is created by pumping water deep underground where it comes into contact with very hot rock and returns to the surface as steam.


      Scientists at MIT have estimated that an investment of $1 billion per year over 40 years could yield 100 gigawatts of new geothermal power.8 That’s pretty compelling when you consider the oil and gas industry has already developed highly advanced drilling technology. But while the basic technologies all exist, no one has yet stitched them all together in a demonstration project.
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      Bottle That Electron!

      (Energy Storage)

    


    
      The Energizer bunny is one of the most recognizable pop culture symbols for endurance, but it actually got its start as a parody of a TV commercial for rival battery maker Duracell. Even today, Duracell bunnies can be seen on European and Australian TV, but the Energizer bunny reigns supreme in the U.S.


      We’ve covered the renewable energy landscape and if there is one thing that comes up again and again as a stumbling block for these resources, it’s the fact that the energy they supply is variable. Photovoltaic cells do not produce electricity at night, wind farms do not generate electricity on calm days, and ocean waves have to be strong enough for them to be tapped into for electricity generation. The fact that renewables don’t make up a greater portion of our energy supply can be attributed at least in part to the lack of large-scale, economical energy storage.


      Let’s take wind energy for example. For the most part, wind farms in the U.S. are attached to power grids large enough to accommodate their fluctuations in output. This means that the local utility has other types of power plants ready to smooth out the variations in power created by a wind farm. Usually these are natural gas–fired plants that can ramp up quickly, within minutes. There have been incidents, though, where a lack of wind forced some electric utilities to cut power to big industrial customers.


      Energy supply from renewable sources can be spotty but our energy consumption needs on the other hand are 24-7. In fact, some proponents of nuclear power and advanced coal plants point to this particular deficiency with renewable energy as its Achilles’ heel. They insist that renewable energy will forever be a marginal provider of energy until we are able to generate a predictable stream of electricity to power our homes, offices, townships, and cities during the day and night, during windy times as well as dry and balmy times.


      Storing energy in large quantities is the key to making wind and solar energy more useful and for mainstream adoption of renewable energy sources generally. Much like the Energizer bunny that keeps our toys, flashlights, and calculators running, giant batteries offer one way to tap into renewable energy sources in a more predictable way. As we’ll see, though, there are other energy storage technologies out there that have nothing to do with drum-beating rabbits.


      Most all energy storage devices convert electricity into some other form of energy and quickly convert it back to electricity when needed. The energy is stored as chemical energy, mechanical energy, thermal energy (heat), or even light (as radiant energy).


      Some storage technologies are very mature while others are not quite ready for prime time. But our overview will give you a sense for what our world could look like a few years from today.1 Picture a whole slew of these storage devices sprinkled throughout our power grid, much like the tiny plastic homes and hotels sprinkled around the busy board layout of a game of Monopoly.


      Energy Storage Using Water: PumpedStorageHydro


      Pumped storage is a type of hydroelectric power plant, and is presently the most cost-effective way to store large amounts of energy.


      Pumped storage power plants have two lakes, one at a higher elevation than the other. The two lakes are connected by a tube called a penstock (picture a giant concrete drinking straw). A turbine is placed at the bottom end of the hollow tube. When the water is released from the upper lake, it rushes down through the tube towards the lower lake, thereby turning the turbine. This water has “moving energy,” also called kinetic energy. The water collected in the upper lake has “stored energy” called potential energy. The spinning turbines, in turn, drive the generators that produce electricity in the same way as any hydropower plant. The only difference is what happens to the water after it passes through the turbines.


      During periods of peak demand for power, water is allowed to drain out of the upper lake into the lower lake thereby generating electricity. Later, the water from the lower lake is pumped back to the upper lake using a giant pump. The pump motors are powered by electricity from the power grid and this process usually takes place overnight when the energy demand is not so high and electricity prices are lower.


      There are approximately 30 to 35 pumped storage power plants in the U.S. today. They are extremely effective and some of them can achieve maximum energy output within 16 seconds of starting up. As noted earlier, all hydropower plants are also very good at following the variations in demand over the course of the day, so they are also well suited to evening out the variations in output from wind farms.


      Energy Storage Using Air: CAES


      Compressed air can be used as an energy storage device. These devices are known in the industry by the acronym CAES, which stands for compressed air energy storage, and they work similarly to pumped storage hydro. During off-peak hours, electric power from the grid is used to compress air and pump it into an underground storage area, such as a cavern or an unused limestone or coal mine. When it is time to release the energy, the air that is trapped in the cavern is used to feed a gas-fired turbine generator which in turn generates electricity.


      Another approach uses wind turbines (instead of electricity from the grid) to run an air compressor inside a giant storage tank. The compressed air is released from the tank to generate electricity when needed by spinning a gas-fired turbine.


      Because a compressed air–fed turbine can power up faster than conventional power plants, it is ideally suited for use during times of very high energy demand. Compressed air storage sites have been up and running in Germany since 1978 and in Alabama since 1991.


      
        Fun Fact: Did You Know?


        Many dentists use equipment that is similar in concept to compressed air storage devices. The next time you are at your dentist’s office for a regular checkup, notice the many suction devices and drills on the chair. They are called pneumatic devices and are driven by compressed air as opposed to being run by electricity from the grid.
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          Figure 6.1 CAES systems store compressed air to be used

          to generate electricity later. (Doug Jones)

        

      


      Energy Storage Using Chemical Energy: Batteries


      Batteries provide power to a lot of equipment we use in our daily lives. From our automobiles to cell phones to laptops and flashlights, they are fairly ubiquitous. But have you heard of batteries that can power an entire city? (It’s true!) How about one that is the size of a double-decker bus? Giant-sized batteries supplying electricity to the electricity grid itself are a reality today.


      All batteries use some kind of chemical reaction to produce electricity, so they all work on the same principle as Volta’s “pile” of metal and acid-soaked paper did over two hundred years ago. However, the current only starts to flow if something connects the positive and negative terminals of the battery, like wires leading to your car’s starter, or the metal innards of a flashlight.


      Different types of batteries use different combinations of chemicals to power their reactions and produce electricity, each having their pluses and minuses (pun intended). Zinc-carbon batteries are what we all know as a standard battery, and they are used in most inexpensive AAA, AA, C, and D dry-cell batteries. Zinc and manganese oxide are used in common alkaline batteries like Duracell and Energizer. Lithium-ion batteries are the type found in hybrid cars and laptops.


      But when it comes to storing energy in massive quantities (such as powering an entire township), sodium-sulfur batteries seem to be a pretty good bet. Also called NaS batteries (for the chemical symbols for sodium and sulfur), they consist of liquid (molten) sulfur at the positive electrode and liquid (molten) sodium at the negative electrode. They use a durable porcelain-like material to bridge their electrodes, and generally speaking have a life span of about fifteen years. The batteries are typically charged from the grid at night, when energy demand and prices are low, and discharged during the day when power usage peaks, or in emergency situations.


      Japan has made substantial use of sodium-sulfur batteries in grid applications, enough to power 150,000 homes. American Electric Power, a major utility servicing eleven Midwestern states in the U.S., will soon have installed a total of 10 megawatts’ worth of energy storage devices throughout their service territory.


      On a dollars-per-watt basis, though, sodium-sulfur batteries cost (at $3/watt) about the same as building a new power plant. However, the technology is promising—sodium sulfur batteries are compact, long lasting and efficient, but they still have a long ways to go before the economics become viable.


      Energy Storage Using Mechanical Energy: Flywheels


      A flywheel refers to a large cylinder or wheel that is brought up to speed by a generator during the night. During the daytime, it runs a turbine, which generates electricity until the wheel decelerates.


      The flywheel system works on kinetic energy, which is the motion of the wheel. Think of it as a mechanical battery, spinning at very high speeds (>20,000 rpm) to store energy that is instantly available when needed. They are best suited for standby power applications. Flywheels are not built for long-term energy storage (“long-term” in this business being twelve hours), but they’re fine for evening out minute-to-minute variations in supply and demand on a grid. Despite their massive size, flywheels are very reliable and can run for years with almost no maintenance.


      Superconducting Magnetic Energy Storage(SMES)


      Now we’re getting into the Flash Gordon area of energy storage. SMES devices store energy in magnetic fields created by the flow of current in a superconducting coil that has been super-cooled. They are capable of delivering a large amount of power almost instantaneously, a major advantage over pumped hydro or CAES where there is a time lag while the water or air makes its way to the turbine. The only drawback with SMES devices is that the power they deliver is short-lived and thus only suitable for momentary adjustments in electricity supply.


      Supercapacitors and Time Travel


      There are far too many other emerging technologies to cover them all in this chapter. They include electrostatic capacitors that store energy as electric charge; electrochemical capacitors that can be charged and discharged hundreds of thousands of times in comparison to batteries, which can only withstand thousands of discharge cycles; supercapacitors that offer very high capacitance in a small package; the list goes on.


      Whether the winning technology will be based on an array of electrostatic nanocapacitors or plutonium-fueled portable flux capacitors (that’s fiction—remember Doc Brown’s time machine in Back to the Future?), all of them share common design goals such as high energy density, high power output, fast recharge and discharge capability, and of course the clincher, affordable cost.


      Conclusion


      According to the Energy Information Administration, the share of U.S. generation coming from renewable energy sources (including hydropower and biomass) will grow from 9 percent in 2008 to over 17 percent in 2035. Wind and solar energy contributed a meager 2 to 3 percent of total U.S. generation. From this modest starting point, there is no doubt that we can add at least an order of magnitude more renewable energy sources to our mix before energy storage becomes a serious constraint. But to entertain ambitions of dethroning “King Coal” (the source of half of the electricity consumed in the U.S), renewable energy sources have to be coupled with economically and technologically feasible energy storage devices.


      Dependability is a key issue for all energy sources. Coal, natural gas, and nuclear power plants have it. Renewable energy sources have less of it. If we could bank energy when it is abundant and inexpensive and release it at other times when needed, we would have a far more reliable and economical energy grid. It would be more environmentally sound too, as energy storage seems to be the linchpin of renewable energy’s success.


      Power outages are responsible for $80 billion in economic losses per year, according to studies done at the Lawrence Berkeley National Laboratory. Many of them are caused by trees falling on transmission lines, power surges from lightning strikes or unpredictable shifts in supply hurting the grid’s ability to meet energy demand instantaneously. When supply does not match demand by a wide enough margin, you have the makings of an outage.


      Using the right combination of energy storage technologies and distributed generation, utilities could also defer or possibly even avoid construction of new transmission lines, substations, and power plants.


      Energy storage devices sprinkled liberally throughout our power grid could ease pain on all these fronts, facilitating mainstream adoption of renewable energy sources and making our grid more reliable by greatly reducing the number and severity of small outages. Gas-fired power plants make up the vast majority of generation used to serve peak demand, so there’s an eco-friendly benefit attached to many energy storage technologies if they can replace those peaking units. However, only time will tell which technology (or technologies) will race ahead of the others to become economically viable for large scale adoption.
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      Energy and Transportation

    


    
      The screwball comedy of the 1980s Planes, Trains, and Automobiles showed the error-prone adventure of the main characters Steve Martin and John Candy as they work their way back home from New York to Chicago for Thanksgiving after every available mode of transportation fails them.


      So what do cancelled flights and traffic jams have to do with a book on energy? In a word, everything.


      Transportation is one of the largest users of energy and is also something of a barometer for energy costs in general. When the news reports shout “energy prices up,” they’re usually talking about gasoline, or more generally, oil.


      Of course transportation is not limited to automobiles and the energy that underlies it is not limited to petroleum. For the purposes of this book, though, we’ve elected to focus on cars for the simple reason that they represent the primary mode of transport for most Americans and they are also a flashpoint for a wide range of debate that connects energy to issues like land use, public safety, and the economy.


      In this part, we’ll explore the complex symbiotic relationship between energy and cars. Buckle up—this ride could get a little bumpy.
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        Land, Sea, and Air—

        Energy in Transportation

      

    


    Have you ever heard the expression, “drinking from a fire hose?” Well, that’s kind of what its like learning about energy and transportation. We could write a book—several books—just on this area of the energy world. Others already have, so rather than try to duplicate what they’ve done, we thought we’d focus on personal travel and people’s love affair with the automobile.


    However, any discussion about cars should be placed in some sort of context amid the other modes of transportation: air, sea, and rail. (Interplanetary and metaphysical modes of transport will not be covered.) So, what follows is a very brief stopover in the mass transit/cargo sector before we move on to a more detailed look at energy in automobiles.


    The First Vehicle


    OK, to be precise, human beings’ first mode of transport—one still popular in many locations today—was walking. After a while we figured out how to get animals to do it for us, and that worked pretty well. But the first big breakthrough in long-distance travel was the boat, and in particular the sailboat. To people with the ability to traverse thousands of miles in a matter of weeks, the world would never be quite as large again.


    When it comes to land transportation, you have to go back to 3500 BC for the earliest record of what might have been a wheeled vehicle, an image of a wagon with four wheels shown on a clay pot discovered in Poland. But humans were plying their local rivers, lakes, and oceans in small watercraft long before that.


    Energy Use in Ships


    There are over 55,000 merchant ships in operation around the world today, and collectively they handle over 90 percent of world trade, transporting every kind of cargo including energy (crude oil, liquefied natural gas).


    Most modern ships rely on some form of diesel fuel to turn their propellers. Diesel emerged as the preferred engine type for marine use in part because the engines don’t have spark plugs, which could be adversely affected by the moisture and salt in the air. You may have heard the phrase “bunker fuel” and this is a blanket term used to describe all kinds of marine fuel, whether marine diesel or the heavier #2 diesel. The term comes from the days of coal-powered ships when that fuel was stored in portside bunkers.


    All marine fuel is “dirtier” than gasoline or even the diesel we use in our cars—there are different regulations governing the emissions from seagoing vessels. Some ships even use heavy fuel oil that must be heated with steam in order to flow. In some areas (e.g., Alaska), ships are required to burn fuel with low sulfur content in order to cut down on emissions. In recent years, ships have begun to make use of gas oil turbines and even electric propulsion systems as an alternative to diesel.


    Fuel efficiency is very much a moving target when it comes to ships. There are many variables, and in the end, trying to compare ships and cars is a bit like comparing the proverbial apples and oranges. For starters, ships consume a lot of fuel, so rather than miles per gallon, we’re talking more about gallons per mile. Oh, and did we mention a mile isn’t really a mile at sea? A nautical mile is equivalent to 1.15 land miles because a nautical mile is actually a fraction of the circumference of the earth at the equator (1/21,600th to be exact).1 Speed, then, is not measured in land miles per hour, but in nautical miles per hour or knots.


    OK, so if we want to get even just a rough idea of fuel consumption in ships versus those in cars, what else do we need to keep in mind?


    Perhaps the most important variable is carrying capacity. Ships use a lot of fuel, but they can carry an enormous amount of weight, whether it’s cargo or passengers. Most fuel efficiency numbers for cars are calculated with two passengers in mind, but in the case of ships this capacity can vary widely thereby impacting the overall fuel efficiency. In fact, the Queen Elizabeth II has been estimated to have gotten about 18 miles per gallon per passenger at cruising speed.2 (The ship could carry 1,900 people and required a gallon of fuel to go 50 feet, or 0.00947 miles. Then you have to adjust for imperial gallons, and well . . . just trust us on this one.)


    Eighteen miles per gallon isn’t exactly outstanding in car terms, but we’re betting it’s higher than you would have thought for what was until relatively recently the largest passenger ship in the world. Some newer cruise ships utilize diesel engines to generate electricity which in turn is used to operate large electric motors that actually do the work of turning the propeller. This arrangement has a few advantages in addition to better fuel efficiency—which can be as much as 20 percent over conventional drive systems—including more room for passengers and cargo, and less vibration and noise.


    (Full disclosure: Bob’s employer, ABB, manufactures these systems and while he’s never set foot on a cruise ship, he still thinks electric marine propulsion is pretty cool.)


    Rail Travel


    It’s hard not to love trains, unless of course you happen to live near an active railway. We once shared an office situated a matter of yards from a busy railroad line in Oakland, California. The building was converted from an old cannery, and the only thing separating us office workers from the rumble of the freights going by was a thin wall of cinderblock and single-pane windows. Not especially good for conference calls.


    Rail travel, however, has had an enormous impact on transportation, and is poised for resurgence in our carbon-constrained future. But to start at the beginning, you have to think steam. Of course, the steam engine had been around for years before it was coupled to a railcar, but it wasn’t until 1797 that the first steam locomotive was built. Whether fired by coal or wood, the steam created would drive pistons in a reciprocating engine like the kind you find in automobiles except that the pistons move from the pressure of the steam rather than the pressure of expanding gases during combustion.


    The steam engine reigned supreme all the way to the twentieth century when steamers began to be replaced by diesel and electric locomotives, which still account for the vast majority of passenger trains today.


    To be clear, when we say “diesel” in the context of modern trains, we’re really talking about electric motors being powered by a diesel engine that generates electricity. “Electric” locomotives simply draw power from an overhead line or third rail rather than generating it onboard.


    There are certain advantages and disadvantages to both of these designs. Diesel locomotives are cheaper to buy, and are still relatively fuel efficient. According to the American Association of Railroads, a typical diesel train can move a ton of freight over 400 miles on one gallon of fuel. Diesels are also not susceptible to power grid disruptions since they make their own electricity.


    All-electric locomotives, on the other hand, are lighter in weight (no need for big diesel engines or fuel tanks), which allows them to travel at higher speeds. The current records for electric and diesel engines are telling in this regard: 320 mph for the electric and 148 mph for the diesel. Electric locomotives also benefit from having all the power of the grid at their disposal versus the limited supply of a diesel engine, which also contains a lot of moving parts and so requires a level of maintenance that electric trains don’t. Electrics are also quieter and produce lower energy losses in the form of heat, so more power gets to the wheels.


    Electrics seem to be the better pick, especially for passenger travel, so why don’t we see more of them? As you might have guessed, it often comes down to cost. The electric power supply needed to run all-electric trains requires more infrastructure than simply building the tracks. This might make sense in urban areas where power is easily accessible, but on long haul routes the up-front investment can be prohibitive.


    Trains using magnetic levitation (“maglev”) were conceived more than a century ago, but today there is only one in commercial operation, in China.3, 4 The idea is simple, really. One set of magnets on the train pushes away from another set of magnets on the track, allowing the train to levitate a few inches. Another system of magnets along the railway uses magnetic force in a push/pull fashion to move the train forward. The elimination of friction and the reduced weight of these trains make them highly energy efficient, but—here we go again—they are very expensive to build.


    Hybrid drive systems have also begun to appear in trains. Some “switching engines”—locomotives used to move cars around in a rail yard—have multiple engines on board that cycle on and off as needed. Others use a small diesel engine to charge batteries that in turn power electric motors. If this setup sounds familiar, it’s probably because it is the same concept that Chevrolet is using in its forthcoming hybrid car, the Volt.


    In fact, one of the key technologies behind hybrid cars owes its development to railroads. Regenerative braking captures the energy otherwise lost as heat through brake pads and rotors while bringing the vehicle to a stop. Trains have used this technique to recycle energy for many years, but it’s only been with the introduction of hybrid cars that the idea of “regen” entered into our automotive consciousness.


    The Efficiency Question: Apples to Apples?


    To say that it’s difficult to compare various modes of transportation, or even different vehicles of the same mode, would be an understatement. There are so many factors that go into determining the actual efficiency of a given vehicle operating under certain conditions, it’s almost impossible to arrive at a true apples-to-apples comparison. Trains are especially difficult to compare as their operating conditions, fuel type, and routes all vary widely.


    That said, it’s worth looking at a variety of reports to get a sense of the energy use question at least in broad strokes. Table 7.1 is derived from the U.S. Department of Energy’s (DoE) annual Transportation Energy Data Book for 2008. The figures for each vehicle type represent an average of the various cars, buses, trains, etc. currently used across the country.5
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        Figure 7.1 Carbon emissions from various modes of transportation.

        (Aviation Environment Federation [UK] and American Bus Association)

      

    


    The “vehicle MPG” is simply the fuel efficiency of the vehicle itself; “passenger MPG” accounts for the energy used per person in the vehicle. When you consider how many people the given vehicle is moving, some interesting things might happen to your impressions (vanpools are number one?! Really?). As the table shows, trains are terribly inefficient on their own, but when you factor in the hundreds of passengers they carry their actual passenger-miles per gallon of gasoline equivalent comes in at a respectable third.


    
      Table 7.1. Fuel efficiency in miles per gallon (or equivalent) of different vehicles


      
        
          
            	
              Mode

            

            	
              Vehicle MPG

            

            	
              Passenger MPG

            
          


          
            	
              Vanpool

            

            	
              14.2

            

            	
              87.0

            
          


          
            	
              Motorcycles

            

            	
              51.7

            

            	
              62.0

            
          


          
            	
              Rail

            

            	
              1.7

            

            	
              40.8

            
          


          
            	
              Cars

            

            	
              20.9

            

            	
              32.7

            
          


          
            	
              Personal trucks

            

            	
              17.0

            

            	
              29.2

            
          


          
            	
              Buses

            

            	
              3.1

            

            	
              27.1

            
          

        
      


      Source: U.S. Department of Energy.

    


    Again, DoE’s numbers represent an average, so if the U.S. were to implement more high-efficiency locomotives, more all-electric trains or maglev trains, the mpg equivalent for rail travel as a whole would increase. To illustrate how much difference there can be between averages and specific cases, and also between studies, check out figure 7.4 later in this chapter; it breaks down the various vehicle types into specific technologies and models.


    A Rail Travel Renaissance?


    Given the advance of technology and its impact on efficiency, rail travel could be on the brink of a major revival in the U.S., both in urban (e.g., subways, light rail) and long-distance (e.g., high-speed rail) transport. According to the Association of American Railroads, America’s freight rail system has improved its fuel efficiency by a whopping 85 percent since 1980. The graph below paints a compelling picture—miles traveled by our nation’s freight trains have nearly doubled but the amount of fuel used has barely risen at all.6


    Whether improvements of this magnitude are possible in passenger rail remains to be seen, but even the Department of Energy’s snapshot of our current transportation options is reason for optimism. What’s more likely to hold up growth in the U.S. passenger rail system (or as some might say, the implementation of a “real” passenger rail system) is the difficulty in building new rail lines, especially in more densely populated areas. If you think NIMBYism is bad for power lines, try siting a train track. Can you say court challenge?
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        Figure 7.2 Railroads today move almost twice as much freight using nearly the same amount of fuel as they did thirty years ago. (Association of American Railroads)

      

    


    Transportation Takes Off: Air Travel


    Many people know that Orville and Wilbur Wright invented a motor-driven flying machine that was the precursor to today’s airplanes. Some may also know that the Wrights’ day job was fixing bicycles, but we’re willing to bet most don’t know that the bicycle was, at that time, still a relatively new invention itself. The modern form (with pedals, chain, and rear-wheel drive) appeared less than twenty years before the first flight at Kitty Hawk in 1903.


    By contrast, it would be decades after its introduction that air travel would become the mass people-mover it is today. In the interest of brevity, we’ll skip directly to the jet-powered aircraft that most of us are familiar with. Those planes run on jet fuel, which began as kerosene or a gasoline-kerosene mixture and is much lighter than the heavy diesel used in ships. Jet fuel also contains additives to prevent sparking from static electricity and to inhibit corrosion of engine parts. Jet fuel typically makes up about 10 percent of the output from one barrel of crude oil, and as one of the lighter fuels its yield can be boosted slightly in the cracking process7 (for more on cracking and how to get more from a barrel of crude than you put in, see Volume 1).


    The cost of fuel is second only to labor in the airline industry, and the run-up in oil prices in 2008 produced a similar spike in jet fuel, as shown in figure 7.3. And, just like drivers in one region pay significantly more for gas than drivers in other regions, so too do airlines pay varying prices for jet fuel in different locations. The reasons are similar: limited refining capacity, limited storage capacity, and constrained distribution thanks to high mountains. All of these factors make jet fuel on the West Coast more expensive than the same product sold east of the Rockies.
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        Figure 7.3 Jet fuel prices have hit the stratosphere in recent years. (EIA)

      

    


    The U.S. is a net importer of jet fuel, using 1.63 million barrels per day while producing 1.44 million barrels. Airlines are understandably interested in reducing fuel consumption, in part because there is no viable substitute for jet fuel. The industry is also coming under increasing pressure to mitigate its CO2 emissions.


    Air travel, according to the industry, accounts for about 2 percent of global CO2 emissions, but the number of flights and passenger miles traveled is increasing every year. In fact, the Federal Aviation Administration predicts that passenger volume in the U.S. is set to double over the next ten years, and could even triple by 2025. Meanwhile, more and more people around the world are moving up the economic ladder to a place where air travel is within their reach. All of that spells trouble for an industry wedded to a fuel that produces three pounds of carbon in the atmosphere for every pound of fuel burned.


    Energy Deathmatch: Boeing 747 vs. Toyota Prius


    Let’s get ready to rumble. In this corner, from Yokohama, Japan, with a wheelbase of 106 inches and weighing in at 2,920 lbs, the world’s most popular hybrid car, the Toyota Prius. And in this corner, from Seattle, Washington, with a wingspan of 200 feet and weighing in at 393,000 pounds, the original jumbo jet, the Boeing 747.


    Are you kidding? This is David and Goliath. This is U.S. vs. USSR in hockey at the 1980 Olympics. The smart money is on the little guy, right? Not so fast—the real story is more complicated.


    According to aircraft manufacturer Boeing, the company’s flagship 747 uses about 5 gallons of fuel per mile. On a ten-hour flight, the plane might burn 36,000 gallons of fuel, which sounds almost unfathomable. (How does it even get off the ground with that much weight?) The Toyota Prius gets 46 miles per gallon (combined city/highway driving) according to EPA estimates.8


    But when you look at fuel economy per passenger, the 747 does pretty well. Even at only three quarters full (i.e., 300 passengers), the 747 is getting roughly 60 miles per gallon per person at cruising altitude, and around 48 mpg when you factor in taxiing, takeoff and landing. It’s also moving at a top speed of 550 miles per hour. Not bad when you compare it to the average car, which gets around 25 to 35 miles per gallon at 65 mph. Granted, most people drive faster than the speed limit, but that only makes the car less efficient.
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        Figure 7.4 Passenger miles per gallon (equivalent) across various

        types of transportation. (James Strickland)

      

    


    Now, the Prius is the most fuel-efficient production car on the road in the U.S. (pipe down Tesla fans—we’ll get to your dreamy roadster in a minute). But even with a highly speed-conscious driver, the Prius is still only about even with the big jet in fuel economy on a per-passenger basis.


    Of course, there’s a bit more to the fly vs. drive question.9 First, there are a lot of factors that impact the fuel efficiency of both aircraft and motor vehicles. Planes have a wide range of emissions and fuel economy, they fly a wide range of distances, and they do so with varying amounts of passenger and cargo weight. Cars are no less variable—just compare the Ford Focus to the Ford Excursion—and they are driven under similarly various circumstances.


    In terms of CO2 emissions, the playing field is similarly large. CO2 emissions for jet planes run from about 32 grams per passenger-kilometer to around 100 grams. Cars fall into a range of approximately 20 to 100 grams per passenger-kilometer. However, planes get an extra strike against them because they release their CO2 high up in the atmosphere, which in turn has an impact on how strongly the carbon affects radiation entering the earth’s atmosphere. This is known in the climate science world as “radiative forcing” and the Intergovernmental Panel on Climate Change has come up with a multiplier of 2.7 to account for air travel’s increased climate impact as a result of it. So, a gram of CO2 released at high altitude has about 2.7 times as great an impact as a gram of CO2 released at sea level.


    So, to more accurately compare the impact of emissions from traveling by plane vs. car, bump up the air travel option’s CO2 emissions by a factor of 2.7 and then compare it to the driving option. Bottom line: planes emit less CO2 than cars, but what they do emit has a much greater impact on the sun’s radiation and in turn on climate. On the other hand, if you’re just interested in fuel economy, you might want to reconsider that four-hour drive vs. one-hour flight.


    
      Fun Fact: Carbon Calculators for Air Travel


      Chooseclimate.org has a carbon calculator that accounts for takeoff, cruising, and landing to come up with a total emissions figure for any given flight. Full details are provided of the method of calculation: http://www

      .chooseclimate.org/(click on the “Flying off to a warmer climate” link).

    


    Fuel Costs for Airlines: How Do They Cope?


    Airlines. Except maybe for the phone, cable, or utility company, is there another industry that is capable of inspiring the same level of seething hatred among its customers? They overbook your flight, they lose your luggage, and on top of everything they have the nerve to charge you extra if you want to check a bag. Before you know it, we might have to drop a couple of quarters into a slot before using the toilet (you heard it here first).


    Flying today provides a very clear, if unpleasant, example of how closely energy and transportation are linked. Every time jet fuel prices go up by a penny per gallon, it costs a typical airline an extra $25 to $30 million per year because collectively the airlines use 2.5 to 4.0 billion gallons in a typical twelve-month period. A jump in fuel prices by 5 or 10 cents per gallon can financially cripple an entire company.


    The price of jet fuel in the U.S. rose by 115 percent between 2000 and 2007. By the spring of 2008, crude oil was scratching at the door of $150 a barrel and airlines were looking at massive cost containment efforts, rising fares and a very uncertain future.


    So how do airlines cope with this?


    Progressive airline companies have resorted to sophisticated financial techniques called fuel hedging to manage their unpredictable fuel costs.10 Hedge contracts are not that different from the auto insurance policy you have with your insurance company. You pay the insurance company a premium, generally every six months or so, and in return they will provide a specific amount of coverage for your car.


    In a similar way, hedging contracts allow airline companies to buy “insurance” against spikes in fuel prices. But the hedge contract requires an upfront cash payment (i.e., the “insurance premium”). Provided you can come up with the money, fuel hedging is an effective strategy and is employed not only by airlines but by electric utilities and trucking companies as well.


    There was one airline that played its hedging hand superbly during the recent boom in oil prices: Southwest Airlines.11 The company locked in fuel at a crude oil equivalent of $70 a barrel. As prices soared to double that amount, Southwest looked to be in the catbird seat. Ah, but how quickly things change.


    The financial crisis infecting the world’s credit markets soon spread to the wider economy and oil prices crashed. By the end of 2008, Southwest was still holding fuel contracts at $70 a barrel, but the market price had dropped so that the company was now paying 35 percent above market rates. There’s probably some kind of metaphor for this that combines Andy Warhol’s fifteen minutes of fame with the “what comes around” adage, but you get the idea.


    There is a second way for transportation companies to insulate themselves from fuel price fluctuations, and that is simply to invest in fuel efficiency technology. Boeing is doing just that with its new 787 Dreamliner. The mid-sized plane makes use of lightweight composite materials and more efficient onboard systems to improve its fuel economy by 20 percent over the company’s 767 model.
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      Fuels from Fossils (Revisited)

    


    
      OK, now that we’ve cruised through planes, trains, and ships, it’s time to settle in for a more in-depth look at the mode of transportation that is so dear to our modern lifestyle: the automobile. In this chapter we’ll focus on fuels derived from petroleum, including gasoline and diesel as well as some lesser known varieties. If you’re interested in alternatives like biofuels, head over to chapters 9 and 10 because this chapter is all about driving on petro-power.


      A Brief History of Fuels for Automobiles


      Humans have tinkered with various forms of energy to fuel transportation. From steam-powered boilers to portable windmills bolted to four wheels, early inventors attempted to tap into many different energy sources to drive wheeled vehicles.


      The Italians are known for producing vehicles that will compel middle-aged men to make questionable decisions with their retirement savings, but they don’t always deliver the highest level of cargo room or reliability. They got started early. The first to put his ideas on paper was Guido da Vigevano in 1335. His design featured a windmill type drive bolted to gears and wheels. Leonardo da Vinci designed a tricycle driven by a clockwork mechanism. Neither of these designs was actually made into a vehicle, but the Italian tradition in design was under way.


      During the 1670s, a Catholic priest named Father Ferdinand Verbiest, while a member of a Jesuit mission in China, is said to have built a steam-powered vehicle for the Chinese emperor Chien Lung.1 In the eighteenth century, various inventors built stationary steam engines but it was not until 1765 that James Watt successfully built the first pressurized steam engine.


      Vehicles powered by internal combustion engines got their start in 1862 when an inventor named Alphonse Beau de Rochas developed the precursor to the engines we know today. His process of bringing a flammable gas into a cylinder, compressing it, combusting the compressed mixture, then exhausting the spent gases came to be known as the Otto cycle, or the four-stroke engine.


      Why is it not known as the Rochas cycle, you ask? Well, de Rochas was a talented inventor but not so much of a businessman. He neglected to patent his design, but several years later in 1876, Nikolaus Otto did. De Rochas might have enjoyed bragging rights at the local tavern, but Otto had his meal ticket—or so it seemed.


      In fact, years later the work of de Rochas allowed entrepreneurs Daimler and Benz to break the Otto patent by claiming “prior art” from the de Rochas design. In a final twist, Karl Benz was ultimately credited as the inventor of the first “true” automobile (patented in 1886) since Daimler’s car was really just a horse carriage with an engine, whereas Benz’s had a chassis designed from scratch.2, 3


      A Fuel in Search of a Fire


      While all of this automotive tinkering was going on, the nascent oil industry was busy getting started in places like Pennsylvania, where the first U.S. oil well was drilled, and later in the massive fields of Oklahoma and East Texas. The oil market back then was a roller coaster, swinging wildly from boom to bust. By the early part of the twentieth century, however, there was so much oil being produced not only in the U.S. but globally, the depressed prices threatened to put many an oil man out of business. Then something wonderful (for the oil industry) happened.


      Automobiles had been around for decades by this time, but they were largely playthings of the rich. Most people got around on trains, streetcars, and horses. Henry Ford changed all that by introducing a car that was produced in such a way as to make it affordable for the middle class. The ensuing explosion of car ownership in the U.S. remains unmatched in history. The Model T was released in 1908 and by 1918, just ten years later, over 15 million had been sold, accounting for fully half the cars in the United States.4 From an energy perspective, the arrival of the mass market automobile was equally important because it created a huge market for petroleum fuels virtually overnight. The oil industry was saved!


      The symbiotic relationship between oil and transportation drove the U.S. economy and American culture itself through the rest of the twentieth century, and it continues to define much of our national identity today. The American Dream and the automobile are inextricably linked. The car, along with the interstate highway system, made possible the suburban landscape we know today. Whether or not that landscape represents the American Dream made real or a scourge on the face of the earth is a matter of opinion, but it is almost impossible to overstate the impact of car culture on our energy landscape.


      One last tidbit before we go, and it may come as a surprise. While Ford’s vehicles revolutionized personal travel, Henry Ford himself never envisioned his cars running on petroleum, at least initially. No, our great industrialist was also a major proponent of incorporating nature into industrial processes, and he saw ethanol as the most likely fuel for the automobile. That, of course, is another story that we cover in chapter 10.


      Today, close to 84 percent of crude oil is used for producing energy-rich fuels, mostly for transportation, and over 97 percent of automobiles run on petroleum. In the U.S., roughly two-thirds of the oil consumed each year is burned on the nation’s roads. Worldwide, motor vehicles number over 750 million, and that figure is expected to triple by 2050.5 It’s worth taking a moment to consider what our energy landscape would be like today had oil and the automobile not married so young.


      
        Fun Fact: Did You Know?


        Mercedes-Benz is one of the premier automotive manufacturers in the world, and thanks to its historical link to Karl Benz, it is also the world’s oldest continuously produced line of automobiles.

      


      The Butterfly Effect


      The tagline for the 2004 movie The Butterfly Effect reads, “Change one thing. Change everything.” Ashton Kutcher’s character suffers from memory blackouts during his childhood and later (painfully) realizes the impact of seemingly small, unrelated events in the past that trigger a series of aftereffects.


      In fact, the phrase “the butterfly effect” encapsulates a notion in chaos theory that suggests that small occurrences today can significantly affect the outcomes of seemingly unrelated events tomorrow.


      Such is life in the oil industry. The connection seems tenuous at first glance, but by now we’re all well acquainted with the effect of this particular winged son-of-a-caterpillar. For every $10 a barrel of crude oil price increase, gasoline prices at the pump rise by about 25 to 30 cents a gallon.


      On the demand side of things, oil consumption is what economists call “inelastic.” This means that the consumption of fuel is so essential to daily life that increases in prices only curb consumption marginally, if at all. Transportation illustrates this idea well. After all, you are very unlikely to suddenly start biking or riding public transportation to work immediately after hearing the morning news reports of cuts in crude oil production in the Middle East.


      At the same time, the fact that most people cannot easily curtail their consumption of gasoline means that even modest fluctuations in oil prices can produce disproportionate variations in prices at the pump. And that will in turn send a shockwave through the entire economy because everything is connected by energy, specifically oil.


      Consider that virtually everything you buy is shipped, flown and trucked using that same essential fuel. All of those businesses are committed to using petroleum. Now consider the cumulative effect of rising fuel costs as each maker of widgets must pay more for the sub-widgets he needs, and how each supplier of sub-widgets must pay more for the sub-sub-widgets they need, all because of rising transportation costs. By the time all those layers of additional cost are tallied up in the retail price of a finished widget, the impact of energy on transportation and the larger economy becomes obvious.


      
        Fun Fact: Did You Know?


        The Strait of Hormuz is a narrow passageway of water where the Persian Gulf empties into the Arabian Sea. It is considered one of the most, if not the most, strategic strait of water on the planet because through it passes much of the crude oil from Bahrain, Iran, Iraq, Qatar, Saudi Arabia, and the United Arab Emirates to the rest of the world. According to the Energy Information Administration, roughly 20 percent of the global oil supply and 40 percent of all seaborne traded oil (roughly 16 to 17 million barrels of oil) flows through the strait every single day.

      


      Gasoline


      One barrel of crude oil, when refined, produces about 20 gallons of finished gasoline (nearly half the total) and 7 gallons of diesel, as well as other petroleum products.


      Why is gasoline so dominant as an automotive fuel? For starters (no pun intended, really), there’s energy density—a measure of how much energy a given fuel delivers per unit of volume—and gasoline comes in at a fairly high 36.6 kWh/U.S. gallon. What that means is that one gallon of gas packs a pretty big energy punch, 42 percent more energy per gallon than ethanol and slightly less than diesel. Gasoline is also relatively stable—it will keep 60 days easily in proper storage containers—and though it is more volatile than diesel or jet fuel, it is still generally safe to handle.


      These characteristics give gasoline an advantage over other liquid fuels, but its place atop the transportation world could only have been made possible by the abundance of oil that in turn made gasoline cheap.


      Gasoline is really a mixture of ingredients. It starts with distilling crude oil, but other chemicals (most of which end in “–ene”) are added in the refining process. These additives appear in varying quantities depending on where the fuel is produced, and are used mainly to increase the octane level of the end product. Many of them are considered hazardous materials and are tightly regulated. Benzene, for example, is generally limited to 1 percent by volume in gasoline sold in the U.S. MTBE, used as an oxygenate, was originally a replacement for lead but was later found to have some nasty environmental drawbacks of its own with regard to water supplies.


      So why go to all the trouble to boost octane? Why not just use “virgin” gasoline distilled straight from oil?


      Octane, by definition, is the resistance to burn. The higher the rating, the slower the fuel will burn during the combustion cycle of your engine. If you’re scratching your head as to why you’d want the fuel to burn more slowly, bear with us—it really does make sense.


      If gasoline burns too fast it will actually detonate in the cylinder, which prevents the fuel from burning completely and can damage engine parts. Having the fuel burn more slowly allows the car’s engine to function properly and draw more of the energy out of the fuel. We’re talking milliseconds here when we say the fuel burns “slowly,” but it makes all the difference. High compression engines require higher-octane fuel because lower-octane gas simply won’t hold out long enough under the increased pressure.


      Contrary to popular belief though, putting high-octane gasoline in a “regular” car won’t improve your fuel efficiency, acceleration or emissions. Ideally, you want to match the correct octane rating of the gasoline to your car’s engine design to maximize fuel economy and lower emissions. The only time you may need to switch to gas with a higher-octane level is if your engine knocks.


      
        
          Fun Fact: Do Race Cars Use the Same Fuel We Do?


          NASCAR racers burn 110-octane leaded gasoline. In comparison, the “regular” gasoline that most of us purchase at the gas station is an 87-octane gasoline, and the highest octane available to consumers is still well below 100. Cars racing in the Indianapolis 500 burn pure methanol (a.k.a. wood alcohol).6 It can run at high compression ratios, meaning it delivers more power even if it contains only about half the energy of gasoline per gallon. The power of the fuel allows the racecars to accelerate quickly, but the lower energy per gallon means fewer miles per gallon of fuel. The decrease in range with methanol is not a problem for racecars though, since all the cars on the track are using exactly the same fuel.


          Methanol also has a nice safety feature—you can extinguish a methanol fire with water. Indy cars used to run on gasoline, but moved to methanol following a horrific crash at the 1964 Indianapolis 500 that killed drivers Eddie Sachs and Dave MacDonald. The black smoke from burning gasoline made it impossible for drivers to see what was ahead of them.

        


        
          Additional Resources on the Web


          Want to know where you can find gasoline for the lowest price in your area? Log onto the website for the American Automobile Association (http://www.aaa.com) and click on the AAA Gas Price Finder.


          This user-friendly application allows you to type in a home or office address and will locate the gas station offering the lowest price for gasoline within a 3 to 10 mile radius.


          GasBuddy.com is another site aimed at helping you find cheap gas prices in your city.

        

      


      Diesel


      Diesel engines were created by German inventor Rudolf Diesel toward the end of the nineteenth century. In 1898, Diesel was granted a U.S. patent for an “internal combustion engine,” and the first U.S. production of his design soon followed. His engines were used extensively in a variety of industries outside of transportation such as electric and water power plants, marine craft, mining, and oil fields. The diesel engines of today are all descended from Rudolf Diesel’s original design.


      What Makes a Diesel a Diesel?


      Ok, for those of us who didn’t take auto shop in high school (do they even have auto shop anymore?), we need to quickly explain the difference between a diesel engine and the more familiar gasoline variety. Gas engines are also known as spark ignition engines because they use a spark plug to begin combustion. Fuel and air are mixed together in the cylinder, the mixture is compressed, the spark plug ignites it and the resulting force turns a drive shaft.


      Diesels, also called compression ignition engines, work differently. They don’t mix the fuel and air beforehand, but rather compress the air first, raising its temperature to the point where the fuel will ignite spontaneously when it is injected into the cylinder. The rest of the process works essentially the same way as in gasoline vehicles where the engine turns a driveshaft that goes through a transmission and differential to power the wheels.


      Clash of the Fuel Titans: Diesel vs. Gasoline


      So which is better, gasoline or diesel? The answer depends on what part of “better” is more important to you. The basic tradeoff between our two great automotive fuel/engine combinations comes down to efficiency, emissions, and operating characteristics.


      Generally speaking, diesel engines are more efficient than gas, meaning you can go farther on a gallon. This is due to diesel’s greater density, both in terms of mass and energy. A gallon of diesel weighs more than a gallon of gasoline, so there’s literally more of it in the same amount of space in your tank. There’s also slightly more energy in diesel than in an equivalent amount of gasoline.


      In terms of emissions, diesels typically produce more particulate matter—the tiny pieces of unburned fuel in a car’s tailpipe emissions—than gasoline engines do because the fuel is less refined. So, while diesels get better mileage, they tend to emit more bad stuff. The higher fuel efficiency of the diesel engine results in lower carbon dioxide emissions per mile but the higher energy density in the fuel itself results in higher CO2 emissions per gallon burned. More recent designs, however, have improved emissions in diesel cars.


      In terms of operating characteristics, diesels have a few quirks that historically have made them relatively scarce in the passenger car market (at least in the U.S.—diesel cars have had more success in Europe). Because they rely on spontaneous combustion, they can be difficult to start in cold conditions. The air coming into the cylinder is not heated, and what little heat is created during combustion is quickly lost to more incoming cold air. For this reason, many diesel designs use electric heaters to either warm the cylinders (with so-called “glow plugs”) or the entire engine block in order to ease starting.


      As a fuel, diesel also competes somewhat with fuel oil (used in home heating) in terms of how much a given refinery can make from a barrel of crude oil going in. As a result, the price of diesel at the pump tends to rise in winter as more of the crude oil supply is being used to make fuel oil, whereas gasoline does not have a similar rival in the refining process.


      Why Is Diesel More Expensive Than Gasoline?


      Diesel fuel is cheaper to make than gasoline—it is, literally, less refined—and historically it has been cheaper than gas. In recent years, however, diesel prices have risen to the point where they are often higher than gasoline.


      What is driving diesel prices up?7 First, there is simple economics—in winter, demand for home heating oil competes with demand for diesel fuel, allowing refineries to charge more for diesel relative to gasoline. Second, as we noted in volume I, refining capacity has not kept pace with rising demand for all forms of petroleum products, gasoline and diesel included. Diesel also suffers from a bit of an inferiority complex in the U.S. as it is regarded primarily as a commercial fuel and is not used for passenger vehicles in nearly the same numbers as in Europe.


      Regulation also plays a role. The federal government has put restrictions on sulphur levels in diesel in recent years, which in turn made it more expensive to produce. Then there are taxes. At the time of this writing, federal excise tax on diesel stands at 24.4 cents per gallon, 6 cents higher than the tax on gasoline. It’s not hard to see how a “commercial fuel” with merely tens of thousands of users would get heavier tax treatment than a “people’s fuel” with millions of users (i.e., voters).


      Finally, while the demand for all fuels is increasing, there is an even greater demand for diesel outside the U.S. Diesel already accounts for over 30 percent of new vehicle sales in India, and that figure is expected to hit 50 percent in the next few years. China, too, has developed an insatiable appetite for diesel. So, the supply and demand balance for diesel has combined with a less favorable tax treatment and tightening regulations to push up prices, perhaps permanently.


      Natural Gas


      Natural gas is a remarkably versatile fuel, and is used in home heating, cooking, and a variety of industrial applications in addition to transportation. It has been found to be one of the most environmentally friendly fossil fuels thanks to its capacity for burning cleanly, and its popularity is growing. Auto manufacturers have produced natural gas driven cars for years, but historically more common applications are found in small vehicles that operate in a relatively small area, such as forklifts and those odd-looking special purpose vehicles scurrying around the tarmac at airports.


      All of these vehicles use compressed natural gas or “CNG,” which is stored in high-pressure cylinders. Several passenger vehicles are available today that operate on compressed natural gas. Some run on natural gas only and others can run on either natural gas or gasoline (called bi-fuel or flex-fuel vehicles). CNG is sometimes confused with liquefied natural gas (LNG). Chemically speaking, these two are the same thing, but CNG has a lower cost of production since it doesn’t have to be compressed and super-cooled into liquid form. On the other hand, LNG requires a much smaller area to store the same amount of energy—that’s why you won’t see CNG tankers on the high seas today.


      The main drawbacks to CNG as a vehicle fuel are range and safety. The energy density of CNG is a fraction of that for gasoline, and the fact that the fuel is stored under high pressure (around 3,000 psi) creates an inherent hazard for a motor vehicle. Still, for shorter-range vehicles like those mentioned earlier, it is a viable solution being used all over the world today.


      How Does CNG Compare to Gasoline as a Fuel?


      CNG has a number of big pluses as a motor fuel. It can be used in gasoline vehicles and even modified diesel engines, it’s clean burning, and it can be found in a wider variety of geographies than oil. The main drawback with CNG is operating range. Large storage tanks can be integrated into automobile designs to minimize their impact on storage space, but there’s no getting around the fact that CNG vehicles currently only go about half as far as comparable gasoline powered cars.


      Then there is the question of refueling. The amount of time it takes to fill a CNG storage tank depends entirely on how much pressure the gas is under in the main tank. Under high pressure (say, 3,000 to 4,000 psi), you could expect to fill up in a matter of minutes. At lower pressure, as with compressors intended for home use, it could take hours.


      Liquefied Natural Gas


      Liquefied natural gas is made by refrigerating natural gas to -260 degrees Fahrenheit to condense it into a liquid. This is called liquefaction, and it also takes out most of the water vapor and other impurities at the same time. LNG is usually more than 98 percent pure methane. The liquid form is far denser—both in terms of mass and energy—than CNG. That means LNG overcomes the range limitations of CNG-powered vehicles, though the fuel still has to be stored at high pressure.


      Despite these advantages, natural gas powered cars—whether CNG or LNG—still only number around 80,000 in the U.S.8 Compare that to the 200 million gas and diesel vehicles on the road. Why doesn’t natural gas make up a greater percentage of our national fleet? Well, in addition to the range and safety issues noted, there is also the small matter of distribution. Today, there are only 1,100 natural gas fueling stations in the United States compared to over 180,000 for refueling gasoline.


      Propane


      Propane is usually found in the same geological formations as natural gas, often mixed with it and petroleum. It is chemically similar to both, but propane can do tricks the others can’t. You see, under normal atmospheric pressure and temperature, propane is a gas, but if you apply a little more pressure and/or lower temperatures, presto! You’ve got a liquid. This characteristic has earned propane the nickname “the portable gas.”


      Thanks to this, propane can be easily stored as a liquid (think barbecue), which takes up much less space than its gaseous form—270 times less to be exact. A thousand gallon tank of propane gas might give you enough fuel to cook with for a week, but the same tank filled with liquid propane would keep you cooking for five years.


      Propane is a member of the liquefied petroleum (LP) gas family along with butane, ethane, and pentane. Propane is used so broadly that it’s often referred to as “LP gas.” So why isn’t propane used as a transportation fuel more often? The main reason is simply that it’s not as conveniently available as gasoline. It also requires engine modifications, and the cost of converting a gasoline engine to use propane is often prohibitive. Finally, there is a slight drop in miles per gallon fuel efficiency versus gasoline.


      
        Fun Fact: Did You Know?9, 10


        n There are over 200,000 vehicles on the road today that run on propane.


        n There are more than 3,000 propane fueling stations in the United States.


        n The cost of a gasoline-gallon equivalent of propane is generally less than that of gasoline.


        You can go to a website sponsored by the U.S. Department of Energy to find propane fueling stations across the country. Visit http://www.afdc

        .energy.gov/afdc/locator/stations/.

      


      Fuel Efficiency Standards (CAFE)


      Browse the section titled “Coffee Education” on Starbucks’ website to get a sense for how the Seattle coffee retailer has redefined every aspect of the coffee experience. The company has popularized an entirely new vocabulary replete with definitions for minutiae associated with a cup of joe, from how long the coffee beans and water should sit in direct contact with each other during the brewing process to tips on how to measure and assess the aroma, acidity, body, and flavor. For better or worse, the humble daily ritual of grabbing a cup of coffee has become near-synonymous with the retail chain’s branded piece of rolled-up cardboard.


      What we are about to discuss in this section, however, are the other CAFE standards, the ones that pertain to energy efficiency and fuel economy in passenger vehicles. But what on earth is “CAFE” and why should we care?


      CAFE stands for Corporate Average Fuel Economy and is the sales-weighted average fuel economy of a given manufacturer’s fleet of passenger cars and light trucks (i.e., pickups, vans) built for sale in the U.S. in any given year.11 OK, that’s a mouthful, but don’t worry, the basic idea here isn’t that hard to grasp.


      CAFE is simply the average mileage of a given manufacturer’s overall line of cars and trucks. It looks at vehicles that weigh in at less than 8,500 pounds, with some fancy math in there to allow for the different combinations of large and small cars from one company to another. The weight limit was intended to exclude large commercial and farm vehicles from the standards, though several large SUV models also fall into this category.


      Federal law in 2009 said that all manufacturers must have a minimum CAFE of 27.5 miles per gallon for cars and 23.1 mpg for light trucks. The Energy Independence and Security Act of 2007 changed the weight restriction so that beginning with the 2011 model year, all vehicles under 11,000 pounds will be subject to CAFE regulations. It also sets escalating minimums for trucks, with the figure for 2010 models being 23.5 mpg.


      Carmakers must offset sales of vehicles with lower fuel economy by selling more high fuel economy models to get the average for the company’s entire production to the magic numbers of 27.5 and 23.5 mpg. If they don’t meet these minimums, they have to pay a financial penalty. Conversely, manufacturers who exceed their requirements by improving fuel economy across the board earn credits which they can bank for up to three years to offset any later shortfall in standards. CAFE has special provisions to account for alternative and dual fuel vehicles, including hybrids and flex-fuel vehicles.


      
        Key Concept: CAFE Opens for Business


        The Energy Policy Conservation Act was passed shortly after the 1973–1974 Arab oil embargo with the goal of doubling fuel economy in automobiles by 1985 and reducing our country’s dependence on foreign oil. The law was enacted by Congress in 1975 and it established CAFE standards for passenger cars and light trucks. The goal was to create a level playing field among all car manufacturers while setting a high (yet achievable) bar for increasing fuel economy across the board. Automakers responded, and within a few years, Americans’ average fuel efficiency rose rapidly. Then the bottom fell out of the oil market and fuel efficiency remained essentially flat for the next twenty years.

      


      The CAFE program has been controversial since its inception. Some argue that the standards are outdated and need to be significantly increased. Some others argue that CAFE has failed dramatically.


      Advocates of CAFE will tell you that the standards have substantially improved fuel efficiency, and it’s hard to deny given the numbers of actual vehicles on the road. Estimates have placed the current national annual gasoline consumption at 14 percent lower than if the standards had not been introduced. On the other hand, these improvements have come at a cost in terms of higher vehicle prices for consumers and lower profits for manufacturers.


      Critics will also point to an increase in overall traffic fatalities following the adoption of CAFE. This argument says that the standards have forced carmakers to cut weight from their vehicles, making them less safe. Some lighter vehicles have higher fatalities in collisions with heavier vehicles. Further, any increase in CAFE standards will force manufacturers to put still more light vehicles on the road, thereby increasing the chance of a traffic fatality.


      
        [image: fig_8_1.tif]


        
          Figure 8.1 After remaining unchanged for years, CAFE standards were increased under the Energy Independence and Security Act of 2007. (NHTSA)

        

      


      Critics of CAFE also object to certain aspects of the rules themselves, such as the exemption of heavier vehicles from the standards, which they say undermines the effectiveness of the program.


      Allowing carmakers to trade CAFE credits among one another might allow more improvements to be made at a lower cost. Car companies that innovate to improve fuel efficiency could then sell their credits to another manufacturer for a price, and take that savings to the bottom line. Today, CAFE does not allow for buying and selling of credits.


      Alternatives to CAFE standards have been proposed that range from increasing fuel taxes to setting up cap-and-trade laws designed to limit carbon dioxide emissions from tailpipes. (We explain the cap-and-trade programs in more detail in Volume 1.)


      Who Calculates Fuel Economy and HowIsItDone?


      The procedures used to gauge fuel economy are set by the Environmental Protection Agency. This agency was created in 1970 as an independent regulatory body responsible for implementation of federal laws aimed at protecting our environment.
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          Figure 8.2 Fuel economy across all vehicles has improved

          only slightly in the past twenty years. (NHTSA)

        

      


      The EPA has long been criticized for using outdated test procedures for measuring fuel economy in cars, and indeed it is a rare case where an individual’s actual mileage matches that advertised on the window sticker.12 Why is this so?


      Mainly, it’s due to a host of 1970s-era assumptions made by the EPA when CAFE was conceived that don’t account for how people actually drive. Use of air-conditioning, driving uphill, cold conditions and traffic don’t exist in the world of EPA tests.


      In 2006, the EPA proposed adding test situations that matched real-life situations like high-speed driving, rapid acceleration, and stop-and-go traffic.13 This new system was first applied to 2008 models and was expected to reduce mileage ratings for many models by as much as 20 percent for city driving.14


      More information on EPA’s ruling can be found at http://www.epa

      .gov/fueleconomy/ and more information on fuel economies of vehicles can be found at www.fueleconomy.gov.
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      Biodiesel

    


    
      While there remains some debate about the particulars, virtually no one now contests the fact that fossil fuels are a finite source of energy and that someday we will indeed run out of them. Long before that, the price will likely become so high as to make oil impractical as a transportation fuel. This fact, reinforced recently by rising prices for crude and combined with global warming concerns, has led to increased interest in alternative fuels.


      “Alternative” fuels are generally understood to be renewable. The term “biofuels” refers to alternative fuels derived from crops or animals. There is a certain irony here in that oil is perhaps the ultimate biofuel, being derived from ancient plant matter, but it’s not really renewable on anything but a geologic timescale. You wouldn’t want to wait a billion years for your next fill-up.


      Two alternative fuels have emerged as the frontrunners in the biofuel market: ethanol and biodiesel. The first of these is perhaps more familiar to most of us, and we’ll cover that in the next chapter. But what, exactly, is biodiesel? The National Biodiesel Board provides the following definition:


      Biodiesel is defined as mono-alkyl esters of long chain fatty acids derived from vegetable oils or animal fats, which conform to ASTM D6751 specifications for use in diesel engines.1


      Got that? Yeah, we didn’t either. The term “biodiesel” in popular usage refers to fuels used in diesel engines but that don’t come from petroleum. There is a distinction to be made, though. Strictly speaking, “biodiesel” as defined by the EPA and other regulators must adhere to certain standards, and the used vegetable oil from your local burger joint won’t meet them. This so-called simple vegetable oil (SVO) can run diesel vehicles—it just isn’t legal to sell as a motor fuel, and it can cause problems in unmodified engines.


      You may have seen news stories about “french fry” cars running on discarded vegetable oil or even animal fats from restaurants, but these are typically hobbyists who make their own fuel. While it is relatively easy to convert waste oils like these, there just isn’t that much to be had. We eat a lot of french fries, but not anywhere close enough to meet the daily requirements of our diesel-powered cars and trucks.


      Commercial biodiesel is made through a chemical process that separates the glycerin from the fat in the oil. This process is called transesterification and at the end of it you wind up with methyl esters (i.e., biodiesel) and glycerin, which can be sold for use in a variety of other products, like soap.


      Where Does Biodiesel Come From?


      If you like Japanese food, you’re probably already acquainted with the primary source of biodiesel.


      Edamame are soybeans boiled in the pod, and they’re just one of a multitude of things made from this remarkable plant. Tofu, soy milk, soy sauce, soy nuts, soy ice cream—the list goes on, and we haven’t even left the kitchen. Soybeans are also the source for most of the biodiesel sold in the U.S.


      Like petroleum diesel, biodiesel is used in compression-ignition (diesel) engines. Today, it is typical for biodiesel to be blended with regular petroleum diesel to allow it to be used in conventional diesel engines. A blend of 20 percent biodiesel with 80 percent petroleum diesel is called “B20.” A 50-50 blend is called “B50,” and so on.


      B100 biodiesel may require certain engine modifications and is generally not suitable for use in low temperature conditions due to its thick consistency. Biodiesel acts as a lubricant as well as a fuel, increasing the engine’s ease of movement as it runs. In fact, the U.S. Department of Transportation estimates that a 1 percent blend of biodiesel could increase “fuel lubricity” as much as 65 percent.


      That sounds like a good thing, but biodiesel is also a solvent. It will eventually break down rubber components (e.g., fuel lines). Also, if you start running B100 in a diesel engine that has only ever seen petroleum fuel, pretty soon your fuel will start loosening deposits left behind by the petroleum fuel, potentially causing clogs. Biodiesel suppliers recommend changing the car’s fuel pump shortly after making such a transition from conventional fuel to biodiesel. On the other hand, if you run a diesel engine on B100 from the beginning, the fuel will leave no deposits behind, extending engine life.


      Using biodiesel also cuts down on emissions across the board (unburned fuel, carbon monoxide, sulfates, particulate matter), and the more you use the greater they come down. CO2 emissions are also reduced using biodiesel—by 75 percent using B100 and 15 percent using B20.


      Biodiesel also offers a few other notable benefits. For one, it’s biodegradable and breaks down four times faster than petroleum-based diesel. It also has a much higher flashpoint—300° F compared to conventional diesel’s 150°F—so it’s less likely to explode when exposed to high temperatures.


      Where Can I Buy Biodiesel?


      Biodiesel is available in all 50 states in the U.S., and the National Biodiesel Board maintains an up-to-date list of retail locations at www.biodiesel

      .org. The website also has a handy online tool to help you determine the reduction in your emissions footprint by switching to a biodiesel blended fuel from petroleum diesel.


      If you live in the South, you might see signs for a particular brand of biodiesel called “BioWillie.” It’s made by a company bankrolled by country music legend Willie Nelson that tries to support family farms with a new market for their soybean crop.


      Large Scale Economics of Biodiesel: Can It Replace Fossil Fuels Entirely?


      Biofuels, and biodiesel in particular, are very attractive because they can be made from renewable, natural sources right here in the U.S. The $64 question, then, is this: can biodiesel and biofuels generally replace gasoline and diesel in motor vehicles?


      The answer is along the lines of, “yeah, well, sort of, but not yet.” If you took all of the arable land in America—that’s around 470 million acres—and put it all into soy production, you’d be able to produce just about enough biodiesel to replace conventional diesel on the road.2, 3 So, while biodiesel offers many advantages, our current methods of production are simply not up to the task of knocking oil off of the transportation throne.


      Recently, however, research has begun on using algae to produce biofuels. This prospect is exciting for a few reasons. First, algae can be grown pretty much anywhere, eliminating the issue of taking farmland out of food production to grow plants for fuel. The potential yields are also much higher than with soybeans. One estimate indicates 15,000 square miles (i.e., the state of Maryland plus a couple thousand square miles), would be enough in theory to produce enough algae-based biofuels to fully displace diesel.4
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      Ethanol

    


    
      Introduction


      We’ve all heard the phrase “alcohol and driving don’t mix.” People who get behind the wheel after consuming alcohol can get into a lot of trouble. Even if they manage to avoid harming other people, vehicles get impounded, licenses get suspended, and even the occasional hotel heiress goes to jail.


      But what if the car is the one consuming the alcohol?


      Ethanol, the very same alcohol found in everything from vodka martinis to mai tais, is an increasingly popular fuel for automobiles. Ethanol has been in the news lately but in fact Henry Ford touted ethanol (or ethyl alcohol) as the “fuel of the future” way back in 1925.


      “The fuel of the future is going to come from fruit like that sumach out by the road, or from apples, weeds, sawdust—almost anything,” he said.1 “There is fuel in every bit of vegetable matter that can be fermented. There’s enough alcohol in one year’s yield of an acre of potatoes to drive the machinery necessary to cultivate the fields for a hundred years.”


      When Ford designed the Model T, he fully expected ethanol to become a major automobile fuel. It was easy to make, safe to handle and aside from some difficulty starting on cold mornings, it worked pretty well. However, as we saw in chapter 8, gasoline emerged as the dominant transportation fuel in the early twentieth century in large part due to the growing supply of inexpensive petroleum from domestic and foreign sources. Then came the oil crisis of the early 1970s and ethanol got a new lease on life.


      The Ethanol We’re Already Using


      In the U.S., we now consume more than 15 billion gallons of ethanol-blended gasoline a year, totaling 12 percent of all fuel sales.2 In the United States each year, approximately 2 billion gallons of ethanol are added to gasoline to increase octane and improve emissions.3 There’s a good chance you are using ethanol already without even knowing it. Many states in the U.S. blend small amounts of ethanol with gasoline to reduce the emissions the vehicles produce. The typical blend of ethanol and gasoline is referred to as E10 (as in 10 percent ethanol, 90 percent gasoline) but other blends with a higher percentage of ethanol such as E85 and even E95 are being tested. Those little bottles of “fuel system cleaner” people add to their tank are also mostly alcohol (isopropyl alcohol to be exact).


      
        Fun Fact: Which States in the U.S. Have

        Mandated Blending Ethanol into Gasoline?


        Ninestates have Renewable Fuels Standards that requirethe use of ethanol-blended fuel:4 Hawaii, Iowa, Kansas, Louisiana, Minnesota, Missouri, Montana, Oregon, and Washington. California does not require renewable fuels, but the state does have an oxygen standard, and the only substance for adding oxygen to automotive fuels that is approved by the California Air Resources Board is ethanol.


        Fourteenstates don’t require ethanol blending but have some type of retail incentives for it, whether for E10, E85, or both types of ethanol-blended fuel. They are Alaska (E10), Idaho (both E10 and E85), Illinois (both), Iowa (both), Kansas (E85), Maine (both), Missouri (both), Minnesota (E85), Oklahoma (both), South Dakota (both), Connecticut (both), Hawaii (both), South Carolina (E85) and Alabama (E10).

      


      Making Ethanol


      Ethanol can be made from any plant source that contains sufficient amounts of sugar (e.g., beets, sugar cane) or materials that can be converted into sugar such as starch or cellulose (e.g., corn). Cellulose, which is found in many grasses and woody plants, can be converted to sugar, but the process is more complicated and expensive than starting out with sugar.


      The typical ethanol production process starts by grinding up a feedstock, which in the U.S. is usually corn. The starch is then converted into sugar, which is used to feed microbes that metabolize it into ethanol and carbon dioxide.


      Ethanol contains 35 percent oxygen. The more oxygen present in combustion, the more completely the given fuel will burn, and that means less emissions. Not surprisingly, then, ethanol is often used as an oxygenate in gasoline blends as an alternative to toxic additives such as benzene, a known carcinogen.


      Ethanol is nontoxic, water soluble and it breaks down quickly. It poses no threat to surface water and ground water. When a gasoline spill contaminates soil or water, the ethanol is the first component to break down.


      Ethanol also reduces particulate matter formation by diluting aromatic content (e.g., benzene or other octane enhancers) in gasoline. These substances may help your car go faster and allow you to tap into your inner Cole Trickle (Tom Cruise’s character in Days of Thunder, remember?), but unfortunately aromatic additives have serious health effects ranging from damaging your bone marrow to depressing your immune system. That’s one kind of “aromatherapy” you don’t want any part of.


      Biofuels’ Potential


      According to a study by the National Resources Defense Council (NRDC), increased use of biofuels could deliver a range of benefits: cutting our transportation-related greenhouse gas emissions by 80 percent by 2050; providing a new source of revenue for farmers, to the tune of $30 billion a year by 2050; and putting unproductive farmland back into service with a minimum of requirements for water, fertilizer, and so on. The NRDC further asserts that if production ramps up, biofuels can be cost-competitive with petroleum-based fuels.5, 6, 7


      That’s a big “if,” to be sure. It has been done to some extent in other countries and we’ll talk about one in a moment, but it’s probably best to view the rise of biofuels as supplemental to gasoline and diesel, at least for now. Displacing those two outright will take decades, and will probably involve a range of alternatives (e.g., electric vehicles) in addition to ethanol and biodiesel.


      Flex-Fuel Cars


      Think of the flex-fuel cars program as a low-fat diet for vehicles. Running cars on carbohydrates (ethanol) instead of fossil fuels is the automotive version of consuming “good carbs” and staying away from “bad fat.”


      Flexible-fuel vehicles can run on pure gasoline, but are also capable of using up to 85 percent ethanol (E85). The only difference is that the more ethanol there is in the mix, the lower the miles per gallon. Running E85 will mean a 20 to 30 percent reduction in mileage. This is due to the difference in energy density between gasoline and ethanol, which we discussed in chapter 8.


      Flex-fuel vehicles look the same as regular cars, and many models are sold in the U.S. Perhaps you even own one already.


      Ethanol and Global Warming


      Compared to gasoline, ethanol is a much cleaner burning fuel. It releases less carbon dioxide into the atmosphere than fossil fuels. When blended with regular gasoline as an octane enhancer, it can cut emissions by over 50 percent. The added oxygen it offers also reduces carbon monoxide emissions by 25 to 30 percent, according to the EPA, and it cuts down on emissions of sulfur dioxide (think acid rain).


      All of these virtues aside, however, there is a debate about ethanol’s environmental credentials in terms of something called net energy.8 In other words, does it take more energy to produce ethanol than it delivers as a fuel? This issue is especially controversial in the United States as most ethanol here is made from corn, which using conventional farming practices requires a good deal of energy to grow. Plus, corn only gets you to starch that must then be converted to sugar before you get to ethanol, and that in turn requires more energy. So where does that leave us?


      On the “pro” side of the argument, there are a number of points in favor of ethanol. First, simply by replacing gasoline with ethanol one can reduce carbon dioxide emissions by up to 29 percent. There is also the concept of the carbon cycle. Being derived from plants, ethanol essentially soaks up CO2 during its “production” as growing corn stalks before releasing it as a motor fuel. The next generation of corn then grows using the CO2 from the last batch’s life as ethanol. Some studies show that this cycle is cumulatively positive over time, meaning more and more CO2 is being consumed than is put back into the atmosphere.


      The U.S. Department of Agriculture performed a study that showed ethanol delivers two thirds more energy as fuel than it required to be produced.9 Those impressive results were aided by a variety of factors such as no-till farming practices, higher yielding varieties of corn and generally more efficient processing techniques. The USDA further estimates that each BTU (British thermal unit) used to produce a BTU of gasoline could make 8 BTUs of ethanol.


      So all of this sounds pretty good, right? The problem, ethanol critics will tell you, is that modeling ethanol production and predicting net energy are highly complex undertakings, and that there is a great deal of variation in actual practice.10 For example, the “best farming practices” are not used in the majority of cases today. Corn-based ethanol in particular comes under scrutiny because of its lower net energy compared to ethanol produced from other feedstock like sugar cane that can skip the starch-to-sugar conversion step.
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          Figure 10.1 The carbon cycle. (Doug Jones)

        

      


      Also, agricultural systems release methane from the soil, which is more that 20 times as powerful as carbon dioxide as a greenhouse gas, and nitrous oxide, which is 300 times more powerful. Still, the benefit of no-till practices or the use of perennial crops to mitigate the release of these gases is short-lived. After about 20 years, the soil reaches a new equilibrium and will no longer absorb as much.


      So, like so many other questions we’ve endeavored to answer, the bottom line on the net energy of ethanol comes down to “it depends.”


      Brazil’s Sweet Success: An Ethanol Story


      What comes to mind when you think of Brazil? Carnival? Mojitos? Whatever might have popped into your mind, it’s probably not “energy independence.” OK, maybe it was, but moving on . . .


      Motor fuel sold in Brazil is at least 24 percent ethanol, and much of it is 100 percent ethanol. Today, more than 70 percent of new cars produced in Brazil are “flexible-fuel” vehicles that can run on either ethanol or gasoline.11 So how did this one country achieve such remarkable progress in moving away from fossil fuels?


      Brazil’s ethanol program originated in the 1970s in response to the Arab oil embargo and global uncertainties of the oil market. Yet countries wanting to follow Brazil’s example may be leery of following their method to a T because the road to the current state of affairs in Brazil is as bumpy as a jungle path.


      The first global oil shock in 1973 hit Brazil hard. At the time, the country imported over 80 percent of its fuel, and within months, the quadrupling of oil prices pushed the Brazilian economy into recession.


      Within two years, military and civilian leaders responded by laying the groundwork for a robust alternative fuel industry, mandating ethanol use, dictating production levels and establishing prices. The government started lending money at low interest rates for the construction of ethanol processing facilities. Brazil also funded research to develop a car that would run exclusively on ethanol.


      Just as these investments were beginning to pay off, in 1986 the price of oil plunged. Brazil’s economy then experienced a period of spiraling inflation that effectively killed off ethanol subsidies. To make matter worse, sugar cane producers started getting a lot more business from sugar mills due to a runup in the global price of granulated sweetness. The result was less sugar going into the ethanol industry, which created fuel shortages. You can imagine how public sentiment toward ethanol was affected.


      By the early 2000s, ethanol-only cars in Brazil dropped to around 3 percent of the market and it looked like the great experiment would fail. But decades of groundwork and investment in the infrastructure kept the ethanol industry alive. Producers refined their processes and lowered costs. Gas stations still offered ethanol, which continued to be taxed at a much lower rate than gasoline.


      As gasoline prices began to rise again—this time to stratospheric heights—ethanol rebounded and is available today at 29,000 gas stations nationwide. Compare that to the roughly 600 of America’s 180,000 stations. Ethanol accounts for about 20 percent of Brazil’s transportation fuel market, compared to a global average of 1 to 2 percent.


      Currently, ethanol production reduces petroleum imports to Brazil by about 200,000 barrels a day. Some estimates have put the avoided cost of petroleum fuels since the beginning of Brazil’s ethanol experiment at $120 billion. Ethanol has grown beyond the ground transportation industry in Brazil, and is now being used in the aviation industry in small planes such as crop dusters.


      So how does the evolution of the ethanol industry in the U.S. compare to that of Brazil? Can’t we just take a page from their playbook and start making cheap ethanol here?


      Not so fast. Brazil has a few important things going for it. First, as we noted earlier, it’s easier (and cheaper) to make ethanol from sugar than it is from starch, and Brazil has a lot of sugar. The national liquor is cachaca (pronounced ca-SHA-sa), which is fermented cane juice. Growing sugar cane in Brazil is less expensive too, thanks to plenty of land, adequate rain, and cheap manual labor that all help to keep costs down. By contrast, corn-based ethanol comes with a 30 percent premium over sugar-based fuel, and that only accounts for the differences in processing—labor and other costs aren’t even factored in.


      Still, Brazil has demonstrated that ethanol is a viable alternative to gasoline, and the rest of the world has taken notice. India is second only to Brazil in sugar production, and the governments in nine Indian states passed ethanol mandates in 2003 that call for gasoline to be blended with 5 percent ethanol (“E5” you might call it). India is also exporting ethanol to places that can’t produce it as economically. Japan, for example, is considering a 3 percent blending rule that on its own could translate into a 30 percent increase in global ethanol demand.


      Presently the global ethanol market is embryonic compared to that for the established fossil fuels. But with the converging pressures of climate change and energy security, many nations are already looking at ethanol as part of the solution.


      
        Fun Fact: U.S. Trade Barriers to Importing Ethanol


        The U.S. has set up a 54-cent-a-gallon tariff on imported ethanol designed to protect domestic producers who rely overwhelmingly on corn as a feedstock.

      


      Backyard Ethanol


      Want to make your own ethanol? We have good news for you. You don’t have to be a big corporation or the next John D. Rockefeller to make your own fuel. You can make it yourself in your very own backyard! Type in “make your own ethanol” on your favorite search engine and it will return links to a handful of entrepreneurs who sell stills or still-building kits to make ethanol in your own backyard.


      A typical process is one where yeast, sugar, corn, and water are mashed together and left to ferment for two days or more. The alcohol that is produced during fermentation is isolated using simple distillation. Just bring the mash to a boil and capture the vapors—when they cool, they’ll condense into a liquid, ethanol.


      If you do embark on this adventure in home chemistry, don’t forget to denature the end product by adding the appropriate ingredients to make it inconsumable by humans. Of course, if you skip the denaturing you would find yourself with something else, 180- to 190-proof moonshine. Remember, it’s against the law to manufacture your own alcohol without a permit, so be sure to get a “small fuel producer” permit from the U.S. Alcohol and Tobacco Tax and Trade Bureau (TTB) or you could find yourself in the slammer before you can say Cheers! Salud! or Kampai!


      Check out the following website before you start your own ethanol brewery: http://www.ttb.gov/tax_audit/permits.shtml.


      Cellulosic Ethanol: Panacea or the Real Thing?


      Once upon a time there lived two brothers named Grimm, and one of their fairy tales involves a poor miller who had a beautiful daughter. In a boastful moment, the miller tells the king that his daughter has a unique ability to spin straw into gold. The king calls for the girl, shuts her in a tower room with straw and a spinning wheel, and demands that she start spinning out the 24K twine or be locked up in the dungeon to die.


      The story of Rumpelstiltskin isn’t so far removed from the world of ethanol. Surely the fuel is valuable, but it’s not exactly easy to produce and comes with some baggage (see the food vs. fuel debate in this chapter). But there is another way to make ethanol that avoids these nagging issues and can even play a constructive role in land use. Cellulosic ethanol is “the other ethanol,” produced from all kinds of plant matter, even organic refuse. And boy, do we make a lot of refuse. Fifty years ago the average American generated 2.7 pounds of trash a day. Today, the average is 4.5 pounds.


      Some of this waste undoubtedly can be recycled, and some is. Some of it can be burned in a waste-to-energy power plant to generate electricity, and some of it—the plant matter—can be used to make ethanol.


      Cellulosic ethanol is produced from the stalks and stems of plants as opposed to sugars and starches as with sugar cane, beets, corn, and other typical feedstock. Making ethanol from grass, agricultural waste, and forestry waste, in theory, would not be as expensive and energy-intensive as farming corn. Plus, economists say that forests (especially the plant waste) don’t compete for land with food crops like corn, rice, and wheat. Still, cellulosic ethanol presently costs around $2.20 a gallon to produce, roughly double the price of corn ethanol.


      There are a few approaches to manufacturing cellulosic ethanol. Some apply heat and pressure to the waste wood and grass to turn them into a gas, and then apply a chemical catalyst to convert the gas into alcohol vapor, which is then condensed into the liquid fuel. Others employ a process that uses enzymes to convert the agricultural waste directly to ethanol. To the extent that these new processes require less fossil fuel to create the ethanol, they can even have a bigger effect in reducing greenhouse-gas emissions than corn ethanol.


      Washington’s Role


      In his 2007 State of the Union address, then-President Bush unveiled his plan for strengthening America’s energy security. Dubbed “Twenty in Ten,” the plan called for reducing U.S. gasoline usage by 20 percent in the next ten years. Among other things, it set a mandatory production target of 35 billion gallons of alternative fuels in 2017. If achieved, this would displace 15 percent of expected annual gasoline use.


      As a point of comparison, the Energy Policy Act of 2005 set a target of 7.5 billion gallons of renewable fuels by 2012, a benchmark that we’ve already surpassed. The current ethanol production capacity in the U.S. is more than 11 billion gallons a year. But according to industry experts and environmental groups, getting from there to 35 billion gallons will require loan guarantees and other government incentives.


      American farmers have explored new markets for alcohol-based fuel four times in the past 125 years. The first was around 1906; the second time was in the 1930s—with Henry Ford’s blessing and support. The third was during the oil embargo of the 1970s and the fourth was in 2007 with crude oil prices on their way north of $100 a barrel. Since then, oil has plummeted to $40 a barrel and returned to its resting point as of this writing at around $85 a barrel. Will this boom and bust cycle in oil crash the global ethanol industry like it did in Brazil? That probably depends more than anything else on government policy and incentives until another rise in oil prices reignites the search for alternative fuels.


      What Is the Food vs. Fuel Debate?


      Quick, think of a food that says “summertime.” We’re betting that some of you thought of corn on the cob, and with good reason. Corn is steeped in America’s history—culinary and otherwise—but it has now become the very bedrock of our food industry. Call it a “superstaple.” If you were to look at the ingredients of every single item in your grocery store, you would find corn or some derivative of it on the list of one out of every four packages.


      In addition to the snack food aisle, corn has found its way into beer, vitamins, soaps . . . the list goes on. Even the aspirin you pop to relieve a headache has corn in it—starch used to make the film that covers the tablet.


      So what’s the problem?


      Today, ethanol in the U.S. is made mostly from corn, and the price of ethanol as a fuel can be very unpredictable and volatile (as all fuel prices are volatile and unpredictable). Simple economics states that the use of corn for fuel in addition to all those other uses makes corn a more precious commodity. The more precious a commodity, the pricier it gets (remember the craze for “retired” Beanie Babies back in the 1990s?). If the miracle grain that winds up in 25 percent of our food products goes up in price, there’s a good chance your grocery bill will too, depending on what you buy.


      Corn is also widely used as feed for livestock, so an increase in corn prices will impact the cattle rancher and hog farmer too. The result, according to some, is that a substantial increase in ethanol production will drive up prices in food due to the increase in the price of corn, not to mention the potential for corn to displace other food crops in the field and thus drive up their prices as well.


      For their part, ethanol producers dismiss such claims as propaganda. As an example, a six-pack of soda contains about 6 cents worth of corn sweeter. A $5 bucket of movie theater popcorn contains just 0.15 pounds of corn before popping. Based on an average 9-cents-per-pound rate that farmers made on the corn, that bucket contains slightly more than a penny of popcorn. Higher corn prices means the moviegoer may now have to pay about 2 cents of popcorn per bucket, instead of one.


      While corn prices certainly have an impact on food prices, we’d humbly suggest another fuel be considered in this debate: oil. Our entire food production and delivery system is dependent on oil and while we haven’t run the numbers, it wouldn’t surprise us at all to learn that an increase in the price of oil will have a far greater impact on food costs than an equivalent increase in the price of corn.


      Methanol


      While ethanol gets all the attention, we can’t overlook another member of the alcohol family in our discussion of alternative fuels. Methanol (aka “wood alcohol”) can be made from plant material, and it can even be derived from coal. Presently, the U.S. produces one quarter of the global supply of methanol, mostly by deriving it from natural gas, though it is hardly used in vehicles outside of racing circles.


      Methanol is separated chemically from ethanol only by a few atoms (two hydrogen, one carbon, in case you’re interested), but unlike its socially effervescent cousin, methanol is very poisonous. As a motor fuel, it also has a few drawbacks. One is that it is corrosive to some metals, including aluminum. As a result, conventional gasoline engines must be modified to burn it. After all, it’s not so good for your fuel to eat your car.


      Also, due to its toxicity and solubility in water, there is a considerable risk of ground water pollution if methanol were to be adopted on a wide scale. Just look at what’s happened with MTBE, once a “good guy” additive used to reduce emissions and now a “bad guy” thanks to leaking underground tanks that contaminated well water.
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      Hybrids, Plug-Ins,

      and Electric Vehicles

    


    
      By now, we’re guessing that you’ve probably heard of hybrid cars. Indeed, these vehicles have arrived—in more ways than one.


      For example, what do the Toyota Prius, a cup of Starbucks coffee, the Motorola RAZR phone, and McDonald’s fries have in common? They are all tokens in the Monopoly board game’s “Here and Now” edition, which replaces the traditional game pieces with more recognizable twenty-first-century icons.


      During the highly publicized California recall election for governor in 2003, an unexpected rivalry emerged between actor-turned-candidate Arnold Schwarzenegger and political commentator-turned candidate Arianna Huffington. After learning of the now-governor’s declared candidacy, Ms. Huffington observed, “This race will be the Hummer versus the Hybrid.”


      Cynics everywhere were rubbing their hands with glee when Al Gore’s son was caught in early 2007 speeding at over 100 mph driving a Toyota Prius with a cocktail of prescription drugs on board, as they hoped to tarnish Gore’s whiter-than-white (or should that be greener than green?) reputation. But ironically, the bigger response to the story has been “A hybrid can go that fast? Really?”


      In this chapter we will give you the scoop on hybrid cars, but first we need to spend a little time on electricity and that’s why we’ve lumped all-electric vehicles in here with their hybrid and plug-in cousins.


      Electricity in Automobiles


      Electricity has been used to power cars for well over a century. Electric vehicles (EVs) work by storing energy from an external source (e.g., the power grid) as chemical energy inside of a battery. The energy is released—or discharged—from the battery to run an electric motor.


      In the late nineteenth and early twentieth centuries, it was the battery-powered electric vehicle that came to the rescue of ordinary citizens who were at that time reliant on horses and horse-drawn buggies for short-distance personal transport. In fact, battery electric vehicles even predate gasoline-powered vehicles.


      Ironically, electric motors contributed to the fall of the very cars they powered.1 In 1913 Cadillac introduced a gasoline-powered car with an electric starter, thus relieving drivers of the onerous and sometimes even dangerous task of crank-starting their engine. That gave the internal combustion engine vehicle an advantage, and with the abundance of cheap gasoline to fuel it, the car design we know so well today pulled away from its electric forerunner.


      Electric vehicles do not produce any tailpipe emissions since they don’t have a tailpipe. They can be up to 99 percent cleaner than conventional vehicles, even when you take into account the emissions of the power plants that generate the electricity used by the car. Even if your EV is recharged using coal-fired power, it can still cut global warming emissions by as much as 70 percent over gasoline-powered vehicles.


      The first-generation EVs had a real-world driving range of 50 to 80 miles. Advances in battery technology now permit electric cars to travel well over 200 miles on a charge. Electric vehicles also have a few interesting characteristics. They are very quiet, and at rest make no sound at all. Electric motors require no gears and deliver all of their available torque immediately, even from a standing start. That allows them to accelerate far more rapidly than conventional cars. In racing jargon, they are “fast off the line,” and if you want proof just have a look on YouTube for videos showing a drag race between a General Motors EV1, a Mazda Miata, and a Nissan 300Z. We’ll be nice and just say the gas burners didn’t win and leave it at that.


      So, why aren’t electric vehicles used more broadly today?


      EVs (also known as battery electric vehicles or BEVs) made a comeback in the 1990s following the California Air Resources Board’s (CARB) requirement for a minimum number of zero-emission vehicles to be introduced in the state every year.2 However, the EVs died a second death after CARB withdrew their requirement following complaints by auto manufacturers that the requirement was economically unsustainable due to insufficient demand. The rise and fall of General Motors’ EV1 is the subject of the 2006 film, Who Killed the Electric Car. In an ironic twist of events, more than a decade after the death of the EV1, General Motors announced the 2010 launch of the all-electric Chevrolet Volt in an effort to reinvigorate its lineup.


      The future of all-electric vehicles is still somewhat cloudy at this time. With one or two notable exceptions (see next section), all of the major auto manufacturers put an end to their EV production lines. However, there is no denying that the development of the electric vehicle has made important contributions to advancing the drive train and energy storage technologies that are behind today’s hybrid vehicles.


      Will all-electrics make another comeback? It may already be underway. Nissan recently introduced the Leaf, an all-electric vehicle that with U.S. tax incentives will sell for between $20,000 and $25,000. Other carmakers are working on all-electric models, too. Still, there are issues of cost (the batteries aren’t cheap) and driving range that could put a drag on the EV’s glorious return.


      Tesla Motors


      Let’s say you’re an Internet billionaire. You’ve built up one of the biggest web businesses on the planet and now you’re looking for something to do next. If you’re Elon Musk, co-founder of PayPal, you might start a new car company.


      Tesla Motors, which takes its name from the nineteenth-century scientist who first advocated use of alternating current (among other things), is producing the world’s first modern line of all-electric vehicles.3 The first model is a low-slung sports car that has the distinction of being faster than just about anything else on the road (zero to 60 mph in less than four seconds). At over $90,000 they’re not intended for the masses, but the car has generated a tremendous amount of buzz (some might call it hype). If nothing else, Tesla has reignited the idea of the electric car in the popular imagination as something more than a technological curiosity.


      Tesla’s next model is a high-end sedan, which as we write is still in development. And a more affordable four-door is up next. The line forms to the left.


      What Is a “Hybrid” Anyway?


      A hybrid vehicle is simply one that combines two or more sources of power. Most of us think of “hybrids” as cars that run off a rechargeable battery and gasoline as their two sources of power since these have been the type marketed by automakers over the last several years.


      Hybrid cars work by splitting the drive duty between an internal combustion engine and an electric motor. The electric motor provides torque at low speeds and an extra boost for, say, driving up a big hill. Shifting between the two power sources is automatic; the driver may not even be aware of it except perhaps for the sound of the gas engine kicking in at low speeds.


      
        To Jay Leno, Electric Cars Are

        “The 100-Year-Old New Idea”


        He is very excited about the current interest in alternative fuels for vehicles, but for Jay Leno alternative-fuel cars are yesterday’s news. Why? The late-night TV host and avid car collector owns several vintage electric vehicles. In the May 2007 issue of Popular Mechanics magazine, Jay writes about his prized EVs. One of them, an Owen Magnetics, with a gas engine and an electric generator, can even be considered an ancestor of today’s hybrids—it uses the same principle as the forthcoming Chevy Volt.


        But Leno believes that battery technology has not progressed enough in the last 100 years. He is able to get 100 driving miles out of his hundred-year-old Baker Electric vehicle. Not much different from what you can get out of a modern electric car on a charge.


        For links to the original article in Popular Mechanics, go to http://www

        .popularmechanics.com/automotive/jay_leno_garage.

      


      Most hybrids tend to have better gas mileage in the city since the stop-and-go environment is where the electric motor really shines. They still get good mileage compared to conventional cars at highway speeds, but there the advantages of the electric motor have less of an impact.


      This partnership between gasoline and electricity represents the design behind all of the major hybrid vehicles being sold today. The Toyota Prius, the Honda Civic hybrid, the Ford Escape hybrid—all of these use the gas-electric arrangement.


      The Chevy Volt operates on the same basic principle—it uses an electric motor and a gasoline engine—except that the electric motor is the primary power source and the gasoline engine is there simply to recharge the battery. This design puts gasoline in a supporting role, drastically reducing the amount consumed per mile. The Volt reportedly will get in excess of 150 miles per gallon.


      Plug-in Hybrid Electric Vehicles (PHEVs)


      Plug-in Hybrid Electric Vehicles (PHEVs) work just like other hybrids, but they also have the added feature of an extension cord. You can plug them into any power outlet and recharge the battery. The result is that the battery can be used more heavily, thus further reducing the amount of fuel used by the gasoline engine.


      Presently, Toyota has plans for the next iteration of the Prius to come with available plug-in capability, but up until now PHEVs had to be made using upgrade kits that cost between $5,000 and $12,000 and voided the manufacturer’s warranty.


      Batteries


      Batteries, as mentioned earlier, store energy in chemical form that can be released on demand as electricity. This electrical power is used by the car’s ignition system for cranking the engine as well as powering the lights and other accessories.


      Car batteries are usually the lead-acid variety, and they weigh a lot—remember the last time you changed one? But these batteries do not have the strength to move the car. For that, we need a completely different kind of battery technology.


      Batteries that are used for the main power source of a hybrid or electric vehicle are called traction batteries. The ones in hybrid vehicles are usually nickel metal hydride batteries (abbreviated NiMH), another type of rechargeable battery. A technology that shows even greater promise is the lithium-ion battery (a.k.a. Li-ion battery). What is so special about this technology?


      Li-ion batteries pack a punch. Their energy density is much higher than other battery technologies, which is why they are used in laptop computers and even power tools like cordless drills. These batteries can be formed into a wide variety of shapes and sizes to fit within the available space inside the hood or trunk of a car. Since lithium is the third lightest element, these batteries offer substantial savings in weight compared to other batteries (lead vs. lithium? No contest!).


      So where’s the catch?


      The first issue is durability. Getting to, say, a ten-year lifespan is a high bar for Li-ion batteries to reach (if you own a laptop computer, think of how the battery life degrades over even just a year or two). There’s also a question of of safety. Li-ion batteries got some pretty bad press a few years ago when a few of them made smoking embers out of the laptop computers they were supposed to run. Now think of a battery hundreds of times that size—in a moving vehicle—and you can see there might be some concern. There is also the question of what to do with a Li-ion battery once its life in the car is over. Recycling is a possibility, but that also plays into our final issue which is, of course, price. Once the safety, durability, disposal and performance issues of the battery are solved, will it be economical to offer to the market? Getting the technology to work at an affordable price is the rest of the challenge. The major carmakers are placing their bets now, so the next few years should be very interesting.


      The Persian Gulf of Li-ion Batteries: Bolivia


      To make lithium-ion batteries, you need lithium. Where can you find lithium? Well, it turns out that an astonishing 50 percent of the global supply of the stuff is found in Bolivia, which happens to be the poorest country in all of South America. The metal is actually found in the brine underneath the world’s largest salt flat known as the Salar de Uyuni high up in the Andes. It’s almost impossible to reach, and there is nothing close to the infrastructure needed to support industrial production.


      Still, the Bolivian government is well aware of the potential for this resource to reshape the country. They are engaged in research now to fully understand the processes needed to exploit the Salar de Uyuni before they begin to negotiate with foreign companies that have already begun courting government ministers.


      The idea of not just one region but a single country having a lock on what could be a vital resource is daunting to say the least. Battery research and development continues, but Li-ion is for now the most viable technology to support wide scale production of electric and plug-in hybrid vehicles.


      Are Plug-ins and Electric Vehicles ReallyThatClean?


      OK, so you’re thinking at this point, hybrids and PHEVs are great, even with the technological challenges they face. What’s not to like?


      The debate typically goes like this: Why spend all those extra dollars to buy an electric car or to convert a hybrid car to a plug-in hybrid when they consume power from polluting coal-fired plants? Won’t we have to build more power plants to help recharge all these battery-powered cars? How is polluting the atmosphere with coal any different from polluting the atmosphere with tailpipe emissions?


      Thankfully, the verdict is in. Many studies have been conducted by experts in the industry and it’s not even close: emissions from hybrids and EVs are far less than their gasoline powered counterparts, even when the dirtiest power plants are used to generate the electricity.


      The Pacific Northwest National Lab (one of the U.S. Department of Energy’s ten national laboratories) conducted a study in 2007 to understand how many new power plants will have to be built to support a growing base of PHEVs and other electric vehicles. Their findings say that no extra power plants will have to be built as long as cars are charged at night.4


      The Electric Power Research Institute (EPRI) and the Natural Resources Defense Council (NRDC) recently completed another study to assess the benefits of plug-in electric hybrid vehicles and their impact on greenhouse gas emissions. Among the study’s key findings was that widespread adoption of PHEVs could reduce vehicle GHG emissions. If implemented on a wide scale, they can cut those emissions by more than 450 million metric tons annually in the next forty years, and that’s equivalent to removing 82.5 million conventional passenger cars from the road.5


      How is this possible? In short, power plants are much more efficient than automobile engines as far as turning the latent energy in a feedstock (coal, gasoline, etc.) into usable energy. Our electric grid is also getting cleaner over the years as we discuss in volume I. Government mandates regarding the use of renewable energy, limits on emissions and advancing generation technologies are all making the power grid cleaner and more efficient.


      Hybrid Technologies Go Commercial


      Hybrid cars have become the poster children for energy savings in the automobile world. They are also beginning to appear in other modes of transportation, too.


      Commercial vehicles that have long idling times or do a lot of starting and stopping tend to gain the most from hybrid technology. School buses, delivery trucks, and other short-range vehicles are obvious candidates for hybridization. FedEx, for example, is building a fleet of nearly one hundred hybrid delivery trucks. There are even hybrid designs for heavy construction vehicles. A hybrid excavator, for example, can charge its batteries every time the excavator swings to the side using the same regenerative braking technology used in trains and hybrid cars.


      Can Hybrids Cut Our Oil Dependence?


      In the words of a recent vice presidential candidate, “You betcha!” Think of hybrid cars (as well as plug-in hybrids) as step 4 or 5 in a 12-step recovery program to reduce our societal oil addiction. Hybrids are not the silver bullet—it will take more than just improving our mileage to really bring down our oil consumption. But the transportation sector accounts for two-thirds of all the oil we use. There are over 200 million conventional gasoline vehicles (that are registered) on the road today, and about 8 percent are replaced for newer vehicles every year. If we figure out our transportation issue, we’ll go a long way toward addressing our energy challenge.


      Ultimately, climate change concerns may make burning fossil fuels on a broad basis simply too damaging or costly to continue. In the meantime, hybrids and EVs represent an important step toward weaning the most fossil-fuel dependent sector of our economy off of petroleum. Whether through government mandate or the price pressure of the free market—or a combination of both—cars as we know them are in for a major overhaul, and fuel economy is at the top of the to-do list.
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      Fuel Cells and Hydrogen

    


    
      Hydrogen


      Hydrogen is the most plentiful of elements in the universe. It comprises 75 percent of all matter that exists. It is found in great abundance everywhere from distant stars and galaxies to our very own planet earth. In water, hydrogen helps to sustain life. In other forms, such as tritium, a radioactive variant of hydrogen, it can be used to trigger a nuclear fusion reaction in hydrogen bombs.


      Lately, this versatile gas has also been used as a fuel for vehicles. Hydrogen is a potential alternative to fossil fuel that has shown promise in recent years, and major car manufacturers are researching hydrogen’s effectiveness in powering vehicles.


      But most hydrogen cars are really just electric cars masquerading behind a fancy power source. They have electric motors and all the same components as an electric vehicle, but instead of obtaining electric energy from a battery, they draw power from a fuel cell. Research shows that fuel cell vehicles running on hydrogen would use less energy and emit even less carbon than gasoline hybrid electric vehicles.


      So what is a fuel cell? A fuel cell is a device that generates electricity by a chemical reaction between hydrogen and oxygen. Hydrogen is the basic fuel, but fuel cells also require oxygen, which they get from the air.


      Fuel cells were used in America’s early space program not just to provide electricity but also water. When you combine hydrogen and oxygen in a fuel cell, you get water, which the Apollo astronauts drank on their way to the moon. Back on earth, this lack of harmful waste products or exhaust makes fuel cells especially appealing.


      Also appealing is the fact that fuel cells have no moving parts to break, and they operate at incredible efficiency—two to three times that of conventional engines. When fully commercialized, fuel cells could trigger a fundamental shift in vehicle technology. Think of what Apple’s iPod did to Sony’s Walkman.


      
        [image: fig_12_1.tif]


        
          Figure 12.1 Fuel cell. (Doug Jones)

        

      


      The U.S. produces over 9 million tons of hydrogen every year. That’s enough to fuel more than 34 million cars, but only a tiny fraction of this hydrogen makes its way into automotive applications. In yet another energy-related irony, the vast majority of it is used in petroleum refining and to produce fertilizers.


      So why aren’t we all driving hydrogen cars? Can’t we just make more H2? The answer is yes, but at great cost. Most hydrogen produced today is derived from natural gas through chemical processing. It can be produced from water, but that process—known as electrolysis—requires a substantial amount of energy to separate the H and the O, and there is some question as to whether the end result would be worth it in terms of net energy. (Remember the net energy debate with regard to ethanol in chapter 10?)


      For hydrogen-powered vehicles to be broadly adopted by society, they must be cost-competitive with conventional fuels on a per-mile basis.1 According to the U.S. Department of Energy, in recent years, the cost of producing hydrogen from natural gas has fallen from $5/gge (or $5 per gallon of gasoline equivalent) in 2003 to $3/gge. Their goal is to reduce this to $2/gge by 2015.


      In addition, the cost of making fuel cells must be reduced significantly and the number of hydrogen fueling stations must be increased around the country. The standard the Department of Energy is looking for in hydrogen cars is a range of 300 miles and the ability to refuel in 5 minutes. This would make hydrogen cars competitive with gasoline-powered vehicles, but current hydrogen prototypes don’t meet these criteria.


      Hope for the Hydrogen Economy


      When we talk about electric or hybrid vehicles, we usually just talk about the vehicles themselves. So why do we talk about hydrogen vehicles needing a whole “economy” to back them up? In a word, infrastructure.


      We don’t currently have a distribution system for hydrogen like we do for oil (pipelines, tankers, trucks) or electricity (generators, transmission lines, substations). In order for hydrogen to become a viable alternative to these two, a new infrastructure to support it will have to be built. The U.S. currently has about 100 hydrogen refueling stations.2 By comparison, our country has roughly 180,000 gasoline stations, and electric vehicles can be recharged anywhere you can find a wall socket. Clearly, hydrogen has a long way to go just to match the convenience of refueling with gas or electricity.


      This lack of a hydrogen infrastructure has created a chicken-and-egg problem much like the situation natural-gas vehicles face, only worse. Consumers are not likely to buy hydrogen-powered cars until hydrogen fuel is widely available at a reasonable price, and fuel suppliers will not spend money to build hydrogen refilling stations unless there are enough cars on the road to use them. Investing in such infrastructure could potentially have huge payoffs for society, but as always, is it worth the cost?


      Take railroads, for example. The railroads were a dramatic improvement over horse-drawn wagons or carts. The early steam engine tramway locomotives could haul loads of several tons including several hundred men and women for miles on end, a feat that horses simply could not accomplish.


      The invention of the steam engine and the steam locomotive were no doubt critical for the success of the railroads, but it took a lot more than that for railroads to become commonplace in society. In fact, it took land grants, government bonds, and a standard track gauge to allow different trains to share the same path, among other challenges. It even took an act of Congress—the Pacific Railway Act of 1862 was approved and signed into law by President Abraham Lincoln.


      We probably won’t have to turn over 10 percent of America’s land mass to hydrogen producers, but it’s a safe bet that a substantial amount of government intervention will be required if a robust hydrogen economy is to take hold in the U.S.


      How Do You Make Hydrogen?


      Hydrogen is the simplest element known. It is also the most plentiful gas in the universe. Stars are made primarily of hydrogen. So how is it captured and used to drive vehicles?


      One approach is to make hydrogen from water—sounds like science fiction, doesn’t it?3 It’s up there with transporters to beam us from one place to another and replicators to instantly synthesize a cup of hot Earl Grey. But this is not Star Trek, and hydrogen can indeed be derived from water.


      
        Key Concept: Energy Carrier vs. Energy Source


        An energy source is a substance that is simply that, a source of energy. Fruits and vegetables are sources of energy for our bodies. Coal, oil, and uranium are other sources of energy. An energy carrier, on the other hand, is something that can store energy or move energy from one place to another.


        Electricity is the most common energy carrier. We use it to transport energy from power plants to homes and businesses. Like electricity, hydrogen is an energy carrier and must be produced from another substance that contains the energy to begin with.


        Energy stored or transported in the form of hydrogen can either be burned in an internal combustion engine or merged with oxygen in a fuel cell. Both methods deliver energy to turn the wheels. The combustion option releases energy the same way a gasoline engine does. Fuel cells release the energy as electricity, which can then be used to drive an electric motor.


        BMW is working on a car that burns hydrogen in an internal combustion engine.4 The car reportedly will include a dual-mode drive that allows it to run on both gasoline as well as liquid hydrogen, which the driver can fill up at a station much like filling up with gasoline. Much more common, however, is the idea of using a hydrogen fuel cell to run an electric car. That’s what most people mean when they refer to “hydrogen-powered cars.”

      


      The basic process is known as electrolysis and it’s nothing new. In fact, it has been understood for over 100 years. Simply combine water with an electrolyte and then run some electric current through the solution. Voila! The water molecules split into hydrogen and oxygen gases.


      So what is the catch? Once again, the culprit is cost. Hydrogen made from electrolysis has been hampered by the very high cost of the metals needed to serve as the electrolyte in the process (e.g., platinum). It also requires a good deal of energy, which of course isn’t free either. So until the cost of this process comes down, hydrogen will likely continue to be produced the old-fashioned way. That’s why currently over 96 percent of all the hydrogen produced is refined from fossil fuels (natural gas, oil and coal). A mere 4 percent is made by electrolysis.
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      The Road Ahead

    


    
      The days of the gasoline-powered internal combustion engine are numbered. The only question is how many it actually has left. Eventually, our supply of oil will become so expensive that it will cease to be useful as a motor fuel for the masses. It’s likely too that the environmental cost of using fossil fuels to power our cars will become so burdensome that we will be forced to look to alternatives.


      At this very moment, the automobile is undergoing its greatest metamorphosis in a century. So, where are we headed? When do we get our Jetsons space ships?


      The Role of Government: Today and intheFuture


      Government, both at the federal and state level, plays a huge role in energy as well as transportation. Whatever direction we end up taking, it’s likely that our course will be determined by policy decisions made in Congress and in state houses and legislative offices across the country.


      The federal government, for example, has been making energy and transportation policy for many decades now. There’s a transportation bill, it seems, every year or so, with billions of dollars for a variety of projects—highways, mass transit, air, and rail transport, and so on. And there are enough taxes and tax credits to fill a book. In this section, however, we will limit our discussion to the provisions of one particular act.


      At the federal level, the Energy Independence and Security Act of 2007 (EISA) set down a number of policies for transportation.1 Here’s a quick breakdown of some EISA provisions related to transportation:2


      Fuel economy: EISA mandates an increase in automobile fuel-economy requirements (CAFE standards) to a fleet-wide average of 35 mpg by 2020, an increase of 40 percent over current requirements.


      Renewable fuels: EISA requires that half of all new cars manufactured by 2015 be capable of running on 85 percent ethanol or on biodiesel fuels (flex-fuel vehicles). The law also mandates the production of 36 billion gallons of ethanol per year by 2022, which is seven times more than what was produced in 2006. To meet these requirements, ethanol would be made from corn as well as new cellulosic sources, such as switch grass, wood chips, or agricultural waste.


      Price gouging at the pump: EISA makes it a federal crime to charge an “unconscionably excessive” price for oil products, including gasoline. We’re not sure what price would be “unconscionably excessive” given the $4/gallon we saw in the spring of 2008, but the law also has a provision granting the federal government the authority to investigate what it sees as potential manipulation of the oil market.


      Research funding: EISA establishes financial supports to promote research into fuel-efficient vehicles, hybrids, advanced diesels and battery technologies.


      States Take Energy Issues into Their Own Hands


      How often have you been stuck at zero mph when the sign clearly states that you are allowed to go 65? More and more of us suffer through rush hour gridlock every year, and every year the average commute distance goes up.


      If you happen to be on a freeway in New York State, say the Long Island Expressway and oh-by-the-way just happen to be driving an eco-friendly hybrid, or better yet, an electric car, you can zip right past the other sorry looking drivers by slipping into the high occupancy vehicle (HOV) lane. It doesn’t matter that you are driving the car all by yourself.


      In early 2006, New York Governor George Pataki initiated a program known as “Clean Pass-HOV” that allows single drivers to use the Long Island Expressway High Occupancy Vehicle lanes provided they’re cruising in a hybrid or EV.3 The program was part of the governor’s energy independence plan, first unveiled in 2006, and is similar to policies in other states such as California.


      In addition to the federal government, state governments across the country are taking several steps to raise fuel economy standards in vehicles, reduce our oil dependence, and fight global warming. The states’ role ranges from tax credits for vehicles that meet the emission standards (electric cars, hybrids, and clean fuel cars) to programs that mandate a certain percentage of new vehicles on the road be zero emissions vehicles. Some counties and townships are even offering free parking for hybrids.


      When it comes to trailblazing vehicle legislation, a few states stand out from the pack. California’s large population, robust and diversified economy, and long history of trendsetting environmental policies make the state a national leader in the development of cleaner vehicles. Policies developed there are often adopted by other states and serve as a model for federal regulations.


      For example, the hybrid vehicles now popular nationwide and the hydrogen-powered vehicles being tested today are a direct result of California’s Zero Emission Vehicle program. The state has also launched a Hydrogen Highways initiative focused on ensuring that hydrogen fuel will be available as automakers bring zero-emission cars to market.


      California was the first state—in the U.S. or the world—to enact standards aimed at reducing global warming emissions from vehicles. California has acknowledged the fact that roughly one-third of all carbon dioxide emissions in the United States come from transportation sources. The percentage is even higher (40 percent) in the Golden State.


      California has also been a national leader in cleaning up the dirty diesel engines used in buses, big rigs, and heavy equipment. After estimating that diesel soot was responsible for 70 percent of state residents’ risk of cancer from airborne toxins, California implemented a plan that calls for reducing soot by 85 percent below 2000 levels by 2020.


      Look to the Left Coast for the next wave of vehicle regulations, as the EPA has granted the state the ability to regulate CO2 emissions from cars under the Clean Air Act, and has just recently classified CO2 as harmful to human health under that legislation.


      The Role of Technology: Will Solar-Powered Cars See the Light of Day?


      So you might have been wondering while reading about electric cars and fuel cells, if you have an electric motor, why not drive it with power from the sun? Indeed, the concept is perfectly sound. Instead of a battery or fuel cell, you get your juice from solar cells mounted on the car.


      Solar-powered vehicles are already here, at least at the prototype stage. Technological innovations and creative designs have produced solar-powered boats, cars, golf-carts, and even motorbikes. The technology to tap into the power of the sun has come a long way since the early days of solar-powered calculators and solar cookers, but alas that old curmudgeon, cost, is getting in the way again.


      By far the most important and, yes, most expensive component of the vehicle are the high-efficiency photovoltaic solar cells used in experimental automotive applications. These solar cells are far more efficient than the ones on your calculator, and they cost about 100 times more, too. So, you are unlikely to see solar-powered vehicles sitting on the front parking lot of your local auto dealer any time soon.


      On the upside, though, you might not need a solar-powered car to travel in eco-friendly comfort. Given the pace of development with plug-in hybrids and all-electric cars, there may be no need for solar panels on your roof and hood if the electricity you’re using came from a solar array on your house.
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      Energy Security

    


    
      Take a few elements relating to global energy security—the assassination of an oil tycoon, a pilfered nuclear bomb from Kazakhstan, a KGB agent-turned-terrorist who threatens to blow up a new oil pipeline, and a flooded reactor detonating underwater. Mix in a dangerous megalomaniac with plans to rule the world and a liberal dose of stunts, speedboat chases, explosions and shoot-outs and what do you get? The nineteenth edition in the James Bond series, The World Is Not Enough.


      Not many action movies can claim to play into people’s concerns about global energy issues. But this is James Bond, perhaps the single most enduring franchise in the history of film.


      In recent years, concerns about energy security have begun popping up in a lot of places—the fact that a Bond movie played on them is just a sign of the times. So what exactly do we mean by “energy security?” Like most issues, it depends on who you are.


      For most of us, our first contact with energy security is economic in nature—when fuel prices go up, we feel it, and when they nearly double inside of a year, it can really throw a wrench into how we live. You can expand that concept to a national scale, too. At that level, energy becomes a matter of national security. Dependence on a given fuel (e.g., oil), increasing competition for said fuel from developing nations (e.g., China) and unsavory regimes presiding over large portions of the known supply (e.g., Iran) all make for a good deal of economic “uncertainty” that can really affect how a society functions.


      Disruptions in the supply of energy can have disastrous effects, especially when the energy supply in question is electricity. “Energy security” in this context has more to do with the reliability of our energy infrastructure than it does with geopolitics.


      Finally, there is energy security in terms of preserving our environment in a condition that will continue to support not just human life but life as we know it, and not just in rich countries like the U.S. but everywhere. Energy security in this context means having the ability to improve one’s standard of living using energy in such a way that others may do the same, now and in the future.


      In the next few chapters, we’ll examine the issue of energy security from a few vantage points. This is by no means an exhaustive discussion, but it should help to illustrate the complexity and the gravity of this part of the energy landscape.
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        Security, Reliability, Diversity, and Independence

      

    


    Successful political campaigns often feature a slogan that resonates with voter segments they intend to persuade leading up to Election Day. In some cases, slogans have made a memorable impression and served to encapsulate what that particular candidate stood for. Bill Clinton’s campaign in 1992 captured the mood and attention of the entire nation with a comment first scrawled on a sticky note: “It’s the economy, stupid.” Similarly, Ronald Reagan’s 1980 bid for president asked a simple question that struck at the heart of a similar economic theme: “Are you better off than you were four years ago?”


    The title of this chapter sounds rather like a campaign slogan, or maybe just a grab bag of words from a politician’s repertoire of election speech sound bites. Elected officials on both sides of the aisle talk frequently about energy security, energy reliability, energy diversity, and the path to energy independence. They may disagree on how we should get there, but they all agree that these are important issues for us to face as a nation.


    So what are these issues? Are they related to one another, and if so, how? Why are they important today?


    In this chapter, we take on the task of defining these terms and providing you with an overview and a context for why the subsequent chapters in this part belong together more than they do apart.


    Energy Security: A Historical Perspective


    In many ways, attempting to define and explain energy security (and many of the other terms mentioned in this chapter) is to go “where no man has gone before.” But like Captain James T. Kirk and his fearless crew, we’re on a mission of exploration.


    The concept of energy security is at best elusive. This is in part because it has morphed and grown over the past several decades to keep pace with the changing global energy landscape. According to the 2009 IEA World Energy Outlook report,1 energy security, broadly defined, means adequate, affordable, and reliable supplies of energy.


    Historically, this referred mainly to the security of oil supplies. If we could produce enough oil domestically, or purchase enough of it inexpensively from foreign nations, then we were “energy secure.” Gasoline would magically flow out of nozzles at gas stations around the country whenever we wanted, and of course, at a price we could all afford.


    Definitions of such “oil-centric” energy security have varied around the world depending on whether the country was a net oil producer or a net consumer. Historically, energy security was the concern of oil-consuming nations only. But as we move from an era of states ensuring access (or denying access) to energy resources toward a new era of understanding about the value of an open and stable global energy market, energy security has become the joint responsibility of both consumers and producers alike.


    For oil importers like the United States, energy security means the security of oil supply. For oil producers like Saudi Arabia and Qatar on the other hand, energy security means stability of global demand and by extension the stability of prices for the oil they sell. Stability of prices in the open market results in predictable revenues to support their rapidly growing local economies (seen any photos of Dubai lately?).


    Energy Security: The Definition Broadens


    The focus on oil in international circles has given way to a more holistic view of what constitutes “security” in energy terms. Now it’s more of a basket of definitions from which nations pick and choose to suit their own particular circumstances.


    Natural gas, for example, has taken on much greater significance and the reliability—or even just availability—of supply has become cause for a couple of recent international spats. The recent Russian-Ukrainian dispute highlighted the importance of natural gas on the geopolitical agenda and how it, too, can play a role in energy security.


    In recent years, the paradigm has changed to view the entire integrated energy system as one single interconnected entity.


    The supply disruption from hurricanes Katrina and Rita in the Gulf of Mexico is a sobering example of the need for this integrated view. In the wake of the storms, natural gas still flowed in from the Gulf but was then trapped because power lines feeding electricity to the processing plants were severely damaged. The sudden drop in supply drove up prices for gas (and oil), but the disruption itself was caused in part by a lack of electricity, not oil and gas.2


    Climate change and other environmental concerns may soon also elbow their way into the security discussion if the long-term effects of fossil-based energy are taken to be a threat to security. Aside from the environmental aspects, however, a shift away from oil toward domestically produced alternatives would yield benefits in terms of security associated with reducing dependence on unsavory regimes. Indeed, “energy security” has something for everyone.


    Energy Security and Maritime Trade


    It may come as a surprise to learn that the U.S. navy routinely escorts oil tankers through the Strait of Hormuz at the mouth of the Persian Gulf. OK, maybe it wasn’t a surprise, but even if it was, one look at a map and you’ll quickly understand the strategic importance of this particular sea passage when you consider that 20 percent of the world’s oil production moves through it every day.3


    The Strait of Hormuz is a “chokepoint” in energy security parlance, one of a few places on earth where shipments of energy (i.e., oil) flow through a physically small area (21 miles across at its narrowest point). Iran has threatened to seal off the Strait of Hormuz if it is attacked, and the U.S. has countered with a commitment to keep the strait open, no matter what. But the threats to maritime trade in energy extend well beyond one troublesome nation. Piracy, sovereignty disputes, and simple differences in the interpretation of maritime law all present potential problems.


    On top of that, the ocean is getting more crowded all the time. Nations formerly regarded as land-loving (e.g., China, India) are now engaged in an expansion of their naval power. Considering that roughly half the world’s oil supply is in transit on the high seas at any given moment, it’s clear that any discussion of energy security must include maritime security.


    Energy Security and National Security


    Our nation’s energy system is a complex, interconnected web of machinery and equipment. After September 11, 2001, politicians, industry experts, and all of the resources of the newly created Department of Homeland Security increased their attention to the potential for our energy infrastructure to be damaged. This is no small undertaking. The energy system is vast, and has many potential Achilles’ heels. Nuclear plants, spent fuel depots, conventional power plants, utility control centers, substations, rail lines (essential for transporting coal among other things), pipelines—the list of potential targets is a long one.4


    Most of our energy infrastructure is privately owned, but the federal government (not to mention state and local authorities) spends a great deal of resources on protecting it. A lot of that work has to do simply with preventing accidents and keeping systems in good working order, but the issue of security from attack occupies an increasing portion of the protection to-do list.


    
      Key Concept: What Do the Terms

      SLOC and UNCLOS Mean?


      Sea lines of communication (abbreviated as SLOC) is a term describing the primary maritime routes between different ports, used for trade as well as by naval forces.


      UNCLOS is the abbreviation for the United Nations Convention on the Law of the Sea. It defines the rights and responsibilities of nations in their use of world’s oceans.

    


    Energy Security and Economic Security


    If you’re like us, you probably associate “security” mostly with physical safety. “Economic security” tends to conjure up visions of retirement plans, or at worst the prospect of (not) having enough money to pay the bills. However, if economic stress persists long enough, a lack of funds can have a negative and very real impact on physical health and safety. Navigating that continuum between anarchy and universal wealth is a task policymakers undertake when they consider, for example, how to balance environmental issues with employment objectives. There is also the balance between energy prices and economic development, something especially vital to the booming economies of India and China.


    Energy in economic security is increasingly a global problem. As nations grow more and more intertwined—mainly through trade—certain inconveniences are bound to arise. Competition for scarce resources is only the most obvious. Climate change, and more specifically the measures required to mitigate it, carry sweeping economic implications, most of which center on energy use. Are we really going to tell the Chinese they can’t all drive cars or consume electricity like we do?


    
      Key Concept: Green Jobs


      Green job creation is an important way of linking the local economy with energy security. So what is a green job? Green jobs are ones that somehow help our economy transition from a fossil fuel based economy to one that relies more on renewable and alternative energy sources. They might include, for example, manufacturing, selling, delivering, installing, servicing, and supporting clean energy technologies like solar panel installations, wind turbines, and geothermal pumps.


      In addition, green jobs are those that support energy conservation and efficiency measures such as LEED certification of buildings, manufacturing and installing energy efficient systems at homes and offices, performing energy audits, and so on.


      Green jobs are also a growing segment in the transportation sector. There are many jobs tied to development and delivery of consumer and commercial vehicles that wean us away from our petroleum dependence. These include jobs that are related to biofuels, hybrid vehicles, battery manufacturing, and fuel cells, to name just a few.

    


    Energy Security and Energy Policy


    Government policy can play a huge role in energy security. As we discussed in Volume 1, governments the world over have developed policies to protect against failures in the energy supply system that arise from weakness in market mechanisms or issues that cannot be handled by the market alone. Through various incentives, tax breaks, and often simply providing clarity on policy, government can aid the steady supply of energy. This is especially visible in how government programs (i.e., subsidies) have been used to encourage the growth of renewable energy sources.


    There are numerous factors that impact energy security in the short term and long term, and many of them are truly out of the control of any government, including ours. Natural disasters come to mind. Price spikes in global markets might seem like a disaster too, but alas they are made by people. The good news there is that policy can help to stabilize prices, at least in the short term.


    Some other areas where government policy can play a role include the following:


    n Ensuring adequate investment in production, processing, transportation, and storage capacity of various energy commodities to meet projected needs.


    n Promoting more efficient energy use.


    n Encouraging diversity in fuel mix, across geographic sources, and between types of supply, transportation routes and market participants.


    n Supporting market transparency to help suppliers and consumers make economically efficient investment and trading decisions.


    n Providing a clear regulatory framework that lets producers know what the rules of the game are with regard to environmental and commercial issues.


    n Opening new deposits of oil and gas to production.


    n Streamlining the siting process for transmission lines, LNG terminals and other energy infrastructure.


    Energy policy on the international level also plays a major role in our energy security. Obviously the policies of producer nations will have an impact, but we’re talking here about the U.S. contribution to international policy. For example, the International Energy Agency—of which the U.S. is a member nation—plays a vital role in managing energy crises like the disruption of supply that followed hurricanes Katrina and Rita in 2005. Similarly, the Extractive Industries Transparency Initiative5 (EITI) seeks to ensure that people living in resource-rich nations reap the benefits of their country’s energy exports and avoid the “resource curse” that has afflicted many such locales.


    Energy Security and Foreign Policy


    OK, we promise we’re not going to refer to the Arab oil embargo again. Really, we’re not. There are plenty of other examples of how energy security finds its way into foreign policy. In fact, the two are linked perhaps more closely now than ever before.


    On New Year’s Day 2006, Russia cut off natural gas supplies to Ukraine over a payment dispute. The thing about this particular move was that it also had the effect of cutting off supplies to downstream (or maybe “down-pipe”?) countries. Who lives downstream from Ukraine? Pretty much the rest of Europe, and the disruption in gas supplies eliminated nearly a quarter of all the gas consumed on the continent.


    History offers other instances where countries have used their energy resources to further their political agenda in the global arena, but we needn’t look further than the morning paper. Iran is making nuclear noises that the West finds particularly troubling. Meanwhile, in 2008, the U.S. made a deal to share nuclear technology with India, a nation that is not a party to the Nuclear Non-Proliferation Treaty (NPT).


    The next hotspot for a convergence between energy and foreign policy might be the frigid Arctic. As the hunt for oil and gas moves away from depleted fields into new territory, the vast unexplored region under the polar ice becomes ever more enticing. Despite the harsh conditions and fabulously high cost of actually setting up shop at the top of the earth, Russia, Canada, and other nations with something approximating a property claim in Santa’s neighborhood are already beginning to jockey for position. The Russians even planted a flag on the ocean floor at the North Pole.


    
      Key Concept: What Is the “Resource Curse?”


      The term “resource curse” refers to an economic paradox in which countries with an abundance of natural resources experience worse economic growth than countries with fewer natural resources. According to John Ghazvinian, a visiting fellow at the University of Pennsylvania and author of the book Untapped: The Scramble for Africa’s Oil, between 1970 and 1993, countries without oil saw their economies grow four times faster than those of countries with oil. But it’s not limited to Africa—the same phenomenon was termed “Dutch Disease” following the decline of the Netherlands’ industrial economy after natural gas deposits were discovered there in the 1960s.


      So, what accounts for this very counter-intuitive state of affairs?


      Well, first of all, oil exports inflate the value of the exporting country’s currency making most of their other economic sectors like manufacturing, agriculture, tourism, and so on less competitive on the global market. In extreme cases, it destroys them. Meanwhile, investment is pouring into the booming energy sector instead of those less profitable ones, so a vicious circle is created.


      As a result, the country in question becomes heavily dependent on imports for all of these other industries (some even have to import basic food items). They must trade their petrodollars for everything else they consume, exposing the entire national economy to the volatility of the global market for oil.


      Then you have good old corruption. A major influx of investment in a single industry creates a certain amount of opportunity for graft or at the very least mismanagement. Sadly, the victims of such diversions of wealth are usually the citizens the government is supposedly there to protect.

    


    Energy Independence versus Energy Interdependence


    Energy independence. It’s the bright shiny object that has captured the imagination of most every policy maker and politician for nearly two generations. The idea of being completely self-sufficient is undeniably appealing, but the truth is that the last time the U.S. was really independent, at least in terms of oil, was 1950. Since then, we’ve come to rely more and more on energy from other places. Today we import more than half the energy we use.


    Still, the notion of energy independence has some serious staying power. Every president since Jimmy Carter (with one notable exception) has made a point of promising some form of it. So how realistic is energy independence as a national goal? Not very. We’d be hard pressed to find a single expert who would suggest it’s even feasible. What’s more instructive is to look at the relative level of dependence we have on other nations for our energy supplies, what exactly we’re importing and from whom.


    Energy interdependence refers to a more pragmatic goal of systematically reducing our reliance on foreign energy sources but recognizing that we will likely always import some energy from the global market. Energy interdependence also recognizes that we will increasingly be integrated into the global energy market, but we can do so in a manner that is significantly more secure, reliable, robust and less vulnerable than it is today.


    The saying “life is a journey, not a destination” might well apply to the path to energy independence. The final destination may or may not be achievable, but that should not deter us from heading down the path. Following are a few ways in which we can reduce our energy dependence while at the same time increasing our overall energy security. If implemented effectively, these initiatives could move our economy toward a cleaner, more sustainable and secure future.


    n Technology. Technology can make a huge difference in weaning us away from a carbon-based world where most of our energy needs are met from fossil-fuel sources. They range from hybrid vehicles to biofuels to renewables like wind and solar to carbon capture technologies. We have devoted many chapters in our two volumes to describing these technologies in detail.


    n Energy conservation and efficiency. The Department of Energy projects that U.S. demand for electricity alone will grow 1.1 percent per year over the next few decades. Shaving that figure down through energy efficiency will pay both environmental and economic dividends. The most sustainable megawatt is the one you don’t use. As detailed later in this book, such a reduction in demand can come from a variety of sources—homes, commercial buildings, transportation and even programs run by electric utilities themselves.


    n Government policy. As described in the previous section, there are various initiatives both domestic and international that our government can pursue to help stabilize energy prices and increase our overall energy security. Short-term solutions can range from energy rebates and gas-tax holidays to tapping into the Strategic Petroleum Reserve (SPR) to release more supply into the market. Mid- to long-term solutions might include implementing federal programs to spur innovation in green technologies, providing loan guarantees for construction of new pipelines, increasing fuel efficiency standards, promoting responsible domestic production of oil and gas, and integrating our energy and foreign policy efforts more tightly.


    n Getting more from our existing oil fields. Bottom line up front: the U.S. has only 3 percent of the world’s oil reserves. Having said that, it is important to note that U.S. oil and gas production has and will continue to play an important role in our domestic economy as well as in the global energy marketplace. This means exploring oil in new locations (e.g., the Bakken Shale in Montana/North Dakota is reported to hold 4 billion barrels of oil) as well as leveraging cutting edge technology to extract more juice out of existing wells.


    n Global consumer-producer cooperation. Just as oil-consuming nations are concerned about the security of energy supply, oil-producing nations are concerned about security of energy demand. The International Energy Forum, established in the early 1990s for the specific purpose of enhancing producer-consumer dialogue, is a good example of a venue where both oil-producing nations and oil-consuming nations come together to discuss common issues impacting the global energy marketplace. The forum is the only major international organization open to both producers and consumers, and its membership includes countries from OPEC, the International Energy Agency and beyond.


    n Leveraging the domestic and global strategic petroleum reserves. The leveraging of our strategic petroleum reserve (SPR), coordinating reserves with other countries through the IEA, and encouraging emerging economies like China and India to develop their own SPRs will take us further along on the path to energy security.


    n Increased non-OPEC production of oil. According to the Energy Information Agency, seven of the top fifteen oil-producing nations are not members of OPEC. That list includes the U.S., Norway, and Mexico, all nations whose oil production is now in permanent decline. Reversing that trend might not be possible, but greater diversity in producing nations will likely stabilize energy prices.


    n Transparency and governance of global energy markets. The energy industry, especially the oil and gas segment, has a long way to go in improving transparency of relevant information for all players involved. Public company data on supply of oil and gas can have accuracy errors of 2 to 4 percent, a substantial amount given shrinking reserves around the world and the fact that excess capacity has for the most part disappeared. Official data is rarely published on a region or a specific reservoir’s decline in rate of production. In fact, quite often OPEC member countries view numbers coming out of other member countries with suspicion. There is also strong debate on the amount of remaining oil reserves around the world. In the midst of this are open markets that set the price for energy based on the sparse information they can collect. Commodities like corn, coffee, wheat, soybeans, copper, lead, gold, and silver are all traded in an open and free market allowing forces of supply and demand to determine the price for that commodity. The same goes for crude oil, natural gas, and heating oil, but unfortunately they, too, are not immune from speculation. Energy prices are influenced by fears, forecasts, wars and rumors of war, natural disasters, and even political coups. Most importantly, the lack of adequate transparency contributes to wild fluctuations of energy prices.


    Energy Reliability


    Oil and natural gas have occupied an overwhelming portion of this chapter’s discussion, and that’s OK. Undoubtedly, our pursuit of energy security and energy independence has a lot to do with the reliable availability of these fossil fuels. But this chapter will not be complete without a short overview of energy reliability, which as it happens is the focus of our next chapter.


    
      Key Concept: What Is Energy Diversity?


      The United States relies on diverse sources of energy to generate electricity—coal, natural gas, nuclear, hydro, wind, solar, biomass, geothermal, and so on. Our transportation sector relies heavily on fossil fuels like gasoline and diesel. Across all of these sectors, over 85 percent of our energy demands are met by the combustion of fossil fuels.


      Energy diversity refers to a conscious effort to shift our economy from one that is heavily dependent on fossil fuels and imports from foreign countries to one that draws on energy from many different sources, both in terms of fuel type (wind, water, sun, gas) and geography (domestic, imported).

    


    We’ll save the detail, but in a nutshell, reliability is really about our capacity for not thinking about our energy supply. If the system is working properly and everyone does their job, the light comes on when you flip the switch. The gasoline comes out of the pump. The stove ignites when you turn the knob.


    In the case of electricity and natural gas, this minor miracle that we take for granted every day is the result of a complex network of transmission and distribution systems that deliver energy from central repositories (power plants, gas reservoirs) to the point of end use. The outlet in the wall or the gas line feeding your oven is located at the end of an enormous but very efficient supply chain.


    Energy reliability focuses on the reliable operation of that supply chain for all energy commodities in a manner that is most efficient and cost effective for the consumer. In the case of electricity, reliable operation means preventing a massive blackout and in the case of imported oil, it may mean the reliable transit of ships and tankers through politically sensitive chokepoints around to world to get to their destination. In any case, the goal is the same: keep the energy flowing and the customer happy.
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      Our Aging Power Grid

    


    
      Earth Hour is a global event that began in Australia in 2007.1 The idea is simple: for one hour, homes and businesses effectively go “off the grid,” turning off their lights as a way to raise awareness of climate change. Over two million Aussies took part in the first Earth Hour, and in 2008 fifty million people joined the now global demonstration, including some of the world’s most recognizable landmarks from the Golden Gate Bridge to the giant electric billboard in Times Square. For one hour, all was dark.


      In many parts of the world today, power outages are a daily routine, but even in advanced industrial nations like the U.S. sometimes we experience an impromptu “Earth Hour” or even “Earth Hours.” Elevators stop, traffic lights go dark, and ice cream melts. These minor inconveniences are typically accompanied by some considerably more serious consequences.


      In this chapter, we’ll provide an overview of power outages, what causes them, how we keep them from happening, and why our power grid isn’t as robust as it might appear. You might think this would have been covered in Volume 1 in the chapter on electricity, but we’ve put this particular topic here because the vulnerability of the power grid is a prime example of how energy security touches our everyday lives.


      Mother Nature’s Fury


      Bruce Willis’s character John McClane from the Die Hard film series hasn’t enjoyed nearly the longevity of 007, but in the most recent installment he, too, fights a foe bent on disrupting the energy infrastructure. In Live Free or Die Hard, an ex-FBI cyber security expert named Thomas Gabriel sabotages the nation’s network of traffic signals, rail transport, and air traffic control, all with the help of a few clever computer hackers with an Internet connection.


      
        Key Concept: Who Are Electric System Operators?


        Our national electric system is made up of a complex interconnected network of power plants, transmission lines, distribution lines, and our homes and offices, which make up the electric load. Electricity is generated in power generators and it is transported to our homes and buildings through the interconnected highways of the transmission and distribution system.


        The physical electric system is undoubtedly the largest man-made machine in the world, but this giant system needs to be managed closely to ensure its proper functioning. Since electricity travels at the speed of light, it must be generated at exactly the same instant it is consumed. The supply (all of the energy that can be produced from the various coal, natural gas, nuclear, wind, solar, geothermal, biomass, and hydropower plants) and demand (all of the electricity needed to power our homes, offices, buildings, and factories) must be kept in balance on a nanosecond-by-nanosecond basis.
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        Figure 15.1 The control room at the California Independent

        System Operator. (Don Satterlee)


        When supply and demand are in balance, the voltage levels at the power sockets in your home are normal and the system frequency stays at 60 hertz. Digital clocks and computers run properly, and everyone is happy. But if supply and demand go out of balance, it could result in serious consequences for everyone on the grid. Voltage levels could fluctuate; system frequencies could drop below 60 Hz or rise higher, thereby damaging electronic equipment. In the worst-case scenarios, portions of the electric system could malfunction leading to a power outage. There is a certain amount of slack in the system, but it still requires constant attention.


        System operators are highly trained people working for the electric utility whose job it is to manage this complex system. It is their daily task to constantly adjust output from the various power plants to ensure that everyone’s electricity needs are being met. They work in a control room, which in many cases looks quite similar to NASA’s facilities of the same name used to command the first manned mission to the moon. But unlike tourists who can visit the NASA Space Center by paying a nominal entrance fee, if you want to visit your local utility’s operation control centers, don’t expect to see a big sign outside that says “Power Grid Control Center.” For security reasons, these facilities are located out of public view, often in nondescript buildings without any outward indication of what goes on inside.

      


      John and a benevolent hacker named Matt Farrell (played by the guy in the Mac commercials) believe that the power grid will be the next system to be attacked. In one scene, the cyber terrorists even redirect natural gas through the pipeline system to blow up a power station. Sure enough, McClane and hacker Farrell escape just in time.


      So, how much of this is possible? To what extent are our power grids vulnerable to cyber attacks?


      Cyber attacks on power grids have indeed been reported by the CIA. The hackers disrupt power equipment that is controlled remotely by computer systems used by the utilities, but to put things in perspective, such occurrences account for a fraction of a percent of the power outages in the United States. Utilities around the country have implemented multiple layers of security around the systems that control the grid, and even gaining access to them would be extremely difficult.


      Of course, there is always room for human error, either while using the computer system or while out in the field working with the equipment that makes up our electric system. But again, human error accounts for barely 1 percent of all power outages in the United States.


      So what causes most of the power outages? Who is the main culprit in plunging city blocks into darkness? Well, the question isn’t really “who” but “what” since over 70 percent of all power outages are caused by natural events.2 More than two-thirds of all power outages in the U.S. are caused by weather-related incidents like strong winds, lightning strikes, floods, and so on.


      Animals contacting wires (recall the case of the unlucky squirrel on the transmission line that we discussed in Volume 1) and auto accidents damaging poles or other equipment account for about 15 percent of all power outages. About 4 percent of outages are planned and carried out by electric utility personnel to maintain and fix equipment on the grid. A good 11percent of the causes of power outages are still unknown.3


      Blackouts, Brownouts, and Power Interruptions


      Power outages come in a variety of shapes and sizes. They vary by season and can last from less than a second to several days. The “blip” variety happens more frequently, and they are often just part of the grid taking care of itself. For example, if a tree falls on a power line on your street, your power might go out but people elsewhere on the system will see only a quick flicker, if they even notice anything at all. That’s because a circuit breaker did what it was supposed to do and interrupted the flow of electricity in order to prevent further damage to equipment on the grid, not to mention your house’s electrical system.


      Minor disturbances like this won’t affect things like lamps or refrigerators, but they might be enough to disrupt sensitive electronics. That’s what would typically cause you to come home to find the clock on your VCR blinking. Either that or you just never bothered to program it in the first place and just got used to it after a while.


      Full-on blackouts are a much different story, and they are far less common. To use an analogy from the animal kingdom, if the blips are like tiny hummingbirds (more like the flapping of the wings of a hummingbird) then large-scale blackouts are akin to the giant flying reptile pterosaur Quetzalcoatlus that lived over 65 million years ago and had a wingspan of over 30 feet.


      Blackouts begin very much like a regular power outage—when a tree falls on a power line, lightning strikes a transmission tower, or when a generator in a power plant suddenly stops functioning because of an equipment malfunction. But there is one key difference: blackouts cascade, which means they grow and spread. This can happen in a matter of seconds. Much like an avalanche that can build up tremendous momentum and move across a large area very fast, a major blackout can spread to many parts of our national power grid, blanketing several states in darkness.


      Although rare, cascading blackouts do happen. In fact, that is exactly what happened at approximately 4:15 in the afternoon on August 14, 2003, when over 50 million people in the Midwest, Northeast, and Ontario were plunged into darkness.4 The U.S.–Canada Power System Outage Task Force identified the initial cause as a transmission line sagging into a tree, but a series of events following that one created an outage that shut down more than 500 generators at 265 power plants across the region.


      Blackouts like the one in 2003 are very rare, but ironically it is perhaps their rarity that in part makes a major outage so notable.


      Now what about a brownout? Well, this is not a break in the delivery of power, but rather a kind of dialing back. A brownout is a condition where the voltage on the power line drops below normal levels (typically a reduction of 8 to 12 percent is considered brownout territory). The situation can persist for less than a minute or could go on for the better part of a day, and can cause lights to flicker and dim, for example.


      So what causes these brownouts? If the electric system is already running close to maximum output due to a prior unforeseen event and supply and demand get out of balance in certain pockets, voltages and fluctuations in system frequency will start to appear in different parts of the distribution system. Sometimes homes at the end of very long distribution lines can experience voltage “sags” because of the physics of electrical losses in the line.


      The local electric utility may deliberately lower the voltage to your system in an effort to manage supply and demand during periods of heavy usage. But voltage drops and system frequency deviations beyond a certain point can have damaging effects on many appliances and equipment so these exercises are used sparingly. This is where a surge protector, voltage regulator, or uninterruptible power supply can help (we’ll get to those in a moment).


      A brownout or a deliberate drop in voltage level at your home is one way for the utility to manage the system when supply and demand get tight. But what happens when they simply don’t have enough power generators available to meet the expected load? What happens when there is not enough supply to meet the demand? Utilities resort to a program where they force a blackout in a region as a way of rationing limited power among their customers.


      Many utilities offer a schedule, which informs customers as to when, and how long, they will face a power interruption in their neighborhood under such circumstances. This is called a “rolling blackout” or to use an industry term, “load shedding.” The blackouts are “rolling” because they roll from section to section of the system, ensuring that everyone shares in the sacrifice of having their power supply turned off for a while.


      Developing nations often struggle with rolling blackouts, but industrialized countries are not exempt from them either. In fact, California resorted to rolling blackouts during the energy crisis of 2000–2001. They were not the result of an unforeseen natural event but were planned outages designed to ration electricity because there was insufficient supply to meet everyone’s needs.


      Uninterruptible Power Supplies


      We’re not talking about brown delivery vans. “UPS” in this context refers to an uninterruptible power supply, which is an electronic device that continues to supply electric power to any load for a certain period of time during an outage or when the line voltage varies outside the normal limits. UPS systems are typically used in data centers or other facilities where even a momentary disruption in the power supply could cause major problems.


      A UPS system for the desktop computers and printers in your home can give you about 15 minutes to save everything you are working on and shut down the computer safely once the power goes out. It is even more useful for the small power blips because the UPS keeps your computer humming along without you even noticing the short loss in power from the grid.


      Protective Relays: “To Serve and Protect” theElectric Grid


      So how vulnerable is our grid to major disruptions? Normally, the system operators working in the control room have the tools to react immediately to unexpected events. If equipment failure causes a power generator to shut down, these trained personnel can rapidly (in a matter of minutes) bring another generator sitting in reserve online to ensure that supply and demand stay in balance. Think of them as the 911 call center for the power grid. Based on the nature of the given event, they will dispatch the right resources to address the issue (e.g., fire up a gas-fired turbine or instruct a pumped storage hydro plant to begin generating electricity).


      But what happens in situations when a few minutes is simply too long? For example, when lightning strikes a transmission tower, a surge of voltage spreads in many directions in a fraction of a second. If not tended to immediately, these voltage spikes can be very damaging to equipment on the grid such as transformers, transmission lines, and even the generators in power plants. This is where the highway patrol of the power grid comes into the picture: protective relays and circuit breakers. Much like the policemen who patrol the interstate, these relays are equipment placed at strategic points on the grid. Their sole job it is to detect potential problems and minimize damage to the grid.


      Within a matter of milliseconds, a protective relay can notice an abnormal operation on the transmission grid (such as a wave of voltage from a lightning strike) and inform a circuit breaker to open in order to prevent the problem from cascading further. The protective relay is first to notice an abnormality and brings in the circuit breaker, much like a highway patrolman calling for backup to intercept a speeding vehicle on the road.


      No doubt, this operation will cause a disruption of electric service to someone at some level. It may even break up the massive interconnected power grid into smaller independently operating grids, a process known as “islanding,” but such actions prevent small problems from becoming large ones. Smart grid technologies aim to make the power grid even less vulnerable to interruptions and blackouts by adding a whole additional layer of “intelligence” to what already exists in order to optimize grid operations while simultaneously bolstering reliability.


      Our Aging Power Grid


      Speaking of grid vulnerability brings us to another important issue—the age of our transmission grid and its overall frailty.5 But before we dive into that let’s back up a bit and provide a quick overview of our transmission system. Why was it initially created? What was its initial purpose? How is it being used today? What challenges lie ahead?


      High voltage power transmission dates back to 1891 when a demonstration was given at the international electricity exhibition in Frankfurt. Most of the U.S. transmission grid as we know it today was constructed between the 1950s and the late 1970s. Over the years, electric utilities connected their transmission grids to serve as backups to each other. Cost sharing and reliability of the power supply were the initial reasons to build and connect neighboring systems. Over time the grid in the United States evolved into three physically separate systems: the Eastern Interconnect, the Western Interconnect, and the Texas Interconnect. Today the U.S. transmission grid consists of more than 200,000 miles of lines operated and owned by 500 companies.


      That’s rather different from the situation in most other countries where a much smaller number of players own (and run) the transmission system, if not a single state-owned operator.


      Investment in new transmission lines dropped significantly after the late 1970s. Since the transmission grid was used primarily for utilities to share reserve generation, and serve as backups for each other, the capacity of the grid was deemed more than adequate. According to the Edison Electric Institute, transmission investment in the United States fell about $115 million each year for twenty-five years, between 1975 and 2000, from $5 billion per year down to $2 billion.


      
        Fun Fact: The New York Blackout of 1965

        and the Creation of NERC


        The first major U.S. power blackout occurred in New York State in 1965. It was a wake-up call to the power industry. The industry responded to the blackout by creating a voluntary utility-managed reliability organization, the North American Electric Reliability Council (NERC). The blackout also got utilities to increase their cooperation to share reserve energy in case of emergencies.

      


      Grid Modernization: A National Imperative


      Although investments in the transmission grid have increased since 2000, there is broad consensus that the grid is not up to the job we’ve set for it. Built originally to serve existing and future loads, interconnect neighboring utilities, and support reliability, the grid is now also being used to support a larger number of wholesale electricity transactions across regions (we explain wholesale trading in Volume 1).


      The role of “trade route” for electricity was never part of the grid’s job description prior to the deregulation of the wholesale power industry in the 1990s. Today, power is still “shipped” across large distances under trading arrangements, albeit with a bit more control than during the Enron era. Still, the growth in demand, the proliferation of new power generation including renewable energy sources, and ongoing energy trading all challenge the capabilities of our transmission grid.


      The massive Northeast blackout in August of 2003 was more than just a power outage. It also resulted in a loss of public confidence in the grid itself. The general media and the public were left asking when such an event could happen again. The answer was (and is) sobering: another widespread blackout, though very unlikely, could happen again at any time if the same confluence of factors came together at the right time.


      Meanwhile, our current transmission grid is also impeding the growth of renewable energy. Sources like wind, solar, and biomass have been hitting their stride in recent years, but will not be able to reach their full potential until our transmission grid is upgraded. One reason is because our current transmission system does not connect the sources of renewable energy, which are often remote, with the population centers that need the energy. The lack of adequate transmission capacity is even putting the brakes on various states’ goals to increase their renewable energy portfolios.


      Last but not the least there is the issue of transmission bottlenecks or “congestion.” This is a problem especially in densely populated areas like the U.S. Northeast where periods of high demand—that proverbial hot summer afternoon—make it very difficult to pull in enough power to serve all those air conditioners while maintaining appropriate reserve margins. It’s all but impossible to build a new power plant within a city, so the power to meet our ever-growing demand has to come via transmission lines from somewhere else.


      
        Fun Fact: Did You Know?


        n According to the Manhattan Institute,6 just 20 percent of U.S. GDP was directly dependent on electricity in 1950. Today, it’s 60 percent.


        n According to the Electric Power Research Institute (EPRI), power outages are responsible for over $46 billion per year in lost productivity.7


        n According to a 2008 report by The Brattle Group, an energy consulting firm, the electric power industry will need to invest $880 billion from 2010 to 2030 in order to maintain reliable service.8

      


      What Is Transmission Congestion?


      In the 1993 movie Falling Down, Michael Douglas’s character William Foster, is an unemployed defense industry engineer who reaches the proverbial end of his rope in Los Angeles traffic on a very hot summer day, and finally just gives up and abandons his vehicle on the freeway.


      On June 29, 1956, President Dwight David Eisenhower signed the Federal-Aid Highway Act that funded the interstate system, which has become central to transportation in the United States. It extends over 46,000 miles, but if you count each lane individually the system rolls out 210,000 miles. Fifty years after its inception, the system is overworked and in many places dangerously in need of repair. Segments of it have become so congested that it has long ceased to be a nonstop coast-to-coast highway.


      Transmission congestion is no different from the congestion on our interstate system. It occurs when there is insufficient room on the transmission system to ship energy from power plants to areas where the energy is consumed. Typically during peak hours, the transmission “pipes” become choked, not much different from rush hour gridlock (notice the similar terminology, too?).


      Going back to our water analogy from the introductory chapters on electricity in Volume 1, you can think of transmission lines as giant pipes that transfer the electric “fluid” from one place to another. These pipes have a physical limit to how much power they can carry, usually measured in megawatts. This limit is known as the “rated capacity” of the transmission line and is determined by its thermal limits (beyond which the line will overheat, sag, and get damaged) as well as voltage limits and other operating constraints.


      As utilities start loading their transmission lines to higher levels, the cables heat up, which causes the metal to soften. That in turn makes the lines sag under their own weight, risking contact with trees and other objects. Attempting to operate a transmission system beyond its rated capacity is likely to result in short circuits, electrical fires and serious damage to equipment—not something a system operator would advise doing! Hence, unchecked transmission congestion can also be a potential pre-condition for blackouts.


      Obviously, even the most susceptible transmission lines are not congested all the time. Typically, congestion occurs during peak load periods (that hot summer day again), or when demand is increasing rapidly. The trouble from congestion, though, is not limited to physical operating issues.


      When congestion occurs in a competitive (deregulated) electricity market, there is a risk of price gouging as energy traders with power to sell are in a position to demand high prices to relieve the congestion. Regulators have the ability to manage this potential for wrongdoing, though, and they monitor market activities to ensure that price gouging does not occur. Still, aside from some operational tweaks and certain smart grid technologies, the only way to alleviate congestion on an ongoing basis is to build more transmission capacity or decrease demand.


      Today, system operators in control rooms around the country do their best to optimize the use of the transmission grid given little maneuverability on already crowded lines.


      
        Fun Fact: Who Is the Largest User

        of Energy in the World?9


        The U.S. government is the largest single user of energy in the world. The federal government owns and leases thousands of facilities, and energy typically makes up about 50 percent of facility operating costs. It is the largest user of energy in the world, using about 2 percent of all of the electricity and natural gas sold annually in the United States. The largest energy user within the government is the military, accounting for over two-thirds of total federal energy use.

      


      Revamping Our Power Grid: What Needs toBeDone?


      According to the American Heart Association, over 7 million Americans have suffered a heart attack in their lifetime. Transmission congestion is not unlike cholesterol buildup that restricts the flow of blood and makes your heart work harder. If left unchecked, the clogged arteries will eventually lead to a heart attack.


      Cardiologists often talk about heart disease risk factors. We will do the same in this section. What are the risk factors for our power grid and what needs to be done to reduce them?


      Transmission facilities in the U.S. for the most part are owned by electric utilities. However in states that have transitioned to a deregulated electricity market (covered in Volume 1), the utilities have sold their transmission systems to an independent system operator whose sole mission is to reliably operate the transmission grid. (Just to be clear, “transmission” refers to high voltage lines that ship power from power plants to substations. “Distribution” is what your local utility does, though it might own or operate transmission facilities too.)


      Building new transmission lines has proven to be difficult in recent years. There are a few main reasons for this.


      Public concerns about new transmission lines include land use issues, environmental issues, health issues, and good old-fashioned not-in-my-backyard attitudes (a.k.a. NIMBYism). Unlike solar panels, which increase the value of a home, the typical effect of a nearby transmission line on property values is, well, not so good. Health concerns about the impacts of electromagnetic fields (EMF) make it even harder to get local support. Locating new transmission lines is especially difficult to do because neither the state nor the federal government have the right to force unwilling landowners to part with a portion of their land except under “eminent domain” laws that are almost never used with regard to power lines.


      If public opposition prevents us from adding new transmission lines, perhaps technology can offer a temporary fix. FACTS (flexible AC transmission systems) is a term that refers to a family of devices that significantly enhance controllability and increase the capacity of existing transmission lines. Similarly, superconducting materials show great promise in being able to transmit much more electricity than conventional wires and cables, eliminating the need to alter land use to make way for new transmission towers.


      Regulatory issues, both at the state and federal level, are another impediment to building new transmission lines. Big transmission upgrades often involve multiple state governments, federal agencies, and regional authorities, all with the ability to stop a project in its tracks. It really gets complicated when you look at who has jurisdiction over the given project.


      The part of the grid that is used by the utility to serve its customers (i.e., the distribution system) is regulated at the state level, but the transmission lines often cross state lines, making them the business of the federal government. The feds also regulate wholesale energy trading through the Federal Energy Regulatory Commission. State public utility commissions are also known to implement rules that actually discourage interstate transmission projects. Why? Elected officials in places with cheap power fear that new lines will send that resource out of state, causing rates to go up locally—not so good for voter satisfaction.


      But wait, there’s more.


      In addition to a lack of clarity on the jurisdictional boundaries between states and the federal government, regulatory rules continue to evolve, making them a moving target for utilities looking to invest billions of dollars into the power grid. That in turn creates financial uncertainty regarding how (or how soon) the investment will be recovered, and as we’ve noted in several other instances, investors don’t like uncertainty.


      The Energy Policy Act of 2005 sought to streamline the permitting process for power lines at the federal level by synchronizing the review processes of the nine (yes, nine) agencies that might have approval authority over a given transmission project. No word on how that’s working out.


      The cost to build a new transmission line depends primarily on the voltage level it will use. In today’s dollars, the costs vary from about $140,000 per mile for lower voltages like 115 kV all the way to $1,000,000 per mile for ultra high voltage lines of 345 kV and above.10 The higher voltage lines can ship more power for longer distances than their lower voltage counterparts, but the tradeoff of course is the price.


      Utilities will continue to build transmission facilities for which they can recoup their costs by increasing their rates (with the approval of their state PUC of course). Ultimately, then, the cost of upgrading the transmission grid is borne by “ratepayers,” a classic industry term for the businesses and homeowners who pay the bills. Not surprisingly, regulators at the state and federal levels are usually reluctant to raise rates, but even if a project moves ahead on the financial front it can still run into years of delays on a variety of other grounds, notably environmental issues.


      So why do regulated utilities have to be the only entities upgrading the grid? Why not bring in outside entrepreneurs with their own investors and their own money to build new transmission lines? As a matter of fact, this is starting to happen. It’s called “merchant transmission” and a couple of transmission-only companies have emerged in recent years with innovative ways of bringing in investment dollars. Merchant transmission development would also encourage developers to site projects in optimal locations, and promote more efficient use of generation resources. However they still have to cross the same regulatory hurdles as their counterparts in the utility world when it comes to siting.


      Conclusion


      A modernized grid would reduce the likelihood of a major outage, but it would also mitigate the effects if one were to occur. It would also pave the way for wider use of energy alternatives like wind and solar power, promote efficiency and conservation, and improve our national energy security by making the entire electric system more reliable.


      Mitigating public concerns, reducing regulatory hurdles, and providing the right financial incentives are the keys to a successful power grid. Undoubtedly, the public need is pressing.
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      Nuclear Energy

    


    
      E= mc2. We have all come across this famous equation at some point in time in our lives, and the story behind it forms the basis of this chapter.


      In spite of everyone’s familiarity with the formula, not many people really understand what it means. Albert Einstein’s landmark theory says that energy equals mass times the speed of light squared. That’s where we come in. By the time you are done reading this chapter, you’ll be able to hold your own with nuclear physicists, at least in cocktail party conversation.


      Energy from Atoms: Radioactivity, Atomic Bombs, and Electricity


      One of Einstein’s greatest scientific contributions was the proposition that matter and energy are actually the same thing in many ways. Matter can be turned into energy, and energy into matter, but neither can be created nor destroyed, only changed.


      For example, consider an atom of hydrogen. This tiny particle has a mass of 0.000 000 000 000 000 000 000 000 001 672 kg.1 Pretty insignificant amount, wouldn’t you say? What can you really do with that small amount of anything? Not a whole lot.


      Einstein tells us something different, though. His equation informs us that this tiny amount of mass can be converted to a lot of energy. To do the conversion, we would simply multiply the mass of the atom by the square of the speed of light (186,000 miles per second) to get 10,000,000,000,000,000 joules. That’s equivalent to around 2.7 billion (with a “b”) kilowatt-hours, enough to power 245,000 homes for a year and well in excess of the energy used for residential lighting in the entire United States in 2007.


      A joule in and of itself is not a large unit of energy. One joule is the energy required to lift a small apple one meter straight up or the energy released when you drop a textbook to the floor. Or how about this for a better example: it is one hundredth of the energy a person can receive by drinking a drop of beer.


      Just 5 grams of hydrogen can provide about 900 trillion joules. This is equivalent to burning hundreds of thousands of gallons of gasoline. (For any scientists out there wondering how we arrived at this conversion, here it is: One gallon is 3.785 liters. Since gasoline has a density of 0.7 gm/cc, a gallon of gas is about 2.65 kilograms, with about 125 million joules of energy.)


      
        Fun Fact: Did You Know?


        Albert Einstein was able to see the power of nuclear energy long before others. Einstein was by no means a hawk when it came to matters of international conflict. To the contrary, he was a peaceful man, and often referred to the wonders of science and nature as being above petty human conflicts.


        “Through the release of atomic energy, our generation has brought into the world the most revolutionary force since prehistoric man’s discovery of fire,” he said in one of his many quotable moments. “This basic force of the universe cannot be fitted into the outmoded concept of narrow nationalisms.”


        However, Einstein did help to draft a letter to then-president Franklin Roosevelt urging him to fund the development of an atomic bomb before the Nazis or Japan could develop their own. The result was the Manhattan Project, which produced the bombs that the U.S. dropped on Hiroshima and Nagasaki in 1945.


        If you want to find out more about Einstein’s famous formula, you can visit http://www.aip.org/history/einstein/voice1.htm to hear it from the man himself.

      


      Nuclear Energy 101


      Atoms are tiny particles that make up all matter in the universe. The bonds that hold them together are strong, and breaking them releases a tremendous amount of energy. This is the basic concept behind nuclear energy.


      Nuclear energy can be used to make electricity, but first the energy from the atoms must be released and we humans have figured out how to do that in two ways: nuclear fusion and nuclear fission.


      In nuclear fusion, atoms are combined or fused together to form a larger atom. The process causes bonds to break and re-form in creating the larger atom, and is what goes on inside the sun. This is how the sun produces energy. Nuclear fission works the other way around, splitting atoms apart to form smaller ones, and this is the process used in nuclear power plants to produce electricity.


      How Does Nuclear Energy Work?


      The children’s game of marbles as we know it today gets its name from the practice of making children’s toys from broken chips of marble. The Romans played marbles, and likely spread the game across a wide area thanks to the expanse of their empire.


      One of the most famous ways of playing the game is to draw a ring on the ground and a starting line just outside the ring. Arrange forty to fifty marbles, all jumbled together, forming a tight circle. Each player’s goal is to shoot the cluster of marbles from the starting line out of the ring. The winner is the one who gets the marbles flying farthest all around in different directions.


      That is very similar to what happens in nuclear fission. The tightly packed circle of marbles is like an atom’s nucleus. The marble being thrown is like a “neutron bullet,” which we’ll explain in just a bit. The only difference is that the “marbles” in an atom are protons and neutrons and they’re arranged in a tight sphere rather than a two-dimensional circle.


      When the “bullet” hits the nucleus, a couple of things happen. First, the nucleus splits into two chunks, each having about half the number of protons and neutrons of the original. Second, the splitting of the bonds between the particles releases a huge amount of energy, which appears as heat and radiation.


      The process isn’t quite that clean, though, and some “free” neutrons are left over and end up flying into still more atoms, continuing the process. This is what’s known as a chain reaction, and inside of a nuclear reactor it’s quite safe. However, if too many neutrons are generated, the reaction can get out of control and a gigantic explosion can occur. That’s what happens in an atomic bomb.


      To prevent the bomb scenario from occurring inside a nuclear power plant, the extra free neutrons are absorbed by special materials called control rods that are inserted into the reaction chamber. By controlling the reaction, it can be harnessed to produce heat—a lot of heat—which is then used to run a steam turbine to produce electrical energy. Uranium 235 is the most commonly used fuel for nuclear fission.


      Now, back to our “bullet.” Recall from high school science that protons are positively charged and electrons are negatively charged, while neutrons have no charge at all. This is key because if you fired, say, a proton at another atom, it wouldn’t hit it because the magnetic force of the protons in that atom would repel the similarly charged bullet. Same with electrons, which would be repelled by the target atom’s electrons. Neutrons sneak by because they are, well, neutral.
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          Figure 16.1 Nuclear fission releases the energy in atomic bonds. (Doug Jones)

        

      


      What Is Critical Mass in a Nuclear Reaction?


      In his book The Tipping Point, author Malcolm Gladwell offers readers a fascinating analysis of how trends occur in society. Everything from diseases to pop culture gets the Gladwell treatment. A tipping point, as he describes it, is the moment that a given trend gathers enough steam to make it unstoppable.


      Critical mass refers to a similar idea, wherein there is a particular number of occurrences after which the trend will become self-sustaining.


      If a person walking down a city street stops and looks up at the sky, probably nothing will happen. People nearby will go on about their business. But what if five people in a small area all look up at the same time? Would you be inclined to see what they’re looking at? We would. What about three people? Maybe, but you get the idea—critical mass is what’s required to reach a tipping point.


      In nuclear fission, the trend in question is a nuclear reaction, so critical mass refers to the point where it becomes self-sustaining and we don’t have to keep firing neutrons at unassuming atoms to keep the reaction going.


      This term is now used in many situations outside the world of nuclear energy. Politicians gain a “critical mass” of support, independent movies earn a “critical mass” of viewers, and once a month bicycle advocates in San Francisco take to the streets in a demonstration known as . . . well, you get the picture.


      How Do Atomic Bombs Work?


      We have all read in history books about the atomic bombs used in World War II. And haven’t we all seen at least a couple of big budget Hollywood movies involving nuclear weapons set to be detonated by one villain or another? Recently, atomic bombs have made their way into television too—on the TV show 24, Jack Bauer struggles to stop a nuclear bomb detonation. In case you’re waiting to watch the series on DVD, we won’t tell you what happens.


      From Stanley Kubrick’s 1964 satire Dr. Strangelove to the considerably more somber 1980s TV movie The Day After, nuclear weapons have occupied a prominent place in our popular culture. In the real world, they continue to fuel apprehension. While nations like the U.S. and Russia strive to whittle down their nuclear arsenals, nations such as India and (perhaps) Iran are actively engaged in weapons development programs.


      Nuclear weapons are frightfully powerful, but how do they actually work?


      It all begins with fissile material, which is simply any material that is capable of sustaining a nuclear fission chain reaction. These substances are unique in that they are composed of atoms that can be split by neutrons in a self-sustaining chain reaction to release enormous amounts of energy. Uranium and plutonium are good examples of fissile materials. Wood and plastic, not so much.
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          Figure 16.2 The Manhattan Project’s first atomic explosion, known as the Trinity test,

          took place on July 16, 1945. (U.S. Department of Energy)

        

      


      For an atomic bomb to work, it must have enough fissile material so that the chain reaction can get started and reach critical mass. This takes about a millionth of a second. Prior to that, though, the material needs to be kept in smaller amounts to prevent the bomb from detonating before it’s supposed to. Typically, two pieces of fissile material are kept below critical mass and then smashed together at the moment of detonation to create the chain reaction. However, if they are not combined fast enough or with enough force, a smaller explosion occurs, driving the material apart so that the big bang never happens.


      Typically about 11 pounds of nearly pure or “weapons grade” plutonium-239 or about 33 pounds of uranium-235 is needed to achieve critical mass.2


      Nuclear Fuel


      The most important materials used to produce nuclear energy and nuclear weapons are uranium and plutonium, but only their isotopes are directly usable for producing nuclear energy. So what is an isotope?


      Let’s say you have an atom, but it’s missing a neutron or has an extra neutron. That type of atom is still the same element since it has the same number of positively charged protons and negatively charged electrons, but it is known as an isotope. They are just a little different from the other atoms of the same element.


      Take carbon, for example. The carbon atom we know and love is known as carbon-12, so named because it has six neutrons and six protons in its nucleus. Carbon-13 adds a neutron to make seven, and carbon-14 has two extra neutrons for a total of eight. C-14 is considered an isotope of the element carbon. It is still very much the same element, but just a bit different, for example in that it happens to be radioactive.


      The materials most commonly used for nuclear purposes are an isotope of plutonium called plutonium-239 and an isotope of uranium called uranium-235. Uranium-235 occurs in nature, but plutonium-239 must be manufactured.


      Approximately 0.7 percent of natural uranium is U-235, the isotope essential for nuclear weapons, and is in fact the only fissile material found in significant quantities in nature. The rest of the world’s uranium, around 99.3 percent, is the much more friendly U-238. Uranium mined out of the ground usually contains a mix of isotopes. To convert natural uranium into “weapons grade” material it must be “enriched” to increase its concentration of uranium-235.


      Enriching uranium is thankfully both technically difficult and expensive, a fact that has served to limit the number of nations that have thus far developed nuclear weapons.


      Nuclear Fusion


      A second form of nuclear energy is called fusion, which refers to the energy released when atoms are combined or fused together to form another, larger atom.


      “Fusion” is also used to describe the combination of things in a wide range of fields. In music, “fusion” is the term assigned to the mixture of rock and jazz. In the culinary world, “fusion cuisine” refers to the blending of different regional traditions. Over at our local star (i.e., the sun), nuclear fusion is what combines hydrogen atoms to create helium, along with an unfathomable amount of light, heat, and other forms of radiation.


      Like nuclear fission, fusion can produce large amounts of energy, but it comes with a huge added bonus in that the waste material only remains dangerously radioactive for 50 to 70 years. Compare that to the thousands of years of radioactivity that result from fission and you see why “fusion power” is so attractive. In addition, the raw materials for nuclear fusion, water and silicon, are plentiful and widespread on earth.


      Nuclear researchers have been working on nuclear fusion for a long time. If we were able to get it right, fusion power could revolutionize the way we use energy. So far, though, researchers have hit some major obstacles in learning how to control the reaction in a contained space.


      Going Nuclear: Atomic Energy’s History inaNutshell


      The birth of nuclear energy can be traced all the way back to 1895 when the German physicist Wilhelm Roentgen discovered x-rays. Three years later, Marie Curie discovered the radioactive elements radium and polonium, and by the early twentieth century, Albert Einstein developed his groundbreaking theory about the relationship of mass and energy.


      Enrico Fermi, an Italian physicist, first demonstrated nuclear fission in 1934 when his team bombarded uranium with neutrons. In late 1938, two German scientists, Otto Hahn and Fritz Strassman, also demonstrated the workings of nuclear fission using neutron “bullets.”


      On August 2, 1939, just before the beginning of World War II, Albert Einstein and a group of other scientists told President Roosevelt about a Nazi program aimed at purifying U-235 with the ultimate goal of building an atomic bomb.3 The U.S. responded with the Manhattan Project, a massive mobilization of science and engineering resources committed to expedite research on and eventual production of an atomic bomb.


      From the program’s inception in 1939 to the mission over Hiroshima in 1945, the U.S. spent more than $2 billion on the Manhattan Project, which was directed by Robert Oppenheimer and a team of what you could say were the “best and brightest” without the slightest hint of irony. On July 16, 1945, the team got to test their “gadget” and witness the characteristic mushroom cloud of radioactive vapor for the first time. The atomic age was born.


      In 1951, an experimental “breeder reactor” (which created more fissile material than it used) in Idaho produced the first usable nuclear power to illuminate four light bulbs. This might sound almost comical today (four light bulbs??), but it was a technological breakthrough eventually leading to the development of commercial nuclear energy.


      In 1954, the USSR’s Obninsk Nuclear Power Plant became the world’s first nuclear power plant to serve users on a grid. It was capable of generating around 5 megawatts of electric power. By the 1970s, American utilities were building dozens of nukes, but the future of nuclear power was dealt a near-mortal blow on March 28, 1979, when a major accident occurred at the Three Mile Island nuclear plant near Harrisburg, Pennsylvania.


      No one was hurt, but the nuclear power industry never recovered. A confluence of equipment malfunctions, poor design, and human error led to a partial meltdown of the reactor core inside TMI’s number 2 reactor. The release of radioactive material was minute, but public outcry over safety at nuclear plants was anything but. Seven years later, nuclear opponents’ worst fears were realized when the Soviet nuclear facility at Chernobyl exploded, exposing millions of people to high concentrations of radioactivity. The disaster has since been linked to many forms of cancer in natives of Eastern Europe and Russia, and has been tagged as responsible for destroying many animals and plants.


      The one-two punch of TMI and Chernobyl locked public opinion of nuclear power in the basement for the next two decades. The last nuclear plant to be built in the U.S. began construction in 1977, and no new reactors were ordered after 1979. However, there were at that time several in various stages of construction. It may come as a surprise that the “new” Watts Bar nuclear facility in Tennessee came online in 1996.


      More recently, there has been what some industry leaders have termed a “nuclear renaissance.” The renewed interest in nuclear power is being driven primarily by climate change—nuclear is the only form of power generation that can produce as much energy in one place as a big coal plant but without the CO2 and other emissions.


      The Energy Policy Act of 2005 included measures to encourage the nuclear industry to start building new nuclear power plants again, but despite the shifting political winds, the U.S. is in fact behind the curve compared to other countries. Nations as diverse as China, Iran and Finland are already building new nuclear power plants, in many cases with American technology.


      Nuclear Power Plants vs. Nuclear Weapons: What’s the Difference?


      Like its primordial cousin, fire, nuclear energy is tremendously powerful and it can be used for good or ill. Leaving aside those connotations for the moment, what exactly is the difference between the “nuclear” in bombs and the “nuclear” in power?


      In a nutshell (or bombshell?), it comes down to two things: controllability and enrichment. Nuclear power plants utilize a controlled reaction whereas nuclear bombs (of the fission variety) rely on an uncontrolled reaction. Also, for a bomb to work, the fissile material, whether highly enriched uranium-235 or plutonium-239, must be crushed together and held there in a very precise way. These are some very particular requirements, and they simply don’t exist in a nuclear power plant.


      In a power plant, the fuel is uranium and is still enriched, but as noted earlier is actually a different isotope (U-238) from the bomb-making variety (U-235). A nuclear power plant also has an array of means to control the chain reaction so as not to allow it to get out of hand. The main way of doing this is with “control rods” made of a material such as boron that can absorb a lot of stray neutrons. By introducing this material into the reaction, excess free neutrons are captured by the control rods before they can strike another atom and produce even more free neutrons.


      The uranium fuel also comes in rods, which are in turn made up of pellets less than an inch long. Each one packs a wallop, though—energy equivalent to 150 gallons of crude oil. A bundle of these fuel rods are known as an assembly, and one refueling will allow a typical nuclear reactor to run for several months nonstop.


      The fission process also creates radioactive waste, and as you probably know, there isn’t an easy way to deal with it. Mostly it’s stored on-site at nuclear power plants in specially designed containers that are submerged in pools of water. The waste can also be reprocessed to be used again, but that is more expensive and also produces plutonium that could be used to make weapons. The U.S. has a standing policy of not reprocessing nuclear waste. By contrast, France, which generates over three quarters of its electricity from nuclear power plants, uses reprocessing to manage its nuclear waste.


      What Is Radioactivity?


      Radioactive elements such as uranium, thorium, and plutonium break down fairly readily. The energy that is released in the process is made up of small, fast-moving particles and high-energy waves. These particles and waves are, of course, invisible but they are what we refer to as “radiation.”


      So are all kinds of radioactivity bad? Not necessarily, especially if they are used in very small doses. For example, radioactivity is used to sterilize food and medical instruments. A low dose of radiation kills bacteria and other micro-critters that could otherwise cause infection.


      Here’s another example of radioactivity right from your living room. Smoke detectors make use of the isotope americium-241. This isotope emits alpha particles that are used to ionize air. The smoke detector measures changes in the ionized air by running an electric current through it. If the resistance in the current increases (i.e., due to smoke in the air), the alarm goes off.


      To distinguish between radiation that can harm the human body and radiation that cannot, they are separated into two categorizes, ionizing radiation and nonionizing radiation.


      Ionizing radiation removes electrons from atoms, leaving behind electrically charged particles called ions. Forms of radiation like visible light, microwaves (e.g., from your kitchen microwave oven), or radio waves do not have sufficient energy to remove electrons from atoms and hence are called nonionizing radiation. They are harmless.


      Ionizing radiation is another story. Being in close proximity to a radioactive object exposes you to a pelting by trillions of very small energy waves. You can’t see them, or even feel them, but they will damage the cells in your body. A lower exposure might alter the genes in the cells, producing a cancer that will eventually spread but a great deal of exposure can actually break down cells (and the tissues they make up), killing you much more rapidly.


      Types of Nuclear Reactors


      If you’re in the market for a new television, do you go for plasma or LCD? If you are in the market to buy a computer for home use, do you buy a Windows machine or a Mac? If you happen to be the founders of Google, and it happens to be the year 2005, you are probably torn between a Boeing and an Airbus as your personal jet (they settled on a Boeing 767).


      Just as there are different approaches to designing and building flat-panel TVs, airplanes, and automobiles, engineers have developed different types of nuclear power plants. The Coke and Pepsi of nuclear plants, at least the ones used in the United States, are boiling-water reactors (BWRs), and pressurized-water reactors (PWRs).


      A BWR uses the water heated by the reactor core to drive a steam turbine, so the radioactive water is actually doing the work. In a PWR, the radioactive water is kept under high pressure to remain as a liquid, albeit a very hot liquid. The hot water then runs through a heat exchanger where non-radioactive water is turned into steam that runs the turbine. The radioactive water then returns to the reactor to be heated again. About 70 percent of the nuclear power plants in the U.S. use PWR technology.


      Nuclear Energy and the Environment: Disposalof Radioactive Waste


      In terms of harmful emissions like mercury and sulfur oxides, as well as CO2, nuclear energy is much cleaner than fossil fuel power generation. In fact, when compared to energy from coal, it is very clean. Nuclear energy is America’s largest source of clean-air, carbon-free electricity, producing no greenhouse gases or air pollutants, though a small amount of emissions result from processing the uranium that is used in nuclear reactors.


      Of course, there is a downside. After fission occurs, the used fuel stays dangerously radioactive for thousands of years and must be stored in extremely secure containers. This nuclear waste is a health risk and problem.4 Storing it is expensive and if it leaks out into the environment, it can also present a major public health crisis.


      Most nuclear waste is “low-level” radioactive waste. It consists of things like protective clothing used by workers that has been contaminated with small amounts of radioactive dust or particles. There are regulations that specifically address the disposal of low-level waste materials so that they don’t come in contact with the outside environment.


      Spent fuel assemblies, however, are highly radioactive and are stored in specially designed pools that act as both a radiation shield and a cooling mechanism. Some high-level waste is also stored in dry storage containers, but the pools are more common. Older waste, which has had a chance to break down more and is not as radioactive, and less-spent fuel assemblies are also stored in air-cooled facilities that are built of concrete or steel.


      The United States Department of Energy has been planning a central repository for the nation’s spent nuclear fuel at Yucca Mountain, Nevada.5 However, the project has run into stiff opposition from Nevada residents, chief among them Senator Harry Reid, who currently also happens to be majority leader and as such controls the legislative calendar in the Senate. While the need for a long-term solution for nuclear waste is obvious, it isn’t at all clear today whether Yucca Mountain will ever store a single canister of the stuff.6


      Public Concerns About Nuclear Power


      The cultural history of nuclear energy in the U.S. is epic in its proportions. Billed initially as our energy savior, electricity would become “too cheap to meter.” Every modern convenience you could think of, and many more you hadn’t, would all soon be making our lives easier. Then the dual issue of what to do with the waste and how to prevent weapons proliferation took the shine off our new energy toy.


      By the late 1970s, there was already a substantial antinuclear movement under way in the U.S., not to mention other countries. When Three Mile Island happened, it galvanized the movement. When Chernobyl happened, anti-nuclear sentiment went mainstream.


      In the wake of September 11, a new specter appeared on the nuclear horizon. The idea that terrorists could acquire a nuclear weapon was and is frightening in the extreme. No longer is the vast destructive power of these devices controlled by a small group of (presumably) rational state governments. Heck, even some of those are demonstrably less than rational. (The guy with the platform shoes and funny hairdo in North Korea comes to mind.)


      Our nuclear plants themselves could be exploited by terrorists to release radioactive material into the environment, even if by the crudest of means. When you add up all of these potential very bad scenarios, you might start to wonder why we even bother. Indeed, many people have asked that very question.


      Rock ’n’ Roll Hall of Famers Jackson Browne, Bonnie Raitt, and Graham Nash started “Musicians for Safe Energy” in an effort to increase public awareness about the pitfalls of nuclear energy.7 In addition to organizing “No Nukes” concerts, they pushed Congress to stop underwriting loans that utilities need to build new reactors. Other high-profile figures like Patti Davis, daughter of former president Ronald Reagan, spoke out against nuclear power while her father was in office.


      More recently, international attention has focused on states like Pakistan that started off with civil nuclear programs but ended up with weapons programs. That’s precisely what has Western leaders so concerned about Iran, and though we made fun of his fashion sense a moment ago, Kim Jong-Il has nuclear ambitions of his own that should not be taken lightly.


      The formerly exclusive nuclear “club” is becoming more accessible all the time. It’s a widely known fact that the information necessary to build a nuclear bomb is readily available, and has been for years—no Internet required! The only thing stopping you or any of your more industrious friends from building one is the difficulty associated with acquiring and processing the fissile material.


      Will We Ever Build Another Nuke?


      We believe that dropping partisan A-bombs and sharing strong one-sided opinions on nuclear energy only clouds (or should we say mushroom clouds) the underlying complexity of the issue. That is neither fair to our readers, nor is it the purpose of this book. In line with the rest of the chapters, we will offer both sides of this heated debate and let you reach your own conclusions.


      Those opposing nuclear power point to the following deal-breaking issues:


      Nuclear waste disposal: Spent fuel is now stored on-site at nuclear plants, and it needs to be kept cool. Loss of coolant is one of the most frightening scenarios because if that were to happen, contamination could spread for hundreds of miles. The result would be immediate (i.e., in weeks or months) deaths numbering in the thousands with many more cancer-related deaths to follow. The U.S. has just over 100 operating nuclear plants and fully half the population lives within 75 miles of one of them.


      Radioactivity and impact on human health: Low-level radiation exposure is a health risk in its own right. It has been linked to a long list of problems including birth defects, cancer, and immune disorders, just to name a few. Low-level exposure is a possibility that comes with any nuclear facility, and the effects may be more difficult to detect than a high-profile accident.


      Reactor safety: Nobody wants another Three Mile Island, and certainly not another Chernobyl. Enough said.


      Terrorism: Critics fear that the countries now seeking nuclear energy capabilities, including Iran and North Korea, are just looking for a back door to nuclear bombs. These same critics also express concern about the possibility of theft in transit if our nation’s nuclear waste is to be gathered into a central repository like Yucca Mountain.


      Potential for renewable energy: Continued research has brought down the cost of renewable energy substantially. The costs of wind energy, photovoltaics, and ethanol fuel have plummeted from the 1980s to today. In light of this, antinuke advocates ask why we look to nuclear power when it is ridden with so many risks.


      Overall financial risk: Nuclear power plants may have low fuel costs, but the costs of constructing the plant (initial capital costs) are very high. Also, since many companies will be entering the market after a thirty-year hiatus, these high costs may be underestimated by a significant amount, making the project uninsurable by private insurance companies. Enter the feds.


      The Energy Policy Act of 2005 authorized the federal government to step in and provide risk assurance that amounts to a huge subsidy in the best case, and a liability shield in the worst case, to help make these new nuclear power plants financially viable—a controversial subject in itself. Even with that, the upfront cost of new reactors is so high that private shareholders are reluctant to back new plants.


      
        Additional Resources on the Web


        Visit http://www.NukeFree.org for a more complete set of arguments against nuclear power.

      


      The proponents of nuclear energy typically respond with the following arguments:


      New and safer technology: The next generation of nuclear reactors, which are being built around the world right now, is based on designs that rely on natural processes like gravity and less on technology that has the potential to fail, like say, a water pump. So far, the Nuclear Regulatory Commission has certified four new reactor designs and is reviewing an additional four.


      Procedures and protocols to ensure safety: The nuclear industry points to the fact that there has not been one single injury to a nuclear plant worker in all its 104 power plants and 50 years of service in the United States. Also worth noting is that both the plant design and safety procedures used at Chernobyl were far weaker than what would have been allowed in a U.S. reactor.


      Recycling used fuel: A pipe dream in the United States even a few years ago, the goal of recycling spent nuclear fuel has today started to gain credibility thanks to the Global Nuclear Energy Partnership. The program would identify “fuel supplier nations” to enrich uranium and take in spent fuel from “user nations” that use the fuel in nuclear power plants. The idea is to encourage the use of nuclear power by limiting the cycle of fuel processing to a handful of trusted nations and thus minimize the risk of fissile material falling into the hands of terrorists.


      Yucca Mountain repository: To address opponents of the central repository, nuclear energy boosters point to another way to store spent nuclear fuel: Dry casks on-site at nuclear power plants, thus preventing the need for transporting them to Nevada.


      Carbon-free energy: Nuclear energy is proven large-scale CO2-free electricity production. While wind and solar energy show a lot of promise, they are relatively small sources of emission-free electricity. Nukes, on the other hand, are terrific at producing reliable, round-the-clock energy with no CO2 released into the air. The 104 nuclear reactors produce more than 70 percent of all carbon-free electricity in the U.S., making them a better contender to replace “King Coal.”


      
        
          Additional Resources on the Web


          Visit http://www.nei.org for a more complete set of arguments in favor of a renaissance for nuclear power.

        


        
          Fun Fact: Did You Know?


          n There are approximately 440 operating nuclear power plants around the world and together they provided about 15 percent of the world’s electricity. The U.S. accounts for nearly a fourth of all nuclear plants, and gets about 20 percent of its electricity from nuclear energy.8


          n U.S. nuclear plants (once constructed) produce electricity for 1.76 cents per kilowatt-hour, compared to 2.47 cents for coal and 6.78 cents for natural gas.9


          n Of the 31 countries that have a civilian nuclear program, some depend more on nuclear power than others.


          n In France nuclear power is the most widespread; about 77 percent of the country’s electricity comes from nuclear power.10


          n One ton of uranium produces more energy than is produced by burning several million tons of coal or several million barrels of oil.

        

      


      Conclusion


      Today, the U.S. gets roughly one fifth of its electricity from the 104 nuclear power plants that are still operating across the country. Many of them are reaching the end of their designed lifespan. The question of how (or if) we use nuclear energy will turn on a wide range of considerations, but the biggies are shaping up to be climate change on one hand and terrorism/weapons proliferation on the other. The fact that environmental concerns appear on both sides of the issue gives you some idea about just how difficult this question is.


      Depending on whom you talk to, nuclear might be a dangerous relic of the cold war, good for nothing but trouble, or it might be the silver bullet—or at least a big piece of silver buckshot—in our quest for energy sources that don’t exacerbate climate change.11


      While we wrestle with these issues, it’s worth pointing out that numerous other countries have already reached their own conclusions about nuclear energy, and many are going all-in. China has plans to build over thirty nuclear plants to reduce its use of coal. Japan is looking to expand its fleet to diversify away from imported fuels (granted, they’d still have to get their uranium from someplace, but presumably that would be easier than maintaining a steady flow of fossil fuels).


      Here at home, nine permits are in the approval process for new reactors to be built on existing plant sites. Recent polls have shown a new receptiveness to nuclear too: 63 percent of Americans now favor nuclear energy as one way to provide electricity.


      What we ultimately decide to do with (or about) nuclear energy could well be the most important single decision in our energy future. Whatever side of the issue you’re on, we hope you’ll take the time to get the facts and make an informed decision.

    

  


  
    
      17

    


    
      The Geopolitics of Oil

    


    
      Several years ago in TV land, the Simpson family and other residents of the city of Springfield got a taste for the repercussions of addiction to oil. When shaggy-haired, thickly accented Scotsman and groundskeeper Willie tries to bury a class’s dead hamster, he strikes oil. This means that the school is now rich. Principal Skinner can’t wait to start spending the money from the oil well and so he starts to approve every silly request that comes his way.


      Mr. Burns, the evil overlord of the Springfield nuclear power plant, also has designs on acquiring the newfound resource. Principal Skinner rejects him, but when they turn on the oil well for the first time, they find that someone else beat them to it—Mr. Burns! His new slanted well creates a host of problems from injury to the Simpson family pet to the closure of the landmark Moe’s Tavern due to toxic fumes.


      We’re definitely not suggesting that you have to rent The Simpsons to get a sense for our dependence on oil and the chaos that can ensue when there is a scarcity of it. (But just in case you are curious, and want to rent it anyway, the episode is from the 1995 season and is fittingly titled, “Who Shot Mr. Burns?”)


      Of the many sources of energy, oil is undoubtedly the world’s most widely used. Rising scarcity of oil can even lead to war. In this chapter, we will discuss the serious relationship between energy and war, and the geopolitics of this very important energy source.


      Strategic Importance


      We take it as a given today that oil is a vital commodity, and that a steady uninterrupted supply is essential to the global economy. However, oil’s dominance is a relatively new feature of the geopolitical landscape. After all, coal was still the dominant fuel through much of the twentieth century.


      War, however, put oil on the strategic map, cementing its status as the fuel of choice. In World War I, Britain converted its ships to oil power while the Germans stuck with coal.1 It was a risky move because the UK didn’t have domestic reserves and so had to rely on imports from Asia. However, the superior speed and operational efficiency of oil-powered battleships proved to be decisive.


      In 1944, General George Patton famously ran out of gas—literally—in his push from the beaches of Normandy toward the German homeland. Patton argued ferociously for more supplies, but Eisenhower chose to direct more fuel to General Montgomery’s operations along the French coast as he moved to take Antwerp. Patton was furious, and Eisenhower’s decision was debated for decades afterward, not least because of the substantial casualties the Allies suffered in the grinding final months before the fall of Berlin. Had Patton been given his precious gasoline, he may well have brought the war to an end much earlier, but his forces may just as well have been decimated by a re-forming German army.


      Oil’s military value was mirrored in the industrial economy, and by mid-century it was clear that it was the lifeblood of the developed world. Franklin Roosevelt stopped in to visit King Saud on his way home from Yalta in 1945 to build his relationship with the man and strengthen the link between America and Saudi Arabia. Roosevelt told the monarch that his kingdom was “more important to U.S. diplomacy than virtually any other nation,” and with good reason. Saudi Arabia’s oil fields were the largest yet discovered, and represented long-term security for U.S. energy interests at a time when America’s dominance in the world oil market was beginning to wane.


      Oil Wars


      Later world events would see oil affected by war more than vice versa, at least on a tactical level. The Yom Kippur War of 1973, for example, wasn’t so much determined by one side’s oil advantage, but it did precipitate the first of the “oil shocks” of the 1970s as prices shot up.2 Oil itself was now a potent weapon. Even before the 1973 war, the prime minister of Iran, Mohammed Mossadegh, was ousted in a coup orchestrated by American and British intelligence agencies. The primary impetus for the coup: Mossadegh’s nationalization of the Iranian oil industry.


      
        [image: photo_17_1.tif]


        
          Figure 17.1 Oil well fires in Kuwait during the first Gulf War. (U.S. Department of Defense)

        

      


      The tables turned when the Shah, installed by Western interests, was uninstalled by the 1979 Iranian revolution. Saddam Hussein, still a strapping young dictator at the time, saw an opportunity to seize Iran’s oil (among other things) and started the Iran-Iraq War, which would last eight very bloody years and end in a stalemate. Now heavily in the red (financially speaking), Saddam decided to remedy his debt problem by invading Kuwait. He was also a bit peeved by Kuwait’s habit of producing above its OPEC-set quota.


      The threat Saddam’s invasion posed to the flow of oil to the global market was unacceptable to the West. Kuwaiti sovereignty was certainly something to fight for, but it’s doubtful a regional war of liberation would have attracted the participation of thirty-four countries had oil not been involved. The irony here was that just a few years earlier the U.S. was buddying up to Iraq as a check on the Soviets’ influence in the region via Iran.


      The conflicts in the Middle East had a direct impact on oil prices for the obvious reason that so much of the world’s oil is found in that part of the world. Other wars, however, have had little or no influence on oil prices. During the wars in Korea and Vietnam, for example, prices remained stable and even declined as the supply of oil was never in danger.


      The war in Iraq begun in 2003 was construed by many opponents to it as a “war for oil.” While this may not be true in a literal sense, it is at least valid that one of the motivating factors for the invasion was, as in the first Gulf War, the preservation of a stable energy supply to the world economy. It’s worth repeating here that Iraq is second only to Saudi Arabia in the oh-so-profitable “conventional oil reserves,” much of which have yet to be tapped. Replacing Saddam Hussein’s brutal regime with a democratic government amenable to foreign investment would represent a major change in the oil landscape at a time when demand is greater and more diversified than ever.


      The Trend Toward Nationalization


      As we saw in Volume 1 with the new “Seven Sisters,” there is a clear trend toward oil-producing nations taking greater control over their oil industries. The limited supply of all kinds of natural resources, even water, has been brought into sharp focus as more of the developing world moves toward the “developed” end of the economic continuum.


      Nationalization, however, has been going on for decades.3 Mexico seized control of its oil industry in 1938, followed by Iran in 1951 and Venezuela in 1976. Saudi Arabia took a 25 percent ownership stake in Aramco in 1973 and by 1980 owned the company outright.


      Oil is a geopolitical trump card, and as the economies of countries like China and India rise to claim their share of the petro-goodies, it becomes that much more valuable. Oil is not simply a source of tax revenue; it is influence in a barrel. It’s hard to imagine a government, especially one in a developing country with a desire to raise its population out of poverty, that wouldn’t make a move at some point to assume control of its most valuable resource.


      One look at the list of big producers and consumers of oil, though, and you can see where interests might collide. China, the U.S., even Europe—none of these big-time consumers has nearly enough oil of its own to supply its growing appetite. So, we go shopping at the world oil market. Some of the vendors are friends of ours (Canada, Mexico, and the UK), and some . . . well, let’s just say they appreciate our business but they won’t be having us over for tea anytime soon.


      All of this international intrigue makes for strange bedfellows, and one dark fact is perhaps more illustrative of this situation than any other: of the 19 hijackers who perpetrated the 9/11 attacks, fully 15 were from Saudi Arabia, in theory one of our strongest allies in the Middle East.


      Oil and Party Politics in America


      Time for the next installment of “Dating yourself with energy trivia.” See how many of these political refrains ring a bell:


      n “Drill, baby, drill.”


      n “It’s the economy, stupid.”


      n “Freezing in the dark.”


      n “No nukes.”


      As this highly subjective list illustrates, energy has long been an integral part of the political landscape in the U.S., and the world. We could write an entire book just on oil politics over the last thirty years, but given the very limited time we have with this subject, we’ll just stick to a few interesting facts.


      Probably one of the most reliable indicators of a given president’s popularity—aside from what he or she is actually doing in the job—is the price of gasoline. Cheaper gas, happier constituents. In fact, Business Week published an analysis in 2006 that showed a remarkable correlation between rising gas prices and sinking presidential approval numbers since the early 1970s. However, the trend only works one way: the analysis also found that falling gas prices don’t necessarily help the Current Occupant’s approval rating.


      Energy is vital to the economy, and the cost of it has an immediate and broad-based impact. It’s no wonder, then, that oil has such a great influence, and the fact that nearly all of us rely on it to get from point A to point B only makes it that much more visible.


      Lately, energy has become something of a political football as the irresistible force of economic growth has run up against the immovable object of climate change. Everyone wants clean energy, but no one wants to pay for it. The U.S. enjoys some of the lowest gasoline prices in the developed world, but if the price at the pump goes up substantially, we start hearing calls to drill in the waters of the outer continental shelf, the Arctic National Wildlife Refuge or similar pristine locations. Improving fuel efficiency would go a lot further (and sooner) toward energy independence, but show us an elected official who espouses $4 gas as part of the solution and we’ll show you a soon-to-be political consultant.


      As we move forward into our “carbon constrained” future, it seems a safe bet that we’re going to have to get off of oil, or at least greatly reduce our consumption, if we are to meet the objectives now beings discussed with regard to CO2 emissions and climate change. At this point, though, the world still runs on oil, and it’s going to take a long time to alter that fundamental reality.
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      Energy Efficiency

    


    
      Kermit the Frog, created by Jim Henson, is one of the most recognizable puppets in history. Reportedly, Henson fashioned the original Kermit out of a green ladies’ coat that his mother had thrown away, and made the eyes with two halves of a Ping-Pong ball. Not exactly the ultra-realistic creatures that populate TV and film today, but it was good enough to land Kermit several appearances on the Tonight Show and even a guest host spot on CNN’s Larry King Live in 1994.


      Kermit epitomizes the core message of this part of the book: a lot of great things can come out of eliminating waste. We’re mainly interested in the waste of energy, but the idea can be applied to many different things. By reducing our energy wastage we can reduce our environmental pollution, cut our dependence on foreign oil, lighten the financial burden of filling up our gas tanks, and even create new jobs.


      “Green” (a.k.a. environmentalism) is everywhere, in magazines, television, newspapers, even in movies. Protecting the environment is a topic discussed from the schoolroom to the boardroom, and we’re convinced it’s here to stay. Of course, a major part of improving our relationship with the planet we live on has to do with where we get our energy and how we use it. We need to be prudent in terms of where and when we use energy, but we also need to improve how we use it.


      This is where the concepts of energy conservation, energy efficiency and green living come together (and no, those first two aren’t the same thing, as we’ll see in a moment).


      We’re going to suggest that you can have it all. We’re going to argue that saving energy (and the environment) does not have to be a joyless exercise in self-denial, and that there are steps we can take today with existing technology to greatly improve the way we use energy.


      We’re not going to provide you with a top 100 list of things to do to give your home or office a green makeover. (There are plenty of books that offer terrific to-do lists.) Our goal is to provide you with a big-picture view of what efficiency and conservation really mean, and how we are already moving toward the goal of sustainable living, another buzzword that we’ll try to put into context along the way.


      By the time you reach the end of this part, we think you’ll agree that, in contrast to Kermit’s signature line, it is easy being green.
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        Reducing Energy Wastage

      

    


    The United States uses more energy than any other country, but you probably knew that already. Our nation is large, and we have a lot of big, energy-eating industries here, but we’re also eating a lot on an individual basis. A funny thing happens to conventional wisdom, though, when you look into the details. In fact, on a per-capita basis, the U.S. ranks behind Iceland, Canada, and even tiny Luxembourg in terms of energy use.


    So what gives?


    Energy usage by humanity can be divided into three large categories, each of approximately equal size. One third of the world’s energy is consumed in the buildings and homes where we live and work. Another third is consumed in the factories and other industrial facilities that produce the products we use, and the remaining third is used in transportation of various kinds.


    Where the statistics get interesting is when you look at what we get out of the energy that we use in terms of economic activity. As a whole, the U.S. uses a lot of energy, but we also get a lot out of it. The measure of how much energy a country needs to produce a dollar’s worth of product is called “energy intensity.” The U.S. uses 9.8 megajoules of energy to produce one dollar of gross domestic product (GDP). That level puts us just a touch higher than China (9.6 MJ), but more than double the figure for India (4.4 MJ) .1 Lower energy intensity equates to greater efficiency, but it also means more manual labor is used instead of energy-consuming machines to do the work.


    The U.S. Department of Energy categorizes energy use in four broad sectors: transportation, residential, commercial, and industrial. Residential buildings are the homes, apartments and townhouses we live in. Commercial buildings include the office buildings, restaurants, coffee shops, movie theaters, and airports we frequent, but overall we spend more of our time at home.


    Simply put, commercial buildings are ones that we visit for some portion of the day, but typically don’t live in unless of course you are Tom Hanks in the film The Terminal. Tom’s character, Viktor Navorski, is forced to live in New York’s Kennedy International Airport for over nine months, unable to enter the United States or go back home to the fictional country of Krakozia. He makes do with whatever services and facilities are available to him inside the four walls of the airport to get by on a daily basis. And most importantly, he does so with a smile. In many ways, this is the idea behind energy conservation—using as little energy as possible to meet our daily needs.


    In this chapter, we will provide you with a brief overview of concepts of energy conservation and energy efficiency. There are some areas where you, the individual consumer, have more control than you may think. For example, did you know that over half of U.S. energy consumption is in the transportation and residential sectors, both of which are largely controlled by the choices you make as an individual?


    The idea that a person would or should think about such things is really quite a recent one. Outside of a few early environmentalists, the concept of limiting one’s consumption of anything, including energy, was simply not on the table for most people. Energy was cheap. It was abundant. And we used it accordingly. Then something happened that would change the way we look at energy forever.


    The Wake-Up Call


    In October of 1973, Arab forces led by Egypt and Syria attacked Israel to begin what would become known as the Yom Kippur War. Within weeks, the conflict moved from arms to economics when OPEC imposed an oil embargo on the U.S. and a 70 percent price hike on oil to Western Europe in retaliation for their support of Israel.2 Prices at the pump shot up, reaching a preposterous $1.20 per gallon (that’s $5.75 in today’s dollars), four times the going rate before the crisis began.3


    The result was an instant recession that rocked much of the Western world. If you’re old enough to have had a car or even if you were only old enough to remember sitting in the back seat, you can probably remember the gas lines, the tension, and the overall feeling of helplessness.


    It was this singular event that awakened the United States from its energy-eating slumber on a widespread basis. Suddenly, “conservation” actually meant something in dollars and cents. The average American consumer now had a very tangible reason to be interested in how much energy they were using.


    Climate change has created a kind of second wake-up call, though without the suddenness of the oil embargo but with far wider implications.


    Energy Conservation, Energy Efficiency, and Green Living


    Jimmy Carter had been president for just two weeks when he donned what would become perhaps his most remembered piece of clothing, a wool cardigan sweater, in a televised appeal to Americans to reduce their energy use. The message received by those watching was stark, a sort of presidential guilt trip, and it didn’t take.


    In fact, we’re willing to bet your impression of the word “conservation” might even have a certain association with this idea. The point is, our understanding of energy use has come a long way, but we still tend to view it as a zero-sum game—using less means going without, giving something up . . . sacrifice!


    Now let’s try another word association. When we say “energy efficiency,” what comes to mind? Hybrid cars? Compact fluorescent light bulbs? Maybe a new ENERGY STAR fridge to replace the old one in the kitchen? Whatever is in your mind’s eye, we’re betting it isn’t quite so gloomy a picture as what the term “conservation” conjures up.


    So, what’s the difference between these two things? Aren’t they basically the same? Well, yes and no.


    When it comes to doing more with less in the energy world, conservation is the “what” and efficiency is the “how.” You might conserve energy if you recycle your newspapers since it takes less energy to produce paper from recycled newsprint than it does to produce it from trees. But the paper mill that makes the stuff might do so with more or less efficiency depending on what kind of equipment they’re using and how they run their plant.


    See, efficiency is essentially a bang-for-the-buck measure. As we learned in Volume 1, combined cycle power plants generate more electricity from the same amount of fuel used by a conventional plant. They are more efficient because they lose less energy as heat. Similarly, compact fluorescent light bulbs produce the same amount of light using far less electricity compared to incandescent bulbs (and by the way produce far less heat as well).


    What we’re really talking about is minimizing waste. By conserving energy so we use less of it, and by using it more efficiently when we do, we’ll make our supplies last longer and reduce the negative impact of our consumption on the environment.


    In recent years, the terms “green living” and “sustainable living” have emerged in our public consciousness as a broader application of this same idea of minimizing waste. In many ways it is larger than energy, as it refers to an entire lifestyle geared toward using less natural resources. All of these concepts, collectively and individually, are valuable because they benefit our security and economic well being as well as our environment. When energy efficiency is combined with conservation and sustainable living, the benefits are compounded.
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      Energy Efficiency Begins at Home

    


    
      Gas prices shooting up and monthly electric bills making a relentless crawl upward makes for a one-two energy punch that is enough to knock us out cold. In this chapter, we will take the concepts learned in the previous one—energy conservation, energy efficiency, and sustainable living—and bring them into our homes. We will provide you with a list of strategies you can execute to give your home an efficiency overhaul.1, 2, 3 Call it the Extreme Makeover: Green Edition.


      By no means do we contend that this list is exhaustive. Further, we are also keenly aware that this is only the beginning. We humans are likely going to have to make some changes in the way we live, but our point here is that there is much we can do right now, today, that is relatively painless. In fact, energy efficiency is by far the most expedient means of reducing energy-related pollution and CO2 emissions, not to mention our dependence on foreign energy sources. Plus, taking action in some or all of the areas that follow could well save you money in addition to saving the environment.


      Conduct an Energy Audit


      In the cult TV series Buffy the Vampire Slayer, the title character gets some help from a “Watcher,” who trains and guides her. Well, this time around, the Watchers’ Council has assigned us to train you to slay a vampire of a different kind, energy vampires that drink electric power in the dead of night, when you are fast asleep.


      The skinny on home appliances is that they use a certain amount of energy even when you are not actively using them. This “feature” is known as standby mode, but it isn’t limited to computers. Televisions and other home electronics use standby mode so they can spring to life a few seconds faster when you turn them on (kind of ironic since, in a sense, they are already on).


      So, the first step in this battle is to understand how much electricity you use, what you are using it for and when you are using it. You can accomplish this yourself or get help from your local electric utility. In fact, many utilities offer a free energy audit via their website. Fill out a questionnaire, click the applicable check boxes and you are off to a great start!


      You can also hire a professional energy auditor to visit your home for a more thorough scrutiny of your energy consumption patterns: your car, your natural gas consumption, your electricity load, your daily commute, even your plane trips.


      
        Key Concept: What Are Online Energy Audits?


        With monthly energy bills burning big holes in our wallets, saving energy is a priority for many. Give Home Energy Saver (http://hes.lbl.gov/) your ZIP code and answer a short questionnaire and the website shows you how much you can save by making your home energy efficient. It also gives you tips to accomplish your goal.


        This website is sponsored by the U.S. Department of Energy under the ENERGY STAR program for improving energy efficiency in homes.


        Flex Your Power also offers a do-it-yourself home energy audit to help you identify your energy efficiency strategy. Visit http:/www.fypower.org for more details.


        And don’t forget to connect with your local utility to find out about energy saving tips. They may offer assistance to help you become more energy efficient. You can find a partial list of efficiency incentives in your state from the Database of State Incentives for Renewables and Efficiency at http://www.dsireusa.org/.

      


      Use Technology to Slay Energy Vampires


      In utility parlance, the term for appliances that drink electric power even when in standby mode is “phantom load” or “vampiric load.”4 Sounds spooky, and it is, in a way, with all these devices secretly sucking up electricity when they’re supposedly turned off. So, how do you slay these invisible phantom loads that lurk in the dark crevices behind your entertainment center? There are a variety of new technologies in the market that help track and eliminate energy wastage.


      A number of new gadgets have come on the scene in recent years under the umbrella term of “smart house” products. But you needn’t turn your home into a science experiment to kill off a few of your local energy vampires. Below are a few ideas to whet your appetite.


      P3 International offers a unique meter called a Kill A Watt™ meter that assesses how efficient a given appliance is.5 The meter tracks consumption similarly to how the utility does, in kWh, and you can calculate your electrical expenses over a given period of time.


      “Smart” power strips allow you to have a kind of master switch for a whole group of devices.6 When one “master” device is turned off—say, your TV—the rest of the devices are shut down at the same time.


      “Smart metering” refers to an advanced type of electric meter outside your home that allows your electric utility to directly and instantaneously read energy consumption information from your home. Many utilities also make this data available online so you can analyze your own energy usage. What this means is that your electric power meter can tell you the cheapest time to run equipment or appliances based on the price of electricity in your region at that moment. For example, you could be saving a bundle simply by running your dishwashing machine and clothes dryer after 8 pm.


      Information-giant Google has entered the smart grid world with the Google PowerMeter. This software application links to utility information and shows consumers graphical charts and plots of their power use.


      Swap Out Your Energy-Guzzling Appliances forMore Efficient Ones


      This is the electric equivalent of replacing an SUV with a more efficient hybrid vehicle. But in the case of home appliances, you don’t have to give up functionality to realize some serious energy savings. Refrigerators, dishwashers, and washing machines have all improved greatly in the past several years, so if you own one that is more than a decade old, chances are you’re paying more than you should for the energy to run them.


      The improvements in efficiency have come largely through standards imposed by the federal government, which have been progressively raised over the years. Refrigerators are the poster child: today’s best models consume less than half the energy used by an average model from just twelve years ago.


      Opt for ENERGY STAR® Appliances


      ENERGY STAR might just be the most successful efficiency program the Department of Energy has ever launched. It’s straightforward, easy for consumers to use, and makes a very clear case for buying more efficient home appliances.


      According to the Department of Energy, if just 10 percent of American homes used all ENERGY STAR products, the resulting drop in carbon emissions would be equal to planting 1.7 million acres of trees.7 DoE also reports that ENERGY STAR appliances in 2008 cut $19 billion from consumers’ energy bills and the equivalent of 29 million cars’ worth of GHG emissions.


      Use the EnergyGuide Label


      If you’ve purchased a new washer, fridge or other appliance recently, you’ve seen the EnergyGuide label. It’s big, it’s yellow, and it’s required on all new appliances sold in the U.S. The idea is to allow consumers to compare appliances in terms of energy consumption and operating cost on an apples-to-apples basis.8


      Try on Jimmy Carter’s Sweater


      Ok, we didn’t really mean that literally. (We don’t want you searching for President Carter’s cardigan on eBay. We looked—it’s not there.) But you can give your monthly electricity bill a trim by being aware of your thermostat setting. Combined with sufficient insulation and well-sealed windows and doors, a programmable thermostat could save you a bundle. (And wearing a sweater won’t hurt you either.) According to the Alliance to Save Energy (http://ase.org/), even a one-degree reduction on the thermostat will save you about 3 percent on your heating bill. (Don’t let that word “programmable” scare you off; it takes less than a minute to figure out how to set your heating and air conditioning to use less energy at night or when you’re away.)


      Run Your Appliances During Off-Peak Hours


      If you’re already on a time-of-use rate with your local utility, then you’re probably aware that it makes sense to run appliances like dishwashers and washing machines at night. If you’re on a flat rate, you might want to check with your utility about moving to time-of-use. And if they don’t offer a TOU rate, ask them why—it makes as much sense for the utility from an operational standpoint as it does for the customer from a price standpoint. Bob and his wife switched a few years ago and now about 85 percent of the power they use is during off-peak times. We’d be lying if we said the savings were large, but hey—free money is free money.


      
        Key Concept: What Are On-Peak

        and Off-Peak Hours?


        Human activity takes place in cycles. Excluding some of you party animals out there, a few students cramming for their finals, and Vikram’s daughter who revels in waking up at 3 am every day, most of us rest at night and leave activity for the daytime. This translates to how we use energy.


        Simply put, our total energy consumption varies widely between day and night. If you tracked how much energy your home used every single hour of the day for an entire week, and plotted it on a graph, you’ll see that it varies in cycles, up during the day and down during the night.


        The hours of highest energy consumption are called the “on-peak” hours, and they typically occur in the late afternoon when air conditioners are working hardest and before people leave their places of work. The energy that has to be provided to consumers during this time period is called peak load. The remaining hours of the day are the “off-peak” hours when people are heading back home after work, slowing down their activity and preparing for rest later on at night.


        Factories and office buildings are offered different electricity rates based on how much energy they consume during peak hours versus how much they consume during off-peak hours. These rates are known as time-of-use or TOU rates. By switching the use of machines and equipment to off-peak hours when possible, customers on these rates can save a lot of money.


        Residential electricity customers are now beginning to have more access to TOU rates, but there is an environmental benefit to shifting your energy usage to off-peak periods since it reduces the need for peaking power plants to be built. With more smart meters being installed at homes, we may soon see an increase in the number of residential customers on TOU rates.

      


      Don’t Flush Money Down the Toilet


      Cutting back on your consumption of bottled water will save you money, but in this case we’re taking about something different. It is about the money that you flush down your toilet every single day—literally! Did you know that 10 to 20 percent of your state’s electricity is used to collect, purify, transport and treat water? 9 Ultra-low-flush toilets use about 20,000 gallons less water annually than older models. You can also purchase low-flow shower heads that will cleanse you of this hidden energy waste.


      Reduce your water consumption and you’ll reduce your home water heating bill and your state’s electricity consumption all at the same time.


      Take Advantage of Federal Tax Credits andEnergy Rebates


      There are several energy efficiency improvements that are eligible for a federal tax credit. They include installation of geothermal heat pumps, solar water heaters, solar panels, small wind energy systems, and fuel cells. Even just choosing a higher efficiency version of a traditional forced hot water heating system (i.e., baseboard heat) can get you enough money in rebates to offset the additional cost.


      You need to file IRS Tax Form 5695 with your taxes to claim federal credits. Tax incentives are also available for windows, doors, insulation, HVAC, and non-solar water heaters. You can find a lot more information on federal tax credits for energy efficiency home improvement at Energy Star (http://www.energystar.gov) and at the Alliance to Save Energy (http://ase.org/content/article/detail/2654).


      
        Key Concept: What Is a Federal Tax Credit?


        In general, a tax credit is more valuable than a tax deduction of the same amount. A tax credit reduces the tax you pay, dollar-for-dollar. Tax deductions, such as those for home mortgages and charitable giving, lower your taxable income. So, if you are in the highest 35 percent tax bracket and you get a $1,000 tax deduction, you’ll get $350 back at the end of the day. If you get a $1,000 tax credit, every dollar of it goes back to you when you file your return.

      


      A Bright Idea on Light Bulbs


      Light bulbs have been around since the early days of electricity and stand as a symbol of innovation and new ideas. From jokes (“How many lawyers/engineers/musicians does it take to screw in a light bulb?”) to cartoon thought bubbles, they are a ubiquitous symbol for the usefulness of electricity and good ideas. In recent times, they have also become the symbol for energy efficiency. Time magazine felt so strongly about it that they put a light bulb on the cover of their January 2009 issue, a compact fluorescent bulb.


      The traditional incandescent bulbs we’re all used to are not very energy efficient. Compact fluorescent light bulbs (or CFLs) use 75 percent less energy and can last up to ten times as long as comparable incandescent bulbs.10 You can expect to save about 700 kWh over the lifetime of each CFL11, 12; and depending on where you live, that translates to $30 to $75 worth of electricity per bulb! (As that wide range tells you, it’s also worth taking a moment to look at your electric utility bill to see what you’re paying per kWh; that one bit of information can help you assess the cost-effectiveness of various efficiency measures discussed here.)
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          Figure 19.1 CFLs last longer and deliver more of the

          energy they use as light. (Gina Fesmire)

        

      

    


    
      Fun Fact: Did You Know?


      n In 2008, the average household spent a total of over $5,500 on energy. However, only $2,200 of it went to energy costs inside the home. The other $3,300 went to transportation fuel (i.e., gasoline).


      n Your heating and cooling costs alone account for about 50 percent of your home’s monthly energy bill.


      n Energy vampires use 5 percent of our monthly energy consumption and cost consumers more than $3 billion every year.


      n Refrigerators are the big energy consumers among home appliances, and can use up to 20 percent of the total electricity in your home. You can make your fridge more efficient by filling it up with stuff (food, or even just jugs of water) since the less air there is, the easier it is to keep everything cold.


      n Energy-efficient showerheads and faucet aerators can reduce the amount of water released from a tap by up to 50 percent. Less hot water means less energy to make the water hot.


      n Only 25 percent of the total cost of having an air conditioner is in the purchase price of the unit. The other 75 percent goes to the energy used over its lifetime.


      n A high-efficiency room air conditioner can cut energy consumption by 20 to 50 percent. Replacing a 10-year-old room air conditioner with an Energy Star model can cut energy bills by an average of $14 a year.


      n If every household replaced just one incandescent light bulb with an ENERGY STAR qualified CFL bulb, the energy saved would be enough to light about 3 million homes for a year.


      n Around 80 percent of the energy used to wash clothes goes into heating the water. Try washing in cold.

    


    
      Additional Resources on the Web


      Visit the following websites for up to date information on energy efficiency:


      n U.S. Department of Energy’s Office of Energy Efficiency and Renewable Energy (http://www.eere.energy.gov/kids/smart_home.html) offers games, tips, and facts for kids who want to save energy.


      n The Energy Hog campaign (http://www.energyhog.org) at the Alliance to Save Energy focuses on educating the general public on energy efficiency related issues.


      n The Alliance to Save Energy (http://ase.org/content/article/detail/

      2654) has resources to make it easier for homeowners to receive tax credits for energy efficiency home improvements.


      n The U.S. Energy Information Administration (http://www.eia.doe

      .gov/kids/energyfacts/saving/) has tons of energy facts and figures for kids.


      n Energy Quest (http://energyquest.ca.gov/about.html) is an educational website developed by the California Energy Commission.


      n Flex Your Power (http://www.fypower.org) is an efficiency marketing and outreach campaign run by the State of California.


      n The Home Energy Saver project (http://hes.lbl.gov/) is aimed at improving energy efficiency in homes.


      n The American Council for an Energy-Efficient Economy (http://www.aceee.org/) is a nonprofit organization dedicated to advancing energy efficiency.


      n The Department of Energy has built a website to engage kids in saving energy. There you can download an easy energy action plan that lists ten simple ways to use energy wisely. Visit http://www.eere.energy

      .gov/kids/pdfs/EnergyActionList.pdf or http://www.loseyourexcuse

      .gov.
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      Green Living

    


    
      For thousands of years before the Europeans arrived, Native Americans held a special and sacred relationship with the earth and its many natural resources. Many of their customs and ceremonies, still practiced today, show their respect for the land and the life it sustains. They saw earth and its resources as a living network. The idea of “owning” a piece of it was completely foreign. Some tribes ascribed to a “seven generation” principle that is essentially a doctrine stating that the tribe should not do anything that would adversely affect the tribe seven generations into the future. How’s that for taking the long view?


      Now fast-forward a thousand years to the current day. Modern human inhabitants (i.e., all of us) have quite a different relationship with the earth. The United Nations has concluded that the human population will exceed 9 billion by 2050, but even by the mid-2030s we will reach the point where we need the equivalent of two planets’ worth of resources to keep up with our consumption.1 We could easily find ourselves in global ecological overshoot, which is what scientists call it when your ability to replace or recycle resources is outstripped by your consumption and waste of them.


      We may not be telling you anything you didn’t already know, at least on a conceptual level. But as the alarm bells have gotten louder, more and more people have begun to adjust the way they live with an eye toward avoiding ecological overshoot (global or otherwise). “Green living” takes many forms, much of it either directly or indirectly related to energy. We’ll have a look now at a few aspects of this trend, but again, this is just a sample of a very broad and multi-faceted subject.


      Living green involves dealing with energy in a variety of integral ways: energy conservation, reducing your carbon footprint, reducing pollution, reducing energy wastage, and making your home energy efficient. For better or worse, energy-related issues play a huge role in the adoption of a sustainable lifestyle. Next we’ll look at how those two topics intersect in several important ways.2


      Depletion of the Planet’s Resources


      “Fossil fuels.” If ever there was a term with multiple layers of meaning, this is it. Coal, oil, and natural gas are all derived from prehistoric matter, but they are also energy “dinosaurs,” fuels from a different time when we weren’t constrained by the reality of pollution or the prospect of climate change. Fossil fuels still provide 85 percent of all the energy used in the United States, but they are not renewable—once we use them, they’re gone forever.


      We’ll get to the emissions they produce in a moment, but this last point we can’t stress enough. Non-renewable energy sources like oil, coal, and natural gas are finite on earth, and before they actually run out, the supply will begin to be outpaced by demand.


      When that happens—even if it’s perceived to be happening—we are likely to see a massive price spike or two. The economic implication of this is that as the price of fossil fuels rises (from carbon taxes, cap and trade, supply shortages, peak oil, or all of the above), a larger share of the market (we hope) will be served by alternative energy sources.


      The trillion-dollar question is whether that global transition will be smooth (by the time we substitute wind, solar, nuclear, and so on for fossil fuels, the price of fossil fuels will decline, not rise) or choppy (economic shocks and unprecedented levels of social conflict). It’s no wonder, then, that remaining fossil fuel supplies have been—and continue to be—one of the main sticking points behind regional and global conflicts. That’s also why we spend so much time (a whole other book!) discussing “conventional energy” and have devoted a huge part of this book to alternatives to fossil fuels.


      Opting for Renewable Resources


      In this section, and elsewhere in this book, we have established that we are indeed going to run out of fossil fuels someday. Experts debate on when that will happen, but all agree that once we consume these fuels, time’s up! Economists suggest that price signals will drive us to stop using fossil fuels and switch to viable alternatives long before the last barrel of oil has been extracted from a remote corner of the earth or the last lump of coal stripped out of a mountain.


      So what are these alternatives and how “viable” are they really?


      Sustainability advocates point to green energy as an alternative to conventional energy sources. Wind, solar, geothermal, and marine power make up the main categories, with hydropower being included or excluded depending on your take on the environmental tradeoffs involved with dams.


      A growing number of electric utilities offer green power, though it usually costs more than electricity from fossil and nuclear sources. You can buy green power in three ways. Many states allow consumers to choose their provider of electricity, much like we choose long distance phone service. In these states, buying green power is as simple as calling the energy services provider that offers power from renewable energy sources and switching to them. In other states, where your only source of electricity is from a regulated utility, you can ask them if they offer a green power option. This allows you to purchase power from wind farms or solar farms with which the utility has power purchase contracts.


      Whether or not these first two options are available to you, though, you can buy the green power attributes separate from electricity, in the form of tradable renewable certificates (also called TRCs). These certificates are created only when a given quantity of electricity is generated from a bona fide renewable energy source somewhere on the electricity grid. By purchasing these tradable renewable certificates, you can be assured that the renewable energy is generated, somewhere, to meet the needs of your home or office.


      If this sounds a bit second-hand, you should know that no one really has control over where the electrons flowing into their home actually come from. Unless you’re generating your own power, it’s impossible to know precisely where or how your power was generated. The point of acquiring green energy is to ensure that an amount of power equivalent to the amount you consume is generated from renewable resources. As more consumers choose these renewable options, utilities and energy service providers will have to expand their renewable portfolios.


      
        Fun Fact: Green Power Programs


        The Department of Energy has an entire website dedicated to green power that includes a map that allows you to search for green power programs by state. Visit http://eere.energy.gov/greenpower/.

      


      Global Warming


      Oceans of ink and forests’ worth of paper have been devoted to this topic, so we’re not going to get into the nitty gritty here. (Plus, we have devoted an entire chapter in Volume 1 to it.) It’s worth noting, though, that while scientists are notoriously picky about making black-and-white statements, there is overwhelming consensus about two things. First, the earth is indeed getting warmer. That much is agreed upon by everyone, largely because it’s measurable—the planet has warmed by about 1ºF over the past 100 years. You can look it up. What little controversy there is stems from the question of what is causing this warming to occur, in particular the influence of human activity relative to other natural forces.


      Those gases create a kind of one-way insulation. Heat from the sun comes in but it doesn’t leave. A certain amount of this heat-trapping is a good thing—if we didn’t have an atmospheric blanket, much of the life on planet earth wouldn’t be able to survive. Many greenhouse gases occur naturally. Water vapor, for example, is technically a “greenhouse gas.” Likewise for methane.


      There are also some gases that exist only because humans made them out of other naturally occurring elements, and some of these pack a heck of a greenhouse punch. Sulfur hexafluoride (SF6) is an inert gas that happens to be very good at insulating electrical components. It allows entire substations to be packed into a fraction of the space, sheltered from the elements. It also happens to be over 20,000 times more potent than CO2 as a greenhouse gas. Other gases like hydrofluorocarbons (HFCs) and perfluorocarbons (PFCs) also result exclusively from human activity and contribute to global warming.


      Then there is good old CO2, and boy do we release a lot of it. The U.S. alone produces six billion metric tons of the stuff every year—that’s one fifth of all the CO2 from human sources in the world. In the past 150 years, the concentration of CO2 in the atmosphere has risen by 31 percent.


      Energy use is intertwined with CO2 emissions because it’s intertwined with just about everything we do. The average U.S. household is reported to produce around 150 pounds of CO2 every day. That’s a pretty big “carbon footprint,” the term used to describe the total CO2 a given building, family or industrial process produces. Look at all the little things you do over the course of a day and much of it can be tied directly back to energy use. Driving to and from work, cooking dinner, turning on the air conditioner, watching a DVD—it would be easier to list the things that didn’t involve some kind of energy use.


      Buildings and transportation make up the bulk of CO2 emissions sources at 38 percent and 34 percent of our national total, respectively. It’s not hard to see why, when you consider how much energy goes into running an office building or how much fuel we need just to get to the office. One gallon of gasoline produces nearly 20 pounds of CO2 when burned in a vehicle engine, which means that many of the vehicles on our roads today are burping out more than a pound of CO2 for every mile they drive.


      So, now that we’ve depressed you, let’s have a look at how we might go about reducing the amount of CO2 and other greenhouse gases we emit.


      
        Fun Fact: Did You Know?


        n U.S. households produce more than twice the European average in CO2 emissions, and almost five times the global average, mostly due to longer driving distances and larger homes.


        n A gallon of gasoline burned in your car adds a whopping 20 to 30 pounds of CO2 to the atmosphere.


        n On an average, a kilowatt-hour (kWh) of electricity produced in the U.S. produces 1.5 pounds of CO2.


        n If we converted half of all light bulbs in our country to compact fluorescents, we would reduce CO2 from lighting by 42.2 million tons a year.


        n If we turned off home electronic equipment: computers, printers, cell phone chargers, clock radios, camera battery rechargers, and so on, when not in use, we could cut their CO2 impact by 8.3 million tons a year.

      


      Better Ways to Live and Work: EnergyEfficientBuildings


      As we just learned, buildings account for more than a third of all energy use, but they account for fully 65 percent of electricity use. We admit it’s hard to fathom how these stationary objects manage to gobble up so much of our energy resources. Really, where does it all go?


      Well, a lot goes out the window, literally. Old single-pane windows, leaky doors, even poorly sealed cable TV hookups all allow the warm/cool air inside your house to escape to the outside, which means you have to make more warm/cool air. Americans also have a penchant for lower-density housing, which means more energy use (and loss) per person versus areas where multi-unit buildings and smaller houses are the norm.


      That doesn’t mean, though, that we can’t greatly reduce our energy use in the homes we already have. Shelter is one of our basic needs, so we’re always going to need a place to live. We just need to be smarter about how we build, and there are many different ways that so-called “green building” improves on the typical house of today. The benefits of green building also extend well beyond energy use to include lower ongoing costs, better durability, and improved health for the occupants.


      Taking the LEED


      Green buildings use non-toxic materials, they conserve non-renewable materials and they seek always to keep their environmental impact to a minimum. Probably the most visible example of the green building movement is the LEED (Leadership in Energy and Environmental Design) system.3


      LEED standards incorporate everything from energy use to building materials to the actual design of the floor plan, all for the purpose of building structures that will endure over the long haul while having a much smaller impact on the health of people and the environment. As we’ve seen with energy efficiency, many of the differences between green buildings and traditional structures come with economic benefits as well as environmental ones.


      The LEED rating system for green buildings was developed in 1998 to elevate environmental concerns in the building community. Since its introduction, LEED has become the most readily identifiable standard for sustainable building around the world. The system is administered by the U.S. Green Building Council in Washington, DC, a non-profit organization made up of architects, builders and industry leaders. LEED ratings fall into four main categories: bronze, silver, gold, and platinum (we’ll let you figure out which one is at the top), according to the level of sustainability achieved across a variety of measures. To find out what separates a gold building from a platinum one, or for more information, visit http://www.usgbc.org.


      Better Ways of Getting Around: SustainableTransportation


      The transportation sector accounts for roughly 30 percent of total U.S. greenhouse gas emissions.4 According to the U.S. Department of Transportation, Americans use vehicles to travel even the shortest distances with an incredible 44 percent of all car trips being less than 2 miles. It’s no wonder the U.S. Department of Energy expects transportation energy use to increase 48 percent between 2003 and 2025.5
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          Figure 20.1 LEED-certified buildings like the PNC Plaza

          in Pittsburgh use less energy through a combination

          of design and technology. (Wikipedia)

        

      


      Let’s face it. We are all guilty of driving our cars all of a mile (or less) to our local gym only to use the treadmill there. Or we hop in our cars to do a quick grocery store run when a bike ride would have been a viable alternative. Eliminating these short car trips could save us over a million gallons of gasoline a year, not to mention tons of CO2.


      You can avoid transportation energy use by following several simple yet effective steps: Shop online instead of making the trip by car; ask your boss if you can telecommute one or two days per week; check your tire pressure frequently and keep your tires fully inflated (remember full tires can improve your fuel economy up to 10 percent) and if you’re in the market for a new car, buy a hybrid or the most fuel-efficient vehicle that meets your needs.


      This last topic is so important to us that we devoted an entire part of the book to discussing various alternative fuel sources and newer vehicle technologies like hybrids and electric cars.


      
        Additional Resources on the Web


        Hopstop.com is a very useful site that educates you on various public transportation options available to you in your city and helps you navigate from point A to B using different forms of public transportation.

      


      Carbon Offsetting Your Next Flight


      According to estimates by the Environmental Protection Agency, aircraft contribute roughly three percent of the United States’ total carbon dioxide emissions and 12 percent of the transportation sector emissions. In spite of all of the hubbub about flight delays and shoddy customer service, the Federal Aviation Administration projects air transportation to increase significantly, driving up emissions from domestic aircraft by over 60 percent by 2025. As we noted in chapter 7, however, releasing emissions at high altitudes increases their impact.


      States like California have begun asking the EPA to adopt regulations to control greenhouse gas emissions from aircraft. There are currently no such controls for planes and only limited controls on conventional pollutants such as carbon monoxide. So what can individuals do in the meantime?


      One approach is to consider making your next flight carbon-neutral. You can calculate the amount of greenhouse gases that your flight generated, and purchase carbon offsets that reduce emissions by that same amount.


      Carbon offsets are simply certificates or “shares” that you buy in a project that, for example, plants trees to offset the emissions released by vehicles. Trees have a natural capacity to absorb carbon from the atmosphere. Other carbon-offset programs involve promotion of energy efficient appliance or development of renewable sources of energy.


      The website ecobusinesslinks.com offers a comparison of various online carbon offset programs and the types of projects they invest in. Visit www

      .ecobusinesslinks.com/carbon_offset_wind_credits_carbon_reduction.htm.


      Some airlines have implemented carbon offsetting programs. Travelers can view the carbon footprint of their flights and purchase corresponding carbon offsets via contributions to programs like Sustainable Travel International (www.carbonoffsets.org).


      Some carbon offset programs have come under fire for allegedly not delivering on the projects contributors are supposedly funding, so it’s worth finding out about a given offset scheme to make sure it’s legit before you commit.


      Recycling


      Recycling has been around for decades, and chances are you’re already familiar with it in many forms. Newspapers, plastic, aluminum cans—many of us don’t have to go further than the curb to recycle these materials. In almost all cases, it takes less energy to produce one of these items from recycled members of its family than from raw materials. For example, a ton of paper made from recycled fiber saves up to 17 trees and uses half the water involved with conventional paper production. For aluminum, the savings are outright huge—aluminum derived from scrap uses 95 percent less energy than mining and processing bauxite ore into the finished product. It’s a no-brainer, and today it’s big business.


      One area of particular interest in recent years has been so-called e-waste. Ever wonder what happens to your PC when you replace it with a new one? Well, you might not realize it, but there’s enough gold, copper and other metals in consumer electronics devices to make it profitable to ship old computers, cell phones and other gadgets halfway around the world to be picked apart so the metal can be collected and reused.
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      Energy Efficiency on a Broader Scale

    


    
      In the previous chapter we focused on energy efficiency concepts inside the four walls of our house. Now we’ll zoom out of the confines of our home and look at energy efficiency from a much broader perspective.


      How do we get a community, city, a state, or even the entire nation to adopt these ideas? Is the energy efficiency gospel better spread through a community outreach effort or should government get involved in some way? What about the role of large corporations? Where do they fit in, if at all? And what about the utilities themselves? What programs can they launch that help reduce energy waste among the millions of customers they typically serve?


      Conservation and Efficiency on a Larger Scale


      A variety of innovative products are being offered in the market today that will allow you to have the same or better quality of life but with a much smaller energy footprint. The private sector understands that energy-sipping devices make good economic sense in addition to helping save the environment. In addition, there are government and utility programs and incentives to stimulate parts of the market in addition to what would have happened naturally.


      Many electric utilities are now doing their part to educate us to reduce energy waste as well. They have been running various energy conservation and efficiency programs for the past three decades (at least), ranging from simple contracts with large factories to reduce or cut off their supply in an emergency to sophisticated “demand side management” programs that do essentially the same thing but with more precision.


      Government, both at the state and federal level, offer various subsidies and incentives to encourage adoption of energy efficiency. The recent economic stimulus package from the federal government has a lot to offer for the energy industry.


      In subsequent sections, we will sample products, initiatives, and innovative programs offered by the public and private sector that will change the way you look at energy, conservation and efficiency. But first, we’ll start with an example of a rather quirky way to get the word out on efficiency.


      The Energy Smackdown


      Most of us probably feel like we should reduce our energy consumption at times, but even if we’ve taken a few basic steps (e.g., buying an ENERGY STAR fridge, putting in your first few compact fluorescent bulbs), we could probably use some motivation to take a few more. How would you like a camera crew following you around for a few weeks to monitor your every energy move and broadcast it to the world on reality TV? Think that would be, uh, motivating?


      That is exactly what three families in a suburb north of Boston agreed to do. Energy Smackdown is a reality show on local cable TV in which contestants compete to shrink their carbon footprint in a kind of energy version of The Biggest Loser. The show was so popular that a sequel called Green Streets is under way in Britain. To find out more about this novel approach, visit www.energysmackdown.com.


      Utilities Do Their Part


      Utilities and tobacco companies are perhaps the only two industries in the entire universe that actively work to discourage use of the very product they create. (Imagine long distance phone companies encouraging you to cut back your time on the phone, or the restaurant industry encouraging you to eat at home more often.)


      Cigarette companies began promoting tobacco-free living after prolonged protests and arm-twisting from the public and the media, not to mention a few attorneys general. Utilities, on the other hand (and some more than others), have been promoting energy conservation and efficiency for many years as a normal course of business. As is often said within the utility industry “A megawatt saved is the equivalent of a megawatt produced.”


      We’ll sample a few programs that they have been running for nearly thirty years now.


      Voluntary time-of-use electricity program: This program encourages customers to reduce electricity use between the peak hours, typically between 10 am and 10 pm. Customers who sign up for this program pay an off-peak price that is between 50 to 80 percent less than on a regular electricity pricing plan. Conversely, the rates for usage during the peak time could be much more expensive than the alternative. This is to encourage energy usage during off-peak hours (the carrot) and penalize users for doing the same during on-peak hours (the stick).


      Demand-Side Management (DSM): Also known as demand response, these programs are designed to literally manage the demand side of the power equation by getting people to alter their energy consumption with an eye toward deferring the construction of new power plants.


      The decision to build a new power plant is closely tied to how much energy is consumed during peak time. Sharper peaks call for adding more supply to meet the electricity needs of that peak, typically natural gas power plants that might sit idle most of the time. On the other hand, flatter peaks allow the energy needs to be met by the existing fleet of power plants and with greater predictability for the utility.


      Interruptible load program: In this program, willing homeowners allow the electric company to shut off their electric supply during the most critical peak periods when the utility is struggling to meet the needs of all customers in their service territory. In exchange, these “interruptible” customers pay significantly lower rates for electricity than regular customers. This program is sometimes known as the “voluntary demand response program” as it offers consumers incentives to voluntarily reduce their electric loads at system peaks.


      Automatic load interruption program (or direct load control): In this program, homeowners agree to install a remote sensor on a specific home appliance, typically a water heater or central air conditioner. When the utility wants to reduce energy consumption across the system, it sends a signal to thousands of devices that will automatically cut the power supply off to the appliances they’re connected to for a given length of time. These types of programs allow the utility to instantaneously reduce energy consumption (also called energy demand) across the system.


      Energy efficiency programs and incentives: In recent years, utilities have begun offering a variety of innovative energy efficiency programs ranging from a free energy audit of your home to rebates for replacing your old refrigerator or appliance for a new Energy Star compliant one. Similarly, lighting retrofit programs provide assistance with upgrading light fixtures to more energy efficient technologies. Other programs offer to replace existing electric meters with smart meters that allow energy consumption data to be recorded by the utility via Internet connections.


      Browse the Internet site of your local utility to better understand the various programs and rebate offers that you can take advantage of.


      Energy Efficiency as an Alternative toNewPower Generation


      Many electric utilities see energy efficiency programs and demand side management programs as an alternative to adding expensive new power plants to the mix. Demand side management programs are typically of two main types.


      The first one is where the energy consumption of customers is forcibly reduced or cut-off completely for grid reliability reasons. An example of this would be a brownout program or a rolling blackout program such as the one used in California during the energy crisis of 2000 and 2001. Such actions are seen by the utility as a last resort that is only used to avoid a much larger and more disruptive outage.


      The second type of program is one where customers are given economic incentives to reduce their electricity consumption during times when it is cheaper to reduce the demand side of the equation than it is to purchase expensive peak electricity from another utility or to generate additional units of electric supply from a prohibitively expensive power plant.


      The Government’s Role


      One of the most important roles that government can play is that of a catalyst that spurs widespread adoption of energy efficiency “best practices.” It does this in many ways, but we’ll quickly look at a few.


      Establishing standards: The government establishes standards for the energy efficiency of a very wide range of equipment and appliances. Businesses innovate, build, and sell the appliances and devices that conform to these high standards. Household and business consumers purchase the energy efficient appliances and devices. It’s that simple.


      Of course, the process could get derailed in a variety of ways—lobbyists could water down the regulation, businesses could fight the creation of these new appliances as they could be more expensive (read chapter 8 on CAFE standards for vehicles), and consumers could be slow in adopting more efficient equipment. Just look around your own home, and you’ll probably see several incandescent light bulbs still hanging around. If you’ve changed them all out for compact fluorescents, give yourself a pat on the back.


      Providing tax credit and subsidies: Governments at the local, state and federal level can provide incentives to make new energy efficient appliances and devices more affordable.As a matter of fact, they already do that, and the many programs are collected in the Database of State Incentives for Renewables and Energy Efficiency (www.dsireusa.org).


      Energy efficient mortgages: These mortgages (also called “EEMs”) are part of the federal government’s initiative to help us reduce our energy use and minimize our greenhouse gas emissions. An EEM allows the borrower to roll in efficiency upgrades into their mortgage. You can add up to 15 percent of the total mortgage amount this way. You can also access the program via refinancing your home if you make similar efficiency improvements.


      Federal tax credits for energy efficiency: The federal government offers a variety of tax credits for energy efficiency. You can find an entire section of the website devoted to these issues at http://www.energystar.gov/index.cfm?c=products.pr_tax_credits.


      Federal economic stimulus bill: On February 17, 2009, President Obama signed the American Recovery and Reinvestment Act of 2009, which made some significant changes to energy efficiency tax credits.


      The tax credits previously effective through 2009 have been extended to 2010, and those that were for a specific dollar amount have been converted to 30 percent of the cost of the given product/system/upgrade. The maximum tax credit has been raised from $500 to $1,500 for the 2009–2010 period. Up-to-date information on programs and incentives offered by the federal government can be found at http://www.energy

      .gov/energyefficiency/index.htm and at www.energysavers.gov/.


      Daylight Saving Time: Saving Time, SavingEnergy


      In the past, industry and the government have come together to help our country save energy. Can you guess what that is? (Hint: It has to do with the phrase “spring forward, fall back.”)


      Yep, daylight saving time (DST). Most of us delight in getting that extra hour of sleep in fall, and detest losing it again in spring. But did you know that daylight saving was implemented primarily as an energy saving measure?


      New start and stop dates for DST were established by the Energy Policy Act of 2005, but the origins of daylight saving go back nearly a century.1 Time zones were first created in the United States by the railroad companies to standardize their arrival and departure schedules. Until then, clocks were set by the stars (no joke). In 1918, the U.S. Congress adopted the rail zones as federal law.


      Modern DST was first proposed in 1907 by the English builder William Willett who was reportedly passing by London homes where the shades were down, even though the sun was up. Willett proceeded to write a document titled “The Waste of Daylight.”


      In the U.S, DST was enshrined in law by the Uniform Time Act of 1966. It doesn’t require that anyone observe daylight saving time, only that if you are going to observe it you have to do it in a uniform manner.


      The premise for following this practice is tied to saving electricity usage, in particular, savings from reduced usage of residential lighting because of availability of natural sunlight. This is how it works.


      As noted earlier, human activity works in cycles and so does the energy consumption in the average household. On an average, over 25 percent of our monthly energy consumption comes from operating our light bulbs, and small appliances such as TVs, DVD players, personal computers and music stereos, and much of that consumption occurs in the evening. Delaying the time of sunset and sunrise reduces the use of artificial light in the evening and increases it in the morning. Advocates of daylight saving maintain that the savings in the evening are far greater than the energy increase in the morning.


      Following the 1973 Arab oil embargo, the U.S. went on extended daylight saving time for two years in hopes of saving energy. The experiment worked until 1975 when it was discontinued because of opposition, mostly from farming states. To this day, this practice is controversial in that the actual energy savings are contested by some experts. However, over 70 countries around the world continue to observe daylight saving time in one form or another.


      Corporations Go Green: Over-Hyped oraTruePhenomenon?


      “Greenwashing” is a term applied to corporations’ attempts to appear environmentally conscious without making substantive changes in the way they do business. With all the hype that the whole green movement has received, it would be impossible for all of it to be founded on real change. It seems like everyone is getting into the act. There are even “green shoots” for TV shows. MTV’s ever-popular show, The Real World, now comes to us from an “eco-friendly crib.” Yeah, no kidding. The house is tricked out with efficient appliances, loads of recycled materials, and even a hot tub heated by the sun.


      Having said that, there are many corporations that have made impressive strides to improve the environmental friendliness of their products. General Electric, ever the master of marketing, launched a new ad campaign around the trademarked word “ecomagination” to highlight the company’s green products. Wal-Mart is putting solar panels on the roofs of some of its big-box stores. The list of corporate environmental good deeds is getting longer by the minute.2


      Beyond the ad-speak, though, corporations are in a position to make a huge impact in energy conservation and efficiency.3 Some firms have signed power supply contracts to get all their electricity from renewable resources. One report put the total at 5 billion kilowatt-hours. Other companies are taking a microscope to their operations to find ways to improve their energy use and their productivity at the same time.


      One example comes from Bob’s “day job” at ABB, which is, among other things, the world’s largest supplier of electric motors. The funny thing about most motors in industrial plants, though, is that they have only one speed: maximum. They’re either running flat-out or they’re off. Adding a device called a drive to control the motor’s speed can save anywhere from 15 to 70 percent of the energy used to run the motor, but currently only a small fraction of the world’s electric motors are outfitted with variable speed drives.


      Utilities, too, are improving their efficiency behind the scenes, in addition to the many incentives and other programs they offer for their customers. The industry is now in the process of implementing higher efficiency standards for distribution transformers (of which there are millions on the U.S. grid). The improvement (reduction) in energy losses is fairly small on a per-unit basis, but when you add up all those transformers, the energy savings are significant.


      Clearly, the potential for reducing our energy consumption, not to mention our energy costs, is enormous. And if there’s one thing corporations are good at it’s finding ways to reduce costs. That’s the beauty of efficiency—it comes with a ready-made business case.


      So, Where Do We Go from Here?


      Our goal with this part of the book was not to point fingers or assign blame for how inefficient our current energy systems are, but rather to point to the bright side. There are many, many ways that individuals, businesses, and institutions can drastically improve their energy consumption using proven technologies that are already widely available. In most cases, if not all, saving energy also means saving money, at least over the long term.


      Admittedly, energy efficiency is not a particularly sexy topic, and there is no one blockbuster technology or practice that can be applied across all kinds of energy usage. But as we noted at the beginning of this part, energy efficiency is by far the most expedient way to reduce our energy consumption and in the process reap all the economic and environmental benefits that come along with that. It comes down to a large number of small steps that together add up to significant change. In the preceding chapters, we’ve touched on just a few ways to improve energy efficiency, but there are many more. We could write a whole book on the subject, but don’t wait for us—check out your local bookstore or look online for one of the numerous books that give practical advice on how to improve the efficiency of your home or business.
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      A New Energy Economy

    


    
      The Internet started out as a simple idea: link multiple computers together so they could share information between them. It existed for years as something of a technological backwater, known only to certain military and scientific research communities, but with the arrival of the World Wide Web in 1993, everything changed.


      The Internet soon became the enabling technology behind a revolution that swept across numerous other industries from finance to retailing and of course communications. Today, it’s hard to identify a single industry that hasn’t been affected by the Internet. Indeed, there probably aren’t any.


      The Internet revolution also made a lot of people rich, and we’re not just talking about all those goofy dot-com enterprises that made a couple of millionaires before flaming out. Savvy investors who saw the potential in online retail (Amazon), search engines (Google), or online auctions (eBay) made bundles.


      Today, the smart money is starting to flow into a new revolution: clean technology, or “cleantech” as it’s often called. This is the intersection of commerce and climate change, energy, and sustainability, though this revolution has already had a major shakeout thanks to the global recession that arrived in 2008. Still, the potential is huge. Weaning our global economy off of carbon will require a massive shift, primarily in the energy industry, and any product or technology that can deliver real results at a reasonable price is likely to get the attention of investors.
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        Cleantech Investments

      


      In this part, we’ll take a quick look at the future of energy in the context of investing. We’re not giving advice on where to put your nest egg, just taking a peek at where the next Google might come from.


      In January 1848, John Sutter was building a sawmill on the American River in Coloma, California, near Sacramento.1 James Marshall was running the work crew one day when he noticed a few tiny specks glittering in the water. It wasn’t long before word got around that there was gold in the American River, and in May a local shopkeeper named Sam Brannan produced a bottle full of gold dust he’d collected from his customers as payment. The Gold Rush was on.


      The Internet boom and cleantech have both been likened to the Gold Rush, though it’s worth pointing out that some of the people who made out the best in the 1800s never worked a pan or wielded a pickax. Nope, guys like Brannan figured out pretty quickly that finding gold might be hit and miss but supplying all those would-be miners was a sure thing. Today, several of San Francisco’s streets are named for these entrepreneurs, Brannan among them.2


      The cleantech gold rush, to be fair, is taking a somewhat different course than even the dot-com boom. As we write this, we’re in the middle of a recession that has put the brakes on investments of all kinds, including cleantech, and a number of solar companies and others have already gone bankrupt. Still, there is no doubt that our efforts to trade our dependence on hydrocarbons for renewable energy and greater efficiency present a tantalizing opportunity.


      Cleantech Investing: Wall Street and Silicon Valley’s New Love Affair


      Initially, most of the attention from investors and entrepreneurs in this “space” (to use a dubiously chic term) was focused on the obvious: hybrid cars, solar and wind power, biofuels, and an assortment of efficiency-boosting technologies. More recently, the cleantech umbrella has opened wider to include things like smart grid technologies, water purification, and even services like carbon offset programs.


      However, most cleantech businesses are highly capital-intensive, so you’re not likely to find very many of the proverbial garage operations out there. If you have a good idea for a new kind of thin-film solar panel, for example, you’ll have to come up with many millions of dollars before you can even start making prototypes for testing. In fact, according to Lux Research, the average cleantech startup will require 2.5 times as much money as a comparable information technology business to get off the ground.3


      That isn’t stopping the movers and shakers from, well, moving and shaking in cleantech. One contributor to the website altenergystocks.com compared the sector to the most influential technology/industrial movements in history, right up there with steam power and the automobile.4


      So What’s Driving the Investment?


      Remember Wall Street? You know, the movie with Charlie Sheen as the naive stockbroker and Michael Douglas as the “greed-is-good” corporate raider? You might recall the advice Sheen’s character, Bud Fox, gets from his dad near the climax of the picture. Carl Fox (played by Sheen’s real-life dad Martin) implores the young buck to “create, instead of living off the buying and selling of others.”


      Well, the cleantech world has enough room to accommodate the creators as well as the buyers and sellers, because this is one industry that has a bit of everything in it. So what’s making it go?


      First, there is the perfect storm of climate change, national security, and long-term viability of the U.S. economy—all of them point to a need for a cleaner energy supply, and smarter ways of using it. Then there is simple supply and demand economics. Oil is (historically) getting more expensive as it becomes scarcer and demand for it continues to increase. That alone will provide an incentive for the development of alternative fuels.


      We’re also in need of some maintenance on our existing energy infrastructure, the power grid in particular. So, it seems only reasonable to improve its sustainability while we’re upgrading its capacity and reliability.


      Cleantech is also an industry of tangible things (for the most part), and as such it’s easier to understand than the often arcane business models of information technology companies. There’s also the obvious allure of rebuilding America’s manufacturing capability. Wind turbines, solar panels, and carbon capture plants don’t install themselves, and the jobs they create aren’t easily outsourced. (They might be in-sourced, meaning imported, but the point is that the work gets done here—deciding who does it is another matter.)


      Finally, there’s the government, which exercises great influence in two ways. First, it sets energy policy, which lately has meant an emphasis on encouraging clean energy, but it also makes investments of its own. The American Recovery and Reinvestment Act of 2009 (ARRA), for example, has a multitude of provisions for grants and other funding mechanisms to spur the development and implementation of cleantech. All that public money sloshing around is bound to attract some attention.


      We should also note the appeal cleantech has in terms of being a do-good investment. Gordon Gekko (Wall Street again) would probably scoff at the notion, but given the rise in popularity of investment vehicles like socially responsible mutual funds, it’s clear that there is a market for investments that offer benefits beyond a return in dollars.


      Cleantech5 investment is booming. According to data from Thomson Reuters and the Cleantech Group, investments in the sector have roughly doubled every year from 2005 to 2008, despite the onset of the “Great Recession.”6 So, how big can this market get? Well, we are dealing with “the world’s most vital commodity,” not to mention the sustainability of our modern lifestyle. How much is that worth?


      To put some numbers on it, though, a company called New Energy Finance has posted a figure of $155 billion as the amount of money that has already flowed into cleantech ventures worldwide.7 Oh, and that was just for 2008. That sounds like a lot, but the research firm also says that in order to meet our objectives for stabilizing atmospheric CO2 levels, we’ll need to pump more than half a trillion dollars per year between now and 2030.8 The venerable International Energy Agency puts the figure even higher at $800 billion per year.9, 10


      Here in the U.S., cleantech investing by venture capital and private equity firms totaled $13.5 billion in 2008.11, 12 Again, this is in the middle of the worst recession in 75 years. Industry reports also paint quite a picture looking forward. One analysis concludes that if the market for biofuel-driven cars doubles to 6 percent of the total market over the next four years, that alone would create a $28 billion industry almost overnight.13, 14, 15


      Uncle Sam Invests in a Cleantech Future


      Given the scope of the investment needed to realize even an energy supply green enough to stabilize our CO2 levels at the 450 ppm that scientists have pegged as a maximum,16 you might ask where those hundreds of billions are going to come from. The private sector has vast resources, but some of them will stay on the sidelines until there’s a clear path to profit. Getting from here to there will take more than the market. It’s going to take—cue the music of your choice—the government.


      From the environmentalist’s perspective, this fact is a matter of practicality. We simply don’t have the time to wait for clean energy technologies to grow on the open plains of the free market, so for the sake of speed alone we need—wait for it—a greenhouse, where they can take root.


      From a more nuts-and-bolts economic viewpoint, government intervention in the form of tax incentives, loan guarantees, and direct subsidies will allow cleantech businesses to ramp up. The idea is to get to a point where economies of scale and simple experience bring costs down to a point where governmental support is no longer needed. Wind power, which we discussed back in chapter 1, is probably the best example of this in the U.S. The cost of wind power has dropped dramatically over the past twenty years, despite several interruptions in support. And while it’s still a long way from being competitive with coal or nuclear, wind is now competitive with gas-fired generation when natural gas prices are high.


      So, entrepreneurs, investors, and Uncle Sam are going to have to play nice together if the grand predictions of a new energy economy are to be fulfilled.


      The task before the energy industry is so huge, it’s hard to grasp. Here is an industry, already the largest the world has ever known, and now it needs to grow even larger while fundamentally changing its very nature. No small task, and if you’re skeptical about whether we’re even up to it, we can’t blame you, but in challenge lies opportunity, to be sure.

    


 

    


    
      Fun Fact: Did You Know?


      About $50 to $65 billion of the $731 billion American Recovery and Reinvestment Act is tagged for energy efficiency, renewables, and the like.17, 18 That’s a little shy of 9 percent of the total. But the U.S. isn’t the only country funneling serious money into cleantech as part of a larger economic recovery effort. China is slated to spend a thumping $221 billion on clean energy.19

    

  


  
    
      23

    


    
      Energy, Economy, Jobs,

      and Education

    


    
      Van Jones is a social activist turned environmentalist turned policy advisor. Before he found himself in a Washington dust-up that forced his resignation, he served as the Special Advisor for Green Jobs, Enterprise, and Innovation at the White House Council on Environmental Quality. That’s a big title, but it’s a big job.


      Jones is also the author of a best-selling book called The Green Collar Economy: How One Solution Can Solve Our Two Biggest Problems, which blends his interests in social justice and environmentalism. His main thesis: Making our society more environmentally sustainable is a great way to boost the economy and lift people out of poverty. We’d say he’s on to something, but he’s not the only one. “Green jobs” are all over the news these days, and with good reason. As the subtitle to Jones’s book indicates, the idea of job creation in the field of clean energy has a broad appeal. It’s even more appealing now, as the world swoons from a global recession that has unemployment in the U.S. hovering around 10 percent for the first time in recent memory.1


      In this chapter, we’ll take a look at what “green jobs” are all about, and how energy and economics come together in the new energy economy.


      Green Jobs and a Clean Energy Economy


      Actor Jim Carrey has had a couple of “green” jobs. He donned the color in 1994 for The Mask, and again in 2000 for How the Grinch Stole Christmas. For the latter film, he is reported to have spent hours in the makeup chair every day for 92 days of shooting, and for that the film took home an Oscar for best makeup. But for our purposes, “green jobs” refers to what you do as opposed to what color your body is when you do it.


      So, what qualifies as a green job? The term has expanded in recent years, actually. The idea was first applied to manufacturing and other jobs directly associated with clean energy, like building wind turbines or manufacturing solar panels, but now it encompasses a broad range of occupations. In addition to the manufacturing jobs, it includes everything from installing insulation to writing software to manage a building’s energy use. Green jobs don’t necessarily have to be directly associated with energy, but many of them are for the simple reason that energy is so integral to making or economy more environmentally sustainable—more “green.”


      The manufacturing segment of green jobs is especially important for the U.S. because those kinds of jobs have been on the decline for decades. Media reports tell us we’re becoming a service society that doesn’t actually make anything anymore, and there’s a good deal of truth in that. Rust-belt states like Ohio and Michigan, once home to tens of thousands of manufacturing jobs, have seen their local economies wither, along with the cities that used to be supported by them. Detroit is the poster child for this. The city now resembles a doughnut, a ring of suburban life surrounding a hollowed-out city center.


      Green jobs in manufacturing are just the beginning, though. What has captured the attention of policy makers and other interested parties is how very local a lot of these jobs are (i.e., they cannot be shipped overseas). For example, if improving energy efficiency in homes and commercial buildings is the quickest way to make a dent in our energy consumption, well, the work that needs to be done is right there inside of every house, school, office park, and factory across the country. Weatherization of homes could employ hundreds of people even in a small city, given the right incentives.


      We should also note that green jobs cover a wide range of skill sets and education levels. Take solar power. We need scientists to develop new materials and more efficient PV cells. We also need engineers to design the panels, factory managers to run the plants, and an army of installers to put the finished product on rooftops.


      It’s worth noting, as we did earlier, that there’s nothing to stop a solar installer, for example, from hiring a bunch of workers from outside the U.S. (assuming they’ve passed muster with Immigration and Customs Enforcement). The idea is simply that the work itself is here.


      Growth in green jobs will benefit greatly from legislation that puts value on energy efficiency and a price on carbon, so there is a policy angle here, and the government has a big role to play. One example might be a renewable energy standard (RES), which as we discuss in Volume 1, is a mandate for utilities to generate a certain percentage of their power from renewable sources. Many states already have an RES, and one by-product of those laws is new demand for new wind farms, solar installations, geothermal plants, and so on.


      So how many green jobs can we make? One study released by the Blue Green Alliance and the Renewable Energy Policy Project looked at the effect a national RES would have on employment. The study found that such an effort aimed at bringing 185,000 MW of renewable energy online over ten years would generate 850,000 jobs at a cost of $160 billion.2 Another study found that $100 billion in clean energy spending could produce 2 million jobs, and in only two years.3


      Obviously, this kind of prognostication is not an exact science, and for every study put forward by organizations with the word “green” in their name there is another less optimistic one published by another interest group of one kind or another. But there is certainly an elegant logic to the notion of boosting the economy by putting people to work on things that will reduce pollution, cut CO2 emissions, reduce our dependence on foreign sources of energy, and (eventually) lower energy costs. That may be what moves the needle.


      Energy Education


      So OK, all this green jobs stuff sounds pretty good, but are we really prepared to lead the world in clean energy? That depends. The U.S. isn’t the only nation with great universities, a vibrant business community and government incentives for clean energy. If you think of cleantech as a market, we are but one competitor, and achieving a leadership position is going to require a highly skilled workforce. All those different kinds of green jobs we listed a moment ago need qualified people to fill them. We need education, specifically energy education, to ensure we have the resources (human and otherwise) to meet the challenge.


      Now, given the fact that our stated purpose with this book is to raise the level of energy literacy among regular people, we obviously have some skin in this game. So, consider this full disclosure: we want everyone to understand energy to the extent that it affects their lives. Not everyone has to be a nuclear engineer or a fuel cell researcher, but we do think it’s important for everyone to have a basic idea of where their energy comes from, what it costs, and why it is so important.


      Reading this book will help—a little—but the education we’re talking about (OK, advocating) here is more comprehensive. Third graders need to know where electricity comes from so that when they grow up they’ll have some idea of what they’re paying for every month on their utility bill. The more we know, the better able we’ll be to make informed decisions as consumers, which ultimately is probably the most effective way to make the shift to a sustainable energy future.
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      The Coming Energy Revolution

    


    
      Eckhart Tolleis aGerman-Canadianspiritual teacher, motivational speaker, and author who’s achieved that pinnacle of every writer’s dreams—appearing on the Oprah Winfrey show. (We’re not holding our breath, but you never know—this energy thing could catch on.)


      He opens his book A New Earth: Awakening to Your Life’s Purpose with an account of the very first flower to open on planet Earth and goes on to describe a groundswell of activities leading to an eruption of flowers across the globe. It’s a useful analogy here because the changes that are coming our way with respect to energy are like that first flower, a revolution.


      The actual process, though, will be more like evolution—gradual changes, each building on the ones before and all of them directing us toward a better shot at survival.


      If you’ve read through all the other chapters in this book, well, there isn’t much more for us to tell you. Your introduction to energy is just about complete. In these final pages, we’ll take a look at how the coming energy revolution/evolution will show up in a variety of different aspects of our everyday lives.


      The Coming Energy Revolution


      Manufacturing. We’ve already talked about how a boom in cleantech could spur a revitalization of America’s manufacturing sector, but in truth it’s already starting to happen. Wind turbine makers from Europe have had their sights set on the massive U.S. market for years, but have stayed away largely because of the lack of certainty in key policies, namely the production tax credit (PTC) for wind. Now that the PTC has been renewed for another few years and it looks like there’s a good chance it will be extended even further, turbine makers are setting up shop in Pennsylvania, Colorado, and elsewhere.


      Watch too, for more manufacturers of other products to make improvements in the energy efficiency of their plants, and even to generate their own power through cogeneration or even solar panels on the roof.


      Real estate. Buildings are the biggest source of CO2 emissions, and most of the ones standing today will still be here twenty to fifty years from now. That makes for a huge market in efficiency retrofits. Meanwhile, the U.S. Green Building Council’s Leadership in Energy and Environmental Design (LEED) standards are being adopted by an increasing number of builders. LEED-certified buildings made up about 5 percent of new commercial space in the U.S. in 2008,1 but that figure is expected to rise significantly in the coming years. Residential construction is also changing. “Green homes” are now fashionable and according to a recent report will make up 10 percent of new home construction in 2010.2, 3


      Corporate social responsibility. CSR doesn’t just mean “customer service representative” anymore, and major corporations are taking their “social footprint” seriously. Not all that long ago, an alliance between the likes of Caterpillar, BP, and the Natural Resources Defense Council would have sounded like a punch line. In fact, they are all members of the U.S. Climate Action Partnership (USCAP),4 one of the most prominent climate change organizations. Expect more bridging of old divides as the idea of sustainability is adopted more widely and businesses see benefits to going green beyond simple enhancement of their public image.


      One example of this is the Climate Savers Computing Initiative, a non-profit group committed to development and implementation of energy-saving technologies in electronic devices.5 The group has set a goal of cutting CO2 emissions from electronics by 54 million tons per year by 2010.


      Agriculture. We talked a bit about the food vs. fuel debate in chapter 10, and the questions surrounding corn-based ethanol in particular are not likely to go away anytime soon. But aside from questions about cropland being used for biofuels, the farming industry itself is ripe for an energy makeover. Food production on a mass scale is highly energy-intensive, but farming enjoys a certain amount of restraint in government regulation over pollution associated with farm operations. Air quality in some farming communities, particularly in California’s Central Valley, is among the worst anywhere in the U.S. in part because farm equipment isn’t subject to the same emissions controls as cars and trucks. New regulations could change that, but it will come at a price, one we’ll all pay at the grocery store.


      Biotech. The biotech industry will have a major role to play in the development of biofuels and the plants that are used to make them, but it might also be instrumental in carbon capture. Demonstration projects are already up and running to see if carbon-eating algae can be used to keep the CO2 from coal-fired power plants from ever reaching the atmosphere. If it works and can be scaled up to service the likes of a 1,200 MW coal plant, it could prove to be a critical step in weaning us off coal or at least mitigating its environmental impact.


      Retail. Say what you will about Wal-Mart, the undisputed king of retail is in a unique position to drive change among its thousands of suppliers through initiatives like buying organic products and insisting on more environmentally friendly packaging. Other major retailers are finding a hidden resource in (or rather on) their big box stores—the roof. Many big box retail stores are located in wide-open areas with no trees or tall buildings shading their roofs and several grocery stores have the same situation. This makes them ideal sites for solar power. Companies as diverse as Home Depot, Whole Foods, REI, and Wal-Mart are experimenting with rooftop solar power to meet at least a portion of their electricity requirements.


      Media and lifestyle. We grouped these two things together because it seems they are increasingly linked. Even way back at the dawn of the Internet Age, a new magazine was launched that had as its tagline the somewhat (at the time) incongruous phrase “technology as lifestyle.” The publication in question was Wired magazine, and since then media has become a never-ending feedback loop of personal style and culture focused on the individual. And with environmental issues taking up so much of the scene these days, is it any wonder that MTV’s original reality show The Real World now puts the participants up in green homes with energy-efficient appliances and on-site composting? California Governor Arnold Schwarzenegger even appeared on an episode of Pimp My Ride to talk up biodiesel vehicles. Now you know you’re not in Kansas anymore.


      Government. We’ve talked a lot in this book about the role of government in directing our energy future, and we’re finishing this section with it because it is so vitally important. Energy policy at the federal, state, and local level will determine perhaps more than anything else what our energy future will look like. But aside from tax credits, emissions caps, and the like, the government is also an energy consumer—the largest in the world, in fact—and as such it wields tremendous influence in the marketplace. If Uncle Sam decides he’s only going to buy compact fluorescent light bulbs or Energy Star appliances from here on out, you can bet someone will be there to sell them.


      But government, at least in this country, is not a spectator sport. The more engaged we all are in the process, the better our energy policy will be and the less time we’ll spend wrangling over ideology and minutiae. If you want to find out more about what’s going on in your area, check out the list below of some noteworthy initiatives at the state and local level.


      State Level Initiatives


      n Green California

      www.green.ca.gov


      n Illinois Green Government Council

      www.standingupforillinois.org/green/


      n New York State Green Building Initiative

      www.dec.ny.gov


      n North Carolina Project Green

      ww.ncprojectgreen.com


      n Pennsylvania Green Government Council

      www.gggc.state.pa.us


      County


      n Santa Barbara County Green Award Program

      www.lessismore.org

      


      City


      n City of Los Angeles

      www.ladwp.com/ladwp/areaHomeIndex.jsp?contentId=LADWP

      _GREENLA_SCID


      n City of Palo Alto

      www.cityofpaloalto.org/environment/default.asp


      n City of Santa Monica

      santa-monica.org/EPD/EnvironmentalPrograms


      n City and County of San Francisco

      www.sfenvironment.com


      n City of Portland

      www.sustainableportland.org/


      n City of Seattle

      www.seattle.gov/environment/


      n City of Oakland

      www.sustainableoakland.com

    

  


  
    
      Epilogue

    


    
      Congratulations! You’ve made it to the end, or the end of the beginning anyway. We hope you’ve enjoyed the trip, and that you’ve come away with a better understanding of energy issues and why this subject is so important. We also hope you had some fun along the way. We set out to make energy understandable with a healthy dose of humor because, well, you just can’t be that serious all the time, even about a topic as serious as this. Energy is important, but it needn’t be boring.


      This doesn’t have to be the end of the line, though. Maybe you’ve just pocketed a few conversation tidbits for your next cocktail party—and that’s OK—but there are many ways you can put your energy savvy to work. Just being an informed consumer is one. And if you’re moved to take further action (e.g., drive a hybrid, put solar on the roof, quit your job and go work for an energy non-profit), that’s great too.


      For our part, we’re just getting started. We’re on a mission to increase energy literacy and this book is only the first step. If you have something to say about that—what to include in our next book, for example—we’d love to hear from you. Look us up online at www.energyexplained.com.


      Meantime, keep on with whatever got you to pick up this book in the first place. Woody Allen famously said, “eighty percent of success is just showing up,” and we’re glad you showed up for our little visit to the world of energy. We hope to see you again sometime soon.
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