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CHAPTER 1

Armchair Journey

A few hundred years from now, human beings won’t burn coal, oil, and natural gas any more. This might be because they’ve adopted laws that keep supplies in the ground for environmental reasons, or it might be because supplies are all used up, but this distinction is a detail. The amount of fossil fuel in the earth is finite, so people eventually won’t be able to burn it any more.1 We don’t have to analyze contemporary energy struggles and pilot our way through the many minefields and crossfires to see the energy future in this respect. We can skip over all that and simply transport ourselves mentally to a time when fossil fuels are gone.

Let us therefore take an armchair journey into the distant future, when coal, oil, and natural gas are things of the past. There’s a slight possibility that the trip will fail because the entire human race got wiped out in an earlier environmental catastrophe or war, so we find no people, but that’s extremely unlikely. Humans are very adaptive and prolific creatures, and every last one of us would have to be eliminated to prevent us from repopulating. So let’s assume this didn’t happen, and that we encounter some people not so different from ourselves, for they’re carbon copies of us, literally.

Partisans in modern energy wars are quick to point out how irresponsible such thinking is. The final demise of carbon burning is so far away, perhaps ten generations, that it’s quite irrelevant to energy problems of today.2 They say that by focusing on the distant future, we only encourage apathy.

However, transporting ourselves mentally beyond any living person’s selfinterest has the great advantage of separating technical matters from political  ones. Modern energy concerns are inherently political, of course, so divorcing the two completely makes no sense. But we save ourselves much time and vexation if we deal with the much simpler technical issues first. Think of it this way: To build a power plant, we need both enough votes and enough concrete, but if there isn’t any concrete, we’re simply not going to build the plant.

Moreover there’s more benefit than usual in seeking clarity in this case because the very large stakes involved encourage people to misunderstand each other and, dare we say it, make a statement or two now and then that they know to be untrue. For instance, we don’t need alternative fuels because the world isn’t running out of oil, oil is plentiful right now, we’re making new discoveries all the time, and there are forty-two years’ worth left.3 Or, we do need alternative fuels because the world is running out of oil, it will happen in a decade or two, and we need to invest in green technologies and distance ourselves from coal. Or, we need fast trains because the world is running out of oil, big cars are wasteful, the trains will go everywhere we want, and taxing truckers is good. All sides in such arguments tend to represent that science is on their side and that theirs is the only logically sound position. Logic has nothing to do with it, of course.

The issues of energy turn out to be especially easy to think through in hindsight. For example, we might ask whether the people we encounter in this distant time will still drive cars. After a few moments of thought, nearly everybody answers yes to this question, even though they’re not quite sure where the energy would come from. The reason, they say, is that cars will be things that people desperately want, if only because they’re status symbols, and they’ll therefore pay any price, whereupon entrepreneurs will step forward to find a way to make the cars available. We can also ask whether these people of the distant future will still fly in airplanes. That’s a little harder, for it’s easier for us to imagine living without airplanes than without cars. However, again nearly everyone concludes that people of means living at that time will want the speed and convenience of air travel, and thus that ordinary folk will be able to fly too, although not necessarily cheaply. Then there’s the question of whether the lights will come on—that is, whether electricity will be available at reasonable prices whenever users want it. Everyone answers this one yes very quickly, reasoning that governments foolish enough to let the lights go out will not be in office for long.

With the basic features of the future energy landscape thus determined, important technical details now fill in easily. If people are flying in airplanes, they must have something to power those planes. It can’t be petroleum distillates because there isn’t any petroleum. The fuel, whatever it is, has to be light, compact, and safe because otherwise the airplanes won’t fly—or will blow up occasionally if they do fly. The only such substance elementary chemistry allows is the very jet fuel we use today, so these people must be synthesizing jet fuel from raw materials, presumably with help from an outside energy supply of some kind. Likewise, if people are driving cars, they must be powering them somehow. The power source might also be synthetic fuel, or it might be something else, such as batteries or third rails, but it will definitely be the least expensive option. These people won’t like wasting money any more than we do, and they especially won’t like wasting it on energy companies. If people’s lights come on when they flip the switch, then the power again must come from somewhere. It could be from the sun, the wind, or nuclear reactors, but where it will actually come from is the producer with the lowest delivery price.

We might worry at this point that these people fibbed to us about their world having sufficient energy resources to cover their needs, but a quick check dispels that worry. There is more than enough supply by a wide margin, notably from the sun and its proxy, the wind. It’s just a matter of what has the lowest cost. Not only have these folks not fibbed, but in fact they seem to be stuck in exactly the same rat race of production and delivery cost minimization that we are in today, only with different details.

The nature of the future energy enterprise our armchair journey reveals isn’t directly relevant to any present-day energy controversy, for we live in a time when fossil fuels dominate prices. It matters peripherally, however, because the seeds of what we should do now are contained in what will be. If, for example, we think that carbon is destined to play a central role in energy long after fossil fuels are gone because it’s indispensable for air travel, we might want to start being nicer to our carbon industries. If we think that synthetic fuel manufacture is destined to materialize no matter what, we might want to encourage its creation now, so that we don’t have to build plants in a panic when the crisis is upon us. If we think that nuclear power is destined to impose a price ceiling on electricity no matter what, we might want to develop it properly and keep it standing by, whether we deploy it or not. If we think solar and wind power are destined to be a central energy source no matter what, we might want to develop ways to bank the energy they produce in extremely large quantities, even though doing so is expensive.

We can predict the energy situation so far in the future reasonably reliably because it’s circumscribed by elementary things. In this it’s different from, say, the weather or an election return. We know that the laws of economics  will still hold, even if the direst predictions of global warming come true, and even if there is serious military conflict between now and then. The people of that time will be just as selfish as we are, just as ambitious, just as motivated to protect the children, and just as clever, thanks to the magic of genetics. Also, energy differs from other aspects of human economic life, such as market presence or stock value, in being extremely primal and ruled by simple, powerful physical law. We know that this law has been in force since long before humans walked the earth, and we’re reasonably confident that it will never change or be overturned by future discoveries or technical innovations. The equations of quantum mechanics will be exactly the same centuries from now as they are today, regardless of what happens, as will the rules of chemistry and engineering that flow from them, as will the equations of heat, light, electricity, and radiation. Energy will still be conserved and will still have to come from somewhere. Its possible sources will be the same as they are today in every detail. It will still degrade entropically with use and have to be thrown away into outer space as waste heat when its work is done. People of that day will still need a steady supply of it to live.

However, the simplicity of this energy calculation is a double-edged sword, for it obligates us to check our facts carefully. We need to verify that present-day energy economics really is as cutthroat as everyone says it is. We need to verify that quantum mechanics really does prevent stressed matter from ever matching chemical fuels as energy storage media. We need to check that ordinary jet fuel really does have the optimal energy density allowed by physical law and that the carbon it contains is essential. We need to verify that electricity and magnetism are unsurpassed for transmitting energy but useless for storing it. We need to scrutinize the costs of batteries, including the hidden costs associated with the environmentally unfriendly metal ions they contain. We need to recheck our nuclear facts, particularly as regards supply, costs, and the burdens of radioactive waste disposal and antiterrorism security. We need to scrutinize biological processing costs and make sure they’re compared properly with those of conventional chemical processing. And finally, we need to review and pin down, as best we can, the supply and cost numbers of solar energy in its various forms.

Thinking about the end of fossil fuels futuristically also makes painfully clear that climate and energy are very different things. The people working in the twilight of the fossil fuel era will care about the earth as much as we do, but they’ll be struggling to live by tasking earth’s resources in new ways and will have to make that struggle their first priority. Their cost constraints will also be especially severe because they won’t have cheap fossil fuel to fall  back on anymore. They’ll have to pay out of pocket for expensive decisions favoring the environment. The effect that has on behavior is unhappily familiar. Individuals passionate about improving the state of the world centuries in the future usually lose interest the moment one begins enumerating specific sacrifices they should make to accomplish the improvement, especially if those sacrifices involve disadvantaging their own children. It turns out that they were only interested in saving the world with someone else’s money. Such attitudes, common now, will only become more common as fossil fuel supplies wane and competition for the necessities of life intensifies. We can thus expect the move to secure adequate energy supplies, when it eventually occurs, to be largely divorced from environmental concerns or even at odds with them, because people will be putting their own needs first. Alternate energy, when it finally arrives, will not be green.

Climate and the environment will thus continue to be problematic through the transition away from fossil fuels, notwithstanding the cessation of carbon dioxide buildup in the air and the plateauing of global temperature increases. The core problem, ever-increasing human demands on the earth’s resources, will still be present and may even have worsened. People of this future time will still want clean air and water, natural surroundings, large tracts of land kept wild, fisheries and forests kept healthy, and factories somewhere other than their back yards. They might not be able to have all these things, however, perhaps because the earth is warmer, but mostly because these things will come at a cost in economic well-being (for some) and because they’ll be incompatible with large populations. Human burdens on the earth are a specific case of burdens that plants and animals impose generally on their respective ecological niches. The earth’s limited ability to sustain such burdens is a major factor in the fight for survival and thus the rise and fall as species over the span of geologic time.

Even though the final outcome of the transition away from fossil fuels is likely to be positive, the transition itself could be terrible. It will be a major global event, like an ice age or a comet impact, not a mere budgeting shortfall or overcrowded highway that an act of Congress can whisk away.4 The present flow of crude oil out of the ground, the greatest since the oil age began, equals in one day the average flow of the Mississippi River past New Orleans in thirteen minutes.5 If we add the energy equivalents of gas and coal to the calculation, it’s thirty-six minutes. Although daring use of capital was essential for harvesting this abundance, it didn’t put the abundance there in the first place and won’t make the abundance reappear once it runs out. When it does, people won’t merely be inconvenienced. Rather, the earth’s  capacity to render up unimaginably large amounts of oil, gas, and coal on demand is a fundamental premise of modern industrial civilization. Without exception, all major cities in the world are too large to feed without the use of machines. Were energy supplies to fail catastrophically tomorrow, the great city as we know it would cease to exist, and most of us would starve. The decline and eventual exhaustion of fossil fuels is thus like the coming of winter to a people who have known only summer.

What often occurs when humans compete for diminishing resources is military conflict. However, it’s best not to dwell on that.6






CHAPTER 2

Geologic Time

Ironically, a proper mental journey into the energy future must begin with a backward look at geologic time. The reason for this is that the way forward is fogged by misunderstandings about the earth, the starting point for any serious conversation about energy supply or climate. We’re constantly struggling to separate myth from reality when thinking about these things. Experts are little help, for they have the same difficulty, which they routinely demonstrate by talking past each other. Respected scientists warn of imminent energy shortages as geologic fuel supplies run out. Wall Street executives dismiss their predictions as myths and call for more drilling. Environmentalists describe the destruction to the earth from burning coal, oil, and natural gas. Economists describe the danger to the earth of failing to burn coal, oil, and natural gas. Geology researchers report fresh findings about what the earth was like millions of years ago. Creationist researchers report fresh findings that the earth didn’t exist millions of years ago. The only way not to get lost in this awful swamp is to review the basics and decide for yourself what you believe and what you don’t.

Geologic time is such a vast concept that converting it to something more pedestrian, just to get oriented, can be helpful for our understanding. I like rainfall. The total precipitation that falls on the world in one year is about one meter of rain, the height of a golden retriever.7 The total amount of rain that has fallen on the world since the industrial revolution began is about two hundred meters, the height of Hoover Dam. The amount of rain that has fallen on the world since the time of Moses is enough to fill up all the oceans.  The amount of rain that has fallen on the world since the ice age ended is enough to fill up all the oceans four times. The amount of rain that has fallen on the world since the dinosaurs died is enough to fill up all the oceans twenty thousand times—or the entire volume of the earth thirty times. The amount of rain that has fallen on the world since coal formed is enough to fill up the earth one hundred and forty times. The amount of rain that has fallen on the world since oxygen formed is enough to fill the earth one thousand times.8

Common sense tells us that damaging a thing this old is somewhat easier to imagine than it is to accomplish—like invading Russia. The earth has suffered mass volcanic explosions, floodings, meteor impacts, mountain building, and all manner of other abuses greater than anything people could inflict, and it’s still here. It’s a survivor. We don’t know exactly how the earth recovered from these devastations, for the rocks don’t say very much about that, but we do know that it did recover, the proof being that we are here.

Nonetheless, damaging the earth is precisely what’s concerning a lot of responsible people at the moment. Carbon dioxide from human fossil fuel burning is presently building up in the atmosphere at a frightening pace, enough to double the present concentration in a century. Some people predict that this buildup will raise average temperatures on earth several degrees centigrade, enough to modify the weather and accelerate the melting of the polar ice sheets.9 Governments around the world have become so alarmed at this prospect that they’ve taken significant (although ineffective) steps to slow the warming. These actions include legislating carbon caps, funding carbon sequestration research, subsidizing alternate energy technologies, and initiating at least one serious international treaty process to balance the necessary economic sacrifices across borders.10

Unfortunately, this concern isn’t reciprocated. On the scales of time relevant to itself, the earth doesn’t care about any of these governments or their legislation. It doesn’t care whether we turn off our air conditioners, refrigerators, and television sets. It doesn’t notice when we turn down our thermostats and drive hybrid cars. These actions simply spread the pain over a few centuries, the bat of an eyelash as far as the earth is concerned, and leave the end result exactly the same: All the fossil fuel that used to be in the ground is now in the air, and none is left to burn.11 The earth plans to dissolve the bulk of this carbon dioxide into its oceans in about a millennium, leaving the concentration in the atmosphere slightly higher than today’s. Over tens of millennia after that, or perhaps hundreds, it will then slowly transfer the excess carbon dioxide into its rocks, eventually returning levels in the sea and air to what they were before humans arrived on the scene. The process will  take an eternity from the human perspective, but it will nonetheless be only a brief instant of geologic time.

Some details of this particular carbon dioxide scenario are controversial, of course, because all forecasts are partly subjective, including those made by computer. We have to extrapolate from present-day facts and principles, and there are varying opinions about these. The time scale for the ocean to absorb man-made carbon dioxide is set by the mixing rate of surface water with deep water in the sea, which is known only indirectly and might conceivably change during the thousand-year heating transient.12 The amount of carbon dioxide left in the atmosphere after equilibration varies from tolerable to alarming depending on how much industrial burning you assume in your model.13 No one knows for sure how long it will take the excess carbon dioxide to disappear into the rocks or even the specific chemistry involved. The main reason for thinking it will disappear is that something, presumably a geologic regulatory process, fixed the world’s carbon dioxide levels before humans arrived on the scene. Some people even argue that carbon dioxide has been fixed at these values for millions of years, the grounds being that the photosynthetic machinery of plants seems optimized to them.14 But the overall picture of a thousand-year carbon dioxide pulse followed by glacially slow decay back to the precivilization situation is common to most models, even very pessimistic ones.

Global warming forecasts have the further difficulty that one can’t find much actual global warming in present-day weather observations. In principle, changes in climate should show up in rainfall statistics, hurricane frequencies, temperature records, and so forth. As a practical matter they don’t (yet) because weather patterns are dominated by large multiyear events in the oceans, such as the El Niño Southern Oscillation and the North Pacific Gyre Oscillation, that have nothing to do with climate change.15 In order to test the predictions we’d have to separate these big effects from subtle, inexorable changes on scales of centuries, and nobody knows how to do that at the moment.

Humans can unquestionably do damage persisting for geologic time if one counts their contribution to biodiversity loss. There is considerable evidence that humans are presently causing something biologists call the “sixth mass extinction,” an allusion to the five previous cases in the rocks in which huge numbers of species died out mysteriously in a flash of geologic time.16 A popular—and plausible—explanation for the last of these events, the one when the dinosaurs disappeared, is that an asteroid ten kilometers in diameter struck the earth traveling fifteen kilometers per second and exploded  with the power of a million 100-megaton hydrogen warheads.17 Many say that the damage that human activity presently inflicts is comparable to this. Extinctions, unlike carbon dioxide excesses, are permanent. The earth didn’t replace the dinosaurs after they died, notwithstanding the improved weather conditions and twenty thousand ages of Moses to make repairs. It just moved on and became something different than it had been before.

However, carbon dioxide per se is not responsible for most of this extinction stress. There are a handful of potential counterexamples, such as corals,18 which seem especially sensitive to acidification of the ocean surface, and amphibians, which have been declining noticeably for unknown reasons.19 But except in these few isolated cases, keeping carbon-based fuels in the ground a while longer won’t do much to mitigate the loss of biodiversity. The real problem is human population pressure generally—overharvesting, habitat destruction, pesticide abuse, species invasion, and so forth. Slowing man-made extinction in a meaningful way would require drastically reducing the world’s human population.20 For better or worse, that is unlikely to happen.

It’s a mistake to suspend judgment on questions of population, climate, carbon use, and so forth just because they’re sensitive. If you do, you’ll become incapacitated by confusion. Earth scientists tend to be ultra-conservative when it comes to the future, presumably to avoid getting tarred as mythmongers, and they go to extraordinary lengths to prove that the globe is warming now, the ocean is acidifying now, fossil fuel is exhausting now, and so forth, by means of measurement, even though these things are self-evident in geologic time. The unhappy result is that we get more and more data but less and less understanding—a common problem in science but an especially acute problem in climatology. In such situations it’s essential to weigh facts more strongly if they are simple and use this practice to sweep away confusion whenever (and if) we can.

The sea’s immense capacity to store carbon dioxide is one of the simple things with which we can reliably orient ourselves. It’s a junior high school science fair project. If you leave a glass of distilled water on the counter overnight, you will find the next morning that it has become slightly acid, due to absorbing carbon dioxide from the air.21 It hasn’t absorbed much—about the amount stored in an equal volume of air—so this effect alone will not sequester much carbon. But if you now drop a piece of limestone in the water, thereby emulating the presence of carbonate rocks at the bottom of the sea, and repeat the experiment, you will find that the water has become slightly alkaline and that the amount of carbon dissolved in the water is now sixty times greater than it was before.22 You have to tinker a bit to figure out  where this carbon came from, but you eventually discover that half came from the limestone and half came from the air. It all has to do with the marvelous (and elementary) chemistry of bicarbonate salts. You also find that the alkalinity matches that of seawater, as does the carbon dioxide carrying capacity. Thus we learn that the oceans presently have dissolved in them, in the form of bicarbonate ion, forty times more carbon than the atmosphere contains, a total of thirty trillion tons, or thirty times the world’s coal reserves.23

The experiments that constrain geologic time scales are almost as simple as this science fair project, although not quite, and they orient us just as reliably. Not everyone agrees with this assessment, of course.24 Geologic time does contravene religious beliefs, a difficulty with this subject that is very regrettable because it doesn’t contravene the religious beliefs that count. But it’s probably more significant that the experiments, simple though they may be, involve obscure facts about rocks, a knowledge of physical law, and the assumption that this law was the same in the ancient past as it is now, none of which is obvious, much less interesting, to the average person. If you go to the supermarket and engage the checkout clerk in a conversation about the Paleozoic era, radioactivity, or the disappearance of the megafauna, you’ll be met with a smile and then probably escorted from the building as a lunatic. However, the time scales do come from somewhere concrete that can be explained simply.

We get a long way toward understanding geologic time by just disciplining ourselves not to dismiss things around us that seem to make no sense. For instance, a local beach a short drive from my home is backed by cliffs about one hundred feet high that expose alternating layers of sandstone, mudstone, and aggregate, perhaps seven in all.25 One can tell without having attended a single geology class that these layers were formed by the action of water, the most likely candidate being the nearby ocean, especially in light of the fossilized clams entombed in some of them. Yet there they are high and dry, integrated into the rolling hills beyond, as though they were the sliced edge of a huge layer cake. The layers are also tilted, sometimes up and sometimes down, as though giants had sat down on them in some places but not others. The tilt is large enough that some clifftop planes continue downward to the beach and disappear into the ground. The cliffs are eroding. The rocks are noticeably crumbly in places, and one can see little landslides high up on the face as well as shelves and caves at the bottom where waves wash at high tide.

Once we begin noticing oddities in the rocks, we can’t help but think about their implications. Layers of rocks with fossilized clams in them can only be above water now if the land rose, the sea sank, or both. Sea level has  been quite constant throughout recorded history, say five thousand years, and there are no documented cases of hundred-foot rises in the land either, except for volcanoes, so the cliffs are considerably older than recorded history. 26 The tilting tells us that the land moved, regardless of what the sea did. The material forming the layers had to come from somewhere. Erosion from the cliffs themselves is really the only possibility, for there just isn’t enough mud coming down local creeks and rivers to account for the sheer mass of rock, and besides, the layers are grainy and chunky, whereas the river mud isn’t. But cliffs can’t be made of erosion debris from themselves. The cliffs must therefore have eroded away completely and risen up again at least once, and more likely several times, judging from the layering complexity. The erosion rate of the cliffs thus sets the minimum age of the rocks. This rate appears to be about one millimeter per year, perhaps less, for the rock here is relatively hard, which means a million years to erode a kilometer, or about ten million years to erode away the shore entirely. That’s sufficiently long that we don’t have to allow for the ice age—which we shouldn’t do anyway because we’re not supposed to know about the ice age yet. The age of the rocks therefore is about two million years, or perhaps four million, just to be safe.27

Such crude estimates of geologic time were the best anyone could do until the 1960s, when radiometric dating of rocks became commonplace. The relative newness of this technology accounts for some of geology’s credibility problems, for geologic time itself was invented one hundred years earlier and thus had plenty of time to develop a reputation for flakiness. The newness also accounts for why organized opposition to radiometric dating has grown recently, as opposed to some previous time. There is no need to impugn the reliability of a thing that does not yet exist.

Although radiodating is technically difficult—indeed impossible without sophisticated equipment—it’s straightforward conceptually.28 The method appropriate to this situation involves placing a piece of rock about the size of a golf ball in a vacuum chamber, melting the rock, collecting all the gases driven off, and measuring the total mass of the element argon these gases contain.29 Then we dissolve the same rock in acid, do a bit of conventional wet chemistry with the solution, and measure the total mass of the element potassium it contains. The ratio of these two masses, multiplied by a certain number, is the age of the rock. The physics underlying this procedure is that potassium, which is plentiful in nearly all rocks, is slightly radioactive and decays to argon, a chemically inert element. Argon likes to escape out of rocks when they are very hot, in particular when they are melted into volcanic lava,  but otherwise is trapped. A conventional volcanic rock contains no argon right after it solidifies. The amount of argon it contains right now therefore counts the number of potassium atoms that decayed since it solidified and thus the amount of time that elapsed.

Radiometric dating has to be used cautiously, however, for it’s notoriously easy to do wrong. The argon levels can be artificially high, for example, because of atmospheric contamination in air pockets and grain boundaries in the rock, or they can be artificially low because the rock got overheated sometime after it formed or because the rock recrystallized or acquired inclusions of younger rock through geologic processes underground. Sedimentary rock always gives nonsense readings because it doesn’t get hot when it forms and because weathering, aggregation, and metamorphism cause crystal structure changes, which corrupt the argon record.

Fortunately, the cliffs on my beach possess a layer of volcanic ash fairly high up with which they can be dated. The team that last surveyed the site chose not to date the ash directly, presumably because they didn’t trust the argon levels, but instead identified it chemically with ash deposited hundreds of miles away and overlain by a layer of volcanic basalt. The basalt yielded a clean argon age of two and a half million years. Basaltic rocks higher up in the mountains behind this beach, which are older, yield an age of twenty million years. The rocks on the beach are thus somewhere between two and twenty million years old. Cross-correlation of the fossils they contain then narrows this down to about six million years, give or take a million. Thus there were no human beings on earth when the lowermost of these layers first sedimented out of the sea. Between then and now enough rain fell on the earth to fill up the oceans two thousand times.

It would be very surprising if rocks conveniently near my home had especially large geologic ages, and naturally this isn’t the case. When we go through the same kinds of analysis with rocks in other parts of the world, we typically get ages that are ten to one hundred times greater than these. A particularly famous example is in the first edition of Origin of Species, where Charles Darwin used erosion arguments to estimate the age of the Weald, a region southeast of London curiously deficient in chalk.30 He came up with three hundred million years. It was impossible to refine this estimate radio-metrically at the time, so it’s probably not surprising that he reduced his estimate by half in the second edition and eliminated all mention of the subject in the third. But his reasoning was conceptually right, and the estimate itself was close to correct. The Weald is about one hundred twenty million years old, give or take ten million.31 It’s an interesting part of England—the place  where the Battle of Hastings was fought, cricket was invented, and dinosaur fossils were first discovered.32

The Weald is only the beginning, however, because Great Britain is extremely old. By a stroke of fortune, the entire country is a complete stack of the world’s sedimentary layers tipped gently downward to the northwest and then planed level at the top.33 The plentiful fossils in the ground, which are different in different layers, thus form narrow tracks that run roughly parallel to the coast of France. When people first discovered these tracks, they had no way to date the rocks in question, so they simply assigned names. The easternmost track became Cretaceous, after the Greek word creta for chalk. The next one became Jurassic, after the Jura mountains in Switzerland. The next one became Triassic, after a characteristic three-level sedimentation pattern (the Tria) found commonly in Germany. The next one became Permian, after the region of Perm in Russia. And so on and so forth. But the subsequent invention of radiodating later enabled actual ages to be assigned to these names, albeit with the precision difficulties encountered on my beach.34 The white cliffs of Dover are seventy million years old. The clay under Oxford is one hundred fifty million years old. The rocks under Stratford-upon-Avon are two hundred million years old. The coal under Stoke-on-Trent is three hundred million years old. The Lake District is four hundred million years old. The Isle of Man is five hundred million years old. The highlands of Scotland are six hundred million years old—and more.

The oldest rocks in the world are not in Great Britain but rather in places exposed to extremes of ice-age glaciation, such as Greenland, northern Canada, and northern Finland. Here the glaciers ground off all the upper sedimentary layers to expose the primordial rocks below. Radiometric ages of these rocks begin where the geological record in Britain ends and run back an additional four billion years.35 The oldest ages coincide with those of meteorites and moon rocks, implying that they date the birth of the earth.36 The age of the earth isn’t important for energy discussions except in establishing that cosmic events, not artistic value judgments, set the overall scale of geologic time.

The continents have moved up and down over the course of geologic time a greater distance than the sea is deep. We know this because the total thickness of sedimentary rock in some places exceeds four kilometers. Charles Darwin also observed, after dating the Weald, that the total thickness of all the sedimentary strata in England would total twenty-two kilometers if piled on top of one another. It wasn’t clear at the time how literally one should interpret this fact, for nobody had mined straight down through all the layers,  nor did anyone know for sure how deep the ocean was. But now the oceans have been thoroughly surveyed, and oil technologies such as echo stratigraphy and deep drilling routinely find sedimentary rock layers ten to fifteen kilometers thick.37 The most sensational example of such thicknesses is, of course, the Grand Canyon, which required a three-kilometer uplift from sea level to be cut by the Colorado River, and which forms, together with Utah’s Escalante Staircase, a total sedimentary mass ten kilometers thick.38 The Grand Canyon also demonstrates that uplift and subsidence alternated, because it contains plant fossil layers sandwiched between marine fossil layers. Less famous but no less relevant to the vastness of geologic time is the nearby Animas River canyon, which cuts through sedimentary rock five kilometers thick. Around the world, sedimentary deposits over one kilometer thick are commonplace.39

Sea level has not, however, moved up and down over the course of geologic time an amount greater than the mountains are tall. We know this because marine sediments have accumulated continuously for the last six hundred million years, which they would not have done if continental erosion had stopped or the seabed had emptied. Moreover, we can work backward from clues left in the rocks to reckon what the sea level was in the geologic past.40 This process has methodological uncertainties, for it involves judgments about how layer sequences in different parts of the world line up, what constitutes evidence for shorelines, and how the earth’s crust yielded and rebounded as masses of rock came and went.41 However, the process is accurate enough to tell us that the amount of water on the earth hasn’t changed significantly over geologic time, and that the rise and fall of the oceans is adequately accounted for by the waxing and waning of the polar ice sheets and slow changes in ocean basin volumes. The sea level has had a complex and interesting history, but it has never deviated more than two hundred meters from its present value.

The sea has risen and fallen particularly vigorously over the past million years as a result of ice-age glaciation. We know this because oxygen isotope ratios in the ocean sediments vary violently with depth.42 These ratios indirectly measure the amount of water locked up in glacial ice sheets at the time of sedimentation.43 The sediments record nine major glacial episodes, each of which lowered the sea level by more than fifty meters and then returned it abruptly to its present value.44 At least four of these episodes lowered the sea by more than one hundred meters. This includes the most recent one, which lowered it one hundred twenty. The amount of lowering is corroborated by uplifted coral reefs, which show growth in places that  would otherwise have been impossible, on account of requiring specific water depths.45 This lowering is also consistent with estimates of the ice mass required in order to leave behind such industrial-strength mischief as Long Island, Nantucket, and the Great Lakes—about thirty million cubic kilometers in all, or thirty million billion tons.46

The major glacial episodes are spectacular examples of the natural climate change that has occurred in geologic time. They took place at regular intervals of one hundred thousand years and always followed the same strange pattern of slow, steady cooling followed by abrupt warming back to conditions similar to today’s. We know this because chemical records in polar ice, the patterns of which match those of the sediments, contain a signal that tracks the earth’s precessional wobble.47 The precession is a clock-like astronomical quantity, so its appearance in the ice data enables us to date the ice precisely. That, in turn, enables us to date the sediments precisely. The last glacial melting, cross-dated at fifteen thousand years ago by the radiocarbon age of wood debris the glaciers left buried as they retreated, occurred rapidly. 48 The sea rose more than one centimeter per year for ten thousand years, then stopped. The extra heat required for this melting was ten times the present energy consumption of civilization.49 The total meltwater flow was two Amazons, or half the discharge of all the rivers in all the world.

The great ice episodes were not the only cases of natural climate change, however.50 Six million years ago the Mediterranean Sea dried up.51 Ninety million years ago alligators and turtles cavorted in the Arctic.52 One hundred fifty million years ago the oceans flooded the middle of North America and preserved dinosaur bones. Three hundred million years ago northern Europe burned to a desert, and coal formed in Antarctica.53 The great ice episodes themselves were preceded by approximately thirty smaller ones between one and two million years ago, and perhaps twice that many before that.

Nobody knows why these dramatic climate changes occurred in the ancient past. Ideas that commonly surface include perturbations to earth’s orbit by other planets,54 disruptions of ocean currents,55 the rise and fall of greenhouse gases,56 heat reflection by snow,57 continental drift,58 comet impacts, Genesis floods,59 volcanoes, and slow changes in the irradiance of the sun.60 None of these things has yet pointed to a scientifically sound explanation.61 However, one thing we know for sure is that people weren’t involved. There weren’t enough people around during the ice episodes to matter, and there weren’t people before them at all.

The geologic record as we know it thus suggests that climate is a profoundly grander thing than energy. Energy procurement is a matter of engineering and keeping the lights on under circumstances that are likely to get more difficult as time progresses. Climate change, by contrast, is a matter of geologic time, something that the earth routinely does on its own without asking anyone’s permission or explaining itself. Far from being responsible for damaging the earth’s climate, civilization might not be able to forestall any of these terrible changes once the earth has decided to make them. Were the earth determined to freeze Canada again, for example, it’s difficult to imagine doing anything except selling your real estate in Canada. If the earth decides to melt Greenland, it might be best to unload your property in Bangladesh.

Thus, the geologic record suggests that climate ought not to concern us too much when we’re gazing into the energy future, not because it’s unimportant, but because the energy crisis will be upon us before we succeed in changing the earth’s heat balance in a major way. We know this because the changes to the climate caused by humans thus far are small compared to those known to have occurred naturally in the ancient past.

The geologic record also accounts for why the issues of energy and climate often seem so otherworldly. It’s because the sixth mass extinction and the end of fossil fuels are events of geologic time. Like the coming of nuclear weapons or the industrial revolution, their approach is an imminent collision between the world of the imagination and the world of the here-and-now in which they will merge briefly and then separate again with altered definitions. Everything will come out fine, but it’s scarcely surprising that conversations about both sometimes seem a bit psychotic.






CHAPTER 3

Jungle Law

When I was a kid, my father would always buy the cheapest gasoline. Not paying a penny more than necessary wasn’t just a convenience for him. It was a matter of pride. He constantly kept his ear to the ground for deals and always knew who was getting in and out of the business and who was charging what at a given moment. If he caught wind of a slight price advantage somewhere across town, he would drive there immediately and fill up. If there were a gas war, he wouldn’t just be happy but strangely cheery and hummy all the time, as though he’d gone to heaven but just hadn’t yet picked up his harp.

My dad’s obsession with cheap gas wasn’t that unusual, of course. We learn this to some extent just by aging and observing our fellow citizens’ buying habits. We learn it especially well, however, when we travel. A casual conversation about fuel headaches with a taxi driver in China, Europe, Latin America, or Africa, either directly or through an interpreter, always winds up being the same conversation. It’s quite amazing. We discover that the person thinks exactly the way we do, right down to tiny details. Everybody wants the cheapest gas.

Once we understand how similar most other people in the world are to us, we begin having trouble with the concept of energy conservation for the good of all.62 We want to be responsible, but our minds revolt and wickedly conjure up a guy in Bengal with a large family, a shiny new car, crushing education responsibilities for the kids, and ambitions to protect himself in old age by making more money. He pulls into his local gas station, starts pumping,  and muses during the rather long wait, for the tank is capacious, how nice it is that people in Germany, France, and the United States are working so hard to use less gasoline, thus keeping prices low for him. He gets happier and happier as he pumps, and this is not just because of the lovely weather either, for it’s hot and rainy. On his way to the kiosk to pay, he hums to himself in a contented sort of way, as though he were a carbon copy of my father, which of course he is. He then hops in the car and turns on the air conditioner full blast. Our minds then replicate this scene a billion times, in different languages and circumstances around the globe, each time playing out substantially the same way and for the same reasons. Then they ask for—and get—a small chuckle.

Energy’s immense personal significance to all of us, revealed by the extremes to which we’ll go to get deals, causes the law of the jungle, rather than the law of man, to regulate its production and use. Most of us don’t think about this notorious fact of life very much because doing so isn’t a good use of time. Energy is so cheap compared with other things we have to pay for—medical costs, education costs, mortgages, and so forth—that we’re better off leaving gasoline injustice for someone else to worry about.63 However, everybody understands that this cheapness is less a taming of the jungle than a fortuitous abundance of bananas. It’s a consequence, in particular, of cutthroat competition for market share. When the competition goes awry, as it does from time to time, we find ourselves either paying what sellers demand for fuel or doing without. Someone else will buy if we don’t. At such moments we are reminded of just how tough the energy business is and just how powerless governments can be when things get difficult.

The observation that energy production and use are fundamentally economic matters, not technological ones, isn’t trivial, however, as hard-boiled Wall Street types are fond of claiming it is, because it powerfully affects what’s likely to happen in the next century as fossil fuels run out. It implies, in particular, that a miraculous scientific discovery or invention is unlikely to have much influence on events. To do so, it would have to be both brilliant and economically on track, and that is an extremely tall order. Absent extraordinary and unprecedented intervention in the world’s energy pricing machinery, it’s difficult to imagine any future except marching in stages from the cheapest energy source, to the next cheapest, to the next cheapest after that, and so forth as resources deplete, presumably with considerable pricing pain at each transition. There isn’t any way to stop this progression except to pay higher prices for gas, which none of us is willing to do. This is the environmentalist’s nightmare scenario, of course, in that it consumes all the fossil  fuels one by one and ends with coal, the dirtiest of them all. Such is life in the jungle.

The brutality of the energy business is so central to understanding the future and so difficult for most of us to grasp that it’s worthwhile reviewing the history of a specific energy jungle incident in detail, just to get our facts of life straight. There’s a long list of such incidents to choose from: the nineteenth-century consolidation of the oil business,64 the roller-coaster fortunes of shale,65 the intrigues of tar sands,66 great coal strikes,67 and Lady Thatcher’s closing of the pits in Britain.68 The optimal one, however, is arguably the California energy crisis of 2000–2001.69 In addition to being contemporary and important, it’s extremely well documented, thanks to press obsession with the story and some fortunate accidents that occurred as the crisis was unfolding. This enables us to piece together what happened on our own, independent of anyone else’s analysis. It’s also big enough to showcase the full spectrum of jungle behaviors, not just some of them. These include the drive of power generation and distribution industries to maximize profits, the drive of democratically elected governments to take those profits away and distribute them to the people, the drive of both buyers and sellers to manipulate government regulatory law through the political process to benefit themselves, and the struggle of everyone to take the moral high ground in public discourse and to define on their own terms what is right and good, even though what’s actually at stake is money.

The crisis occurred in California, so naturally it had an air of zaniness that belied its seriousness. The 1996 Electric Utility Industry Restructuring Act, the immediate cause of the catastrophe, had been guided through the legislative process by state senator Stephen Peace, the famous creator, writer, and star of the cult film Attack of the Killer Tomatoes.70 Soon after the law went into effect in 1998, signs began to appear that California was about to experience its own attack of killer tomatoes. The demand for electricity began to soar, as did the wholesale price of power. Shortages materialized. The state entered a period of rolling electricity blackouts that lasted a year.71 One of the state’s three major utilities tripled residential power rates. The other two utilities, constrained by law from raising rates, began borrowing billions to buy electricity on the spot market to cover customer demand at a loss. Both eventually went broke. One filed for Chapter 11 bankruptcy.72 The other arranged a $3.3 billion bailout deal with the state. California governor Gray Davis declared a state of emergency and ordered the sale of electric power bonds and purchases of power for the grid by the state water commission, thereby committing $6 billion of state revenues to power supports. He justified these extreme actions  on the grounds that he was defending California against the depredations of evil Texas energy companies.73 He subsequently entered into $42 billion of long-term power delivery contracts with several energy companies (some of them from Texas), which were later criticized as being economically disadvantageous to the state.74 Residential power rates climbed 62 percent. Thanks in part to the latter, he became the first governor of California, and the second governor in the history of the United States, to be recalled from office by popular vote. The voters replaced him with Arnold Schwarzenegger, the famous bodybuilder and star of the Terminator film series.

To be fair, the underlying cause of this problem was a flawed theory emanating from Washington. California simply had the misfortune of being the first state to comply with U.S. Federal Energy Regulatory Commission Order No. 888, a radical electric power restructuring concept that, it turned out, had bugs.75 The most significant of these bugs was a rule forbidding long-term contracts between electricity producers and distributors. States that restructured later learned from California’s mistakes, weakened this rule, and spared themselves most of the headaches.76

The government’s objective in discouraging long-term contracts, thus forcing the various parties to shop at the last minute, had actually been to lower retail electricity prices. This is exactly backward from the way shopping usually works and seems especially incomprehensible given what happened when the plan was executed. It was, however, perfectly logical at the time. The premise of Order 888 had been that long-term prices were too high because the local power utilities were vertically integrated monopolies. If you wanted to lower costs, especially for the big industrial users, you thus had to force the utilities to divest their power generation capability. They would then purchase power for their customers from one of several power providers, who, in turn, would compete with each other in a newly created wholesale market. But you needed to disallow long-term contracts between utilities and providers when you did this, because such contracts would effectively reinstate the vertical integration you were trying to disrupt. Thus, reversal of the no-contract rule in other states that deregulated was a major course correction, not a minor one.

We know a great deal more about the inner workings of the California energy crisis than we might have because of its linkage to a vastly more wonderful and stupendous energy jungle incident, the collapse of the Enron Corporation.77 Enron was a $100 billion multinational energy company specializing in the very things that concerned California—electric power delivery, natural gas delivery, and the building and management of power plants.78  From prosaic beginnings in 1985 it had rocketed to Wall Street superstardom, eventually being ranked by Forbes as America’s most innovative company six years in a row. Whether induced by events in California or the poor performance of Enron stock, a number of people began to question Enron’s opaque accounting practices and the strange fact that no one could figure out how it made money.79 There followed a series of events that led, one year after California declared its state of emergency, to what was then the biggest bankruptcy in U.S. history.

The company’s fall was precipitous and spectacular. Enron’s stock, which had peaked in August 2000 at $90 per share, plummeted by July 2001 to $50 per share. Evidently not everyone was impressed by the company’s claims that its second-quarter profits had increased a breathtaking 40 percent over the previous year’s ($404 million from $289 million), that its electricity sales in North America had doubled, and that its electricity sales in Europe had increased fivefold.80 On August 15 Enron’s chief executive officer unexpectedly announced his resignation after only six months on the job, citing personal reasons.81 On October 16 Enron announced that it would take a $1 billion charge against earnings and declare a loss of $618 million in the third quarter.82 On October 31 the Securities and Exchange Commission opened an investigation into Enron.83 On December 2, Enron filed Chapter 11 bankruptcy.84

Subsequent public scrutiny of Enron’s records in conjunction with its bankruptcy proceedings revealed that the company had, in fact, contributed materially to the California energy crisis.85 California officials had suspected as much during the crisis but had insufficient evidence to do anything except issue loutish threats.86 Many of Enron’s actions had been business-as-usual politics and thus, though distasteful in many people’s eyes, not expressly illegal. For example, Enron head Ken Lay had direct ties to the White House and used them to lobby for two specific actions good for his company but hurtful to California: continued strengthening of Order No. 888 and denial of California’s request for temporary interstate price caps.87 However, other actions had been criminal. In May 2002 documents came to light that revealed Enron energy traders to have actively manipulated prices behind the scenes to exacerbate shortages and create additional arbitrage opportunities for themselves. 88 The precise amount of damage they did to California remains controversial, but the settlement eventually negotiated was $1.53 billion.89

There remains today no completely satisfactory account of exactly how California’s rules led to shortages, how much the shortages were, and where the extra money California paid for power during this period (estimates range as high as $42 billion) went. When the law went into effect in April  1998, the average wholesale price of electricity was about $30 per megawatt-hour (5 cents per kilowatt-hour).90 It stayed there until the crisis began in June 2000, when it abruptly rose to $150. At the time most people attributed the rise to an unhappy coincidence of strong economic growth, inadequate investment in power plants, hot weather, and drought in the Pacific Northwest. However, the price remained high through the fall and peaked at $330 in December 2000, a time when the weather was obviously not hot. It then hovered around $200 through the spring of 2001 and then abruptly fell in June. By September 2001 it was back to $45 per megawatt-hour, where it restabilized. By then California had a surplus of energy and had to sell some outside the state at a loss.91

However, subsequent events revealed that at least some of the shortage had been man-made. As investigations into Enron’s electricity trading abuses proceeded in 2002, the spotlight fell on one Timothy N. Belden, a young, brilliant, and high-ranking officer in Enron’s Portland electricity trading office.92 Mr. Belden was unusually well informed about the electric power grid’s vulnerabilities through his previous academic research career at the Lawrence Berkeley Laboratory, and he used this knowledge to implement scheduling schemes with colorful names like “Death Star,” “Fat Boy,” “Get Shorty,” and “Ricochet.”93 These generated both large profits for Enron and wholesale price increases in California. Mr. Belden and two of his subordinates subsequently admitted these activities and pleaded guilty to conspiracy to commit wire fraud.94 More importantly, the high public profile of their cases spurred the Federal Energy Regulatory Commission to pursue an unusually bare-knuckled investigation of human factors in the crisis. The Commission eventually found that not only Enron, but also nearly all the players in the California energy market, including the utilities themselves, had engaged in complex buying and selling practices that destabilized and increased prices.95 The picture that emerged in 2003 was less a clandestine plot of an evil Texas company than a barroom brawl out of a low-budget Western. The Commission, evidently not amused, negotiated $6.3 billion in “monetary settlements,” which is a polite regulatory way of saying “fines.”96

The saloon in which most this brawling took place was the California Power Exchange (PX), a special energy spot market created by the 1998 law—and subsequently dissolved in January 2001 as an emergency response to the crisis. It had been created with an arcane mix of free-market principles and regulation that was, as it later turned out, almost perfect for honing the skills of young arbitragers. The 1998 law required producers and distributors to submit bids to the PX one day ahead of the proposed delivery date. The PX  was to then formalize the sale at a clearing price, bundle agreements into a balanced (equal load and supply) dispatch plan, and forward this plan to the California Independent Service Operator (ISO) for scrutiny. The ISO, the agency responsible for managing the actual power flow, would then look for overloads at grid bottlenecks. If the submitted plan scheduled more power to flow through one of these bottlenecks than it could handle, the ISO would either call for additional bids so as to reduce traffic over the bottleneck or simply order reduction and compensate the affected parties with a fee. The congestion adjustments would then be bid on the day-of market at the PX just before the power was actually dispatched. As a safety measure against abuse of the congestion relief process, the day-of market price was capped. But the ISO had emergency authority to obtain power from outside the state at the going rate, whatever that was, if the amount of power available fell below the state’s needs.

The undesirable behavior that surfaced first at the PX was price fixing. In its final report on the crisis, the Commission accused nine major power generation companies of initiating the crisis through “economic withholding” and “noncompetitive bidding.”97 It stopped short of claiming that the companies had colluded. It found the companies’ rebuttals unpersuasive and inadequate to explain the dramatic price rises that began in May 2000. As evidence of uncompetitiveness it noted (1) that the spot electricity price had decreased slightly over the summer even as drought and heat conditions were worsening and the cost of natural gas was doubling and (2) the participants had continued to bid vigorously at the price cap as it was lowered over the summer from $750 per megawatt-hour to $500 and then to $250. None of the respondents denied that they had bid their marginal generation capacity way above cost. They only argued that it was their right to do so and that the Commission had thus not demonstrated that their action constituted withholding. The Commission countered that it wasn’t their right to do so because the companies had functionally consented to certain behavior constraints when they chose to bid in the newly created market. It then instructed the companies to show cause why their behavior between May and September 2000 did not constitute a violation of regulations and grounds for disgorgement of unjust profits. There followed a steady stream of orders to return money to California.

The undesirable behavior that surfaced after price fixing was lying to the ISO. After the ISO price cap was reduced to $250 per megawatt-hour, the big utilities began deliberately underbidding their loads. It was a perfectly rational business decision. They had not yet divested all their generating capacity, so  the government had, as a stopgap measure, required them to sell all this capacity into the PX day-ahead market and then buy it back at market rates. But the utilities quickly discovered that the day-of price was often lower than the day-ahead price because the sellers would be approaching a deadline with surpluses they had to unload. Accordingly, they began squeezing the sellers by buying less and less power in the day-ahead market and more and more power in the day-of market, a practice that made them temporarily net energy sellers and burdened the day-of market with enormous volumes of last-minute trading that it wasn’t designed to handle.

The combination of deliberate load misrepresentations and last-minute shopping then caused prices to skyrocket in times of large demand. On days that the amount of power for sale in the day-of market wasn’t adequate to cover buyer demand, the ISO would declare an electricity emergency and allow power to flow in from outside the state to cover the deficit. But this action effectively removed the price cap, because interstate rates, as opposed to California rates, weren’t regulated. Naturally the out-of-state providers who came to the rescue at the last minute charged a fortune, often raising their asking price way above the still-regulated retail electricity price. Doing so presented the utilities with the terrible choice of instituting blackouts or buying power from scalpers and reselling it at a loss.

The undesirable behavior that surfaced after lying to the ISO was megawatt laundering. In times of tight supply in the capped day-of market, a California producer would deliberately sell its power to an out-of-state buyer, thus making supplies even tighter. Then, when the inevitable energy emergency was declared, the out-of-state partner would sell California back its own power at exorbitant uncapped rates.98 Interstate rate caps could have stopped megawatt laundering in its tracks, but the Commission delayed ordering such caps until June 2001, presumably because it didn’t completely understand what was happening. It was national policy at the time to deregulate the electric power industry at the wholesale level, and the Commission was understandably hesitant to contravene this policy.99 The imposition of caps ended the crisis.

The undesirable behavior that surfaced after megawatt laundering was withholding power. With price caps high, as they were at the beginning of the crisis, or evaded, as they were later, it became profitable to worsen shortages by bringing generators down for “maintenance” during times of peak load. The FERC suspected this practice of being widespread and conducted a correspondingly wide investigation, but it found sufficient evidence to levy fines only in one case.100

The undesirable behavior that surfaced after withholding power was scamming the congestion-relief fees. The basic idea here was that companies would schedule extra fictitious traffic over congested bottlenecks and then have the ISO pay them not to send the fictitious traffic. This required some sophistication, because the dispatch had to consist of matched load and generating capacity, both fake. The company also had to make sure that its own fake traffic, not someone else’s real traffic, got canceled. In one of the schemes, the celebrated “Death Star,” the latter was achieved by scheduling power transmission in the opposite direction from the main flow in a congested line. This transmission was then balanced with an equal and opposite one through a line outside the ISO’s jurisdiction. The ISO, unaware that the dispatch was really a giant, meaningless loop, would then cancel it and pay the corresponding fee. Meanwhile no electricity was ever transmitted, and no congestion was ever actually relieved. The “wheel-out” scheme was similar, except that it involved scheduling transmission through a line known to be out of service. The “load shift” strategy required controlling both generating capacity and load on both sides of a bottleneck. The company would send in a dispatch plan with load overstated on one side and understated on the other in the same amount, thus maintaining required global balance but also creating extra fictitious transmission over the bottleneck. It would then bid to remove this transmission, receive a fee, and restore the dispatch to what it should have been in the first place.

Finally, the undesirable behavior that surfaced after scamming the congestion-relief fees was shorting. The ISO required all power delivery to have contractually attached, as a kind of insurance policy, contingency generation and transmission capacity that could be called into service in case of emergency. These so-called ancillary services, sold as a commodity on the spot market, were cheaper on the day-of market, presumably due to everyone’s attempts to unload them before time ran out. A company could thus make money selling ancillary services that it did not actually have in the day-ahead market and then purchasing generation capacity to cover its position the next day. This practice required lying to the ISO, however, because the rules required sellers of ancillary services to identify specific generation capacity.

The ultimate irony of the California energy crisis was that deregulation raised retail power rates rather than lowering them. This was true not only in California, which accepted long-term increases in exchange for restabilizing its market in the summer of 2001, but also in the seventeen other states that deregulated afterward. Such an outcome was perhaps not surprising given that arguments for lowering costs for everyone through restructuring  were always somewhat vague when it came to whose incomes would correspondingly decline and why the people taking the hits wouldn’t mind losing the money. It was, however, a welcome sanity check. The state suffering the most was Texas, which deregulated shortly after California and experienced 60 percent retail price increases between 2002 and 2006. Texas regulators even levied a $210 million fine against the big state utility, TXU, for physical withholding.101 The steady parade of price increases exhausted enthusiasm for restructuring in the United States and eventually halted the implementation of Order 888. One state, Virginia, even re-regulated.

A sobering lesson we learn from incidents of this nature is that saving the earth by reducing carbon burning is, in fact, a very low priority for most people. California’s electricity presently comes almost entirely from the burning of natural gas in turbines. During the crisis, we heard lots of talk about corporate greed, market principles, needs of the elderly, socialist inefficiencies, and so forth, but we heard essentially nothing about generator efficiency, alternate fuels, or slowing global warming by using less electricity—as Californians definitely did during the crisis. Those things were not relevant. We can reasonably expect this to be the case in the future as world energy supplies tighten.

Thus, green energy technologies, which by definition are more expensive than non-green technologies, are inherently problematic. We can’t have energy coexisting at two different prices at any given point in time in the jungle, because clever arbitragers will always exploit, and thus eliminate, any such differences. We can imagine complex taxation arrangements in which industries pay low prices for fuel while ordinary people pay high ones, thus enabling one’s country to go green while its export businesses remain globally competitive, but such arrangements are politically unstable because they’re unfair. The California example shows that even mild cost imbalances can radically alter the course of elections—and political careers.

Unfortunately, every one of us is responsible for this unhappy state of affairs, myself included. Like my dad, I tend to seek the cheapest gas, although not as obsessively, for he was quite over the top when it came to cheap gas. I suffer extreme remorse when I do so and endeavor to ride my bicycle instead of driving whenever I can. But when something important comes up, such as schooling for the kids or getting to a job interview on time, I’ll burn fuel with the best of them and not waste even one second feeling guilty. Billions of my brothers and sisters around the world will be doing the same. We might from time to time reflect on the irony that the short-term benefit to us, the right to buy fuel at the cheapest price, enforces the law of the jungle and  thereby fixes the long-term destiny of fossil fuels, but we won’t do so for very long because it’s not our problem.

Meanwhile, demand for energy will grow, notwithstanding everyone’s wish that we could stop this trend, slow the rat race, and relieve environmental stress on the earth. The reason is that a country’s energy consumption correlates powerfully with its gross domestic product.102 The exact size of this correlation is sensitive for climate diplomacy reasons, and also because energy use and economic activity aren’t measured consistently throughout the world. However, the trend is extremely clear: The ratio of gross domestic product in dollars to energy consumed in joules is about five times the cost of electricity in dollars per joule.103 If you don’t understand math or don’t trust charts and figures, you can just visit different countries and see for yourself. It’s perfectly obvious that rich ones use more fuel than poor ones do. We don’t know whether they use fuel because they’re rich, or they’re rich because they use fuel, but this is in some sense immaterial. Everybody with a clear head in the developing world—which is a great many people—sees this effect and understands that increased energy use means improved life for themselves and their families.
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