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We dedicate this book to everyone who is putting time, intelligence, and care into saving our planet from the ravages of climate change






Introduction

The world is on fire.

The flames are hard to see, because we hide them so well. But you can hear them—in the whine of jet engines as planes streak across the sky, in the rumble of power plants as they send electricity surging over power lines, in the purr of your car engine as you drive to work.

When the American military pushed Saddam Hussein out of Kuwait in 1990, after his ill-advised invasion, his forces set fire to hundreds of oil wells, causing a hellish conflagration. Smoke reached all the way to Europe, and the fires could be seen from the International Space Station, their intensity prompting comparisons to Dante’s Inferno. Ten thousand firefighters and other workers spent nine months putting them out.

Yet at their peak, the Kuwaiti oil fires consumed only 2 percent of the fossil fuels that humans burn every day, all day, year in and out. Imagine fifty sets of Kuwait-sized fires burning around the clock, never stopping, and you get a sense of what humanity is doing to power our industrial civilization.

Every person living in a well-off country contributes to the conflagration. When you and your neighbors turn on your lights at night, a coal- or gas-burning power plant somewhere will likely increase its fuel use—just a smidgen—to supply the electricity. Take a shower, and the natural gas in your water heater will fire up. Drive to work, and the engine in your car will burn the distilled remains of long-dead swamp algae just a few feet in front of your face at the rate of six thousand tiny explosions a minute—nicely muffled, mind you, but there all the same.

The clothes you buy, the warmth you enjoy indoors in the winter, and the coolness in summer—all these comforts are derived from the flames we hide away in chemical factories, power plants, furnaces, and engines. If energy consumption were measured in matchsticks, each American would strike nearly 5 million matches a week. Even in a country like China, much poorer but catching up, the figure would approach 2 million.

Without meaning to, we have been heating up the world, as the gases from all these flames alter our atmosphere, trapping extra energy from the sun. And while many of us find it hard to connect our own activities to this slow-motion emergency, we are starting to feel the consequences in our daily lives: heat waves worse than any in recorded history, rising seas flooding major cities, a runaway increase in wildfires that are burning down homes, polluting the air, and cutting lives short. Polar ice caps are starting to melt, and the once-icy tundra is catching fire. We may be putting the world’s food supply at risk.

Humanity faces a profound moral and practical dilemma: How do we sustain the economic progress that has delivered billions of us from poverty—indeed, how do we extend that progress to those still suffering—while quenching the fires that threaten our only home?

Many people are already trying to help, in their own ways—perhaps by buying a Prius or an electric car, recycling diligently, installing smart thermostats, eating less meat, maybe contributing money to an environmental group. These actions are important, but by themselves they are not enough. The world will not be saved by conscientious green consumers who decide, one family at a time, to drive less or install solar panels on the roof. The problem is just too big for that.

Instead, we all need to become green citizens. We need to focus, together, on a relatively small number of public policies that can, over time, bring about sweeping change. And that requires a coherent plan, one that every concerned citizen, business leader, technical innovator, and politician can understand. With strategic clarity comes power—and, we hope, the will to accelerate the necessary changes and the skill to minimize the associated cost and risk.

The good news is that change has already begun to happen, in pockets across the globe. In Britain, for the first time since the nineteenth century, many weeks go by now without a single lump of coal being burned to generate power. The country that led the world into the Industrial Revolution—and its insatiable hunger for fossil fuels—now seems increasingly determined to lead us out of that dependency.

Sometimes the changes we need are hidden away in closets: In Oregon, thousands of water heaters are getting new digital controls to allow them to compensate for variability in the electrical grid. When electrical demand is high, they hold back their energy appetites; when it is low, they power up and then store that heat until it’s required. This kind of innovation will help match demand on the grid to more variable supplies like wind turbines and solar panels. And nobody has to step into a cold shower.

Sometimes the changes are displayed across hillsides: in North Carolina, solar power has boomed, thanks to decisions by the state government to allow low-cost renewables to compete fairly. Soon, the tides of change will be visible in the sea: in the American Northeast, a huge new industry is gearing up to build wind turbines miles from shore. Changes are appearing in city centers: in Germany, swanky new apartments supply all the climate control their occupants desire using less electricity than a hair dryer. In China, a massive market shift toward electric cars and buses is underway.

In other words, solutions are already at hand, and more are coming. If they can be harnessed at a sufficient scale, neither our living standards nor our economy need be at risk as we transition to clean energy. But we are not moving fast enough to adopt them. An ominous combination of ignorance, inertia, and political mischief is hampering the pace of our energy transition.

At this moment in history, speed is the critical issue. The world’s nations agreed, in a meeting near Paris in 2015, to try to keep the temperature of the planet from rising to catastrophic levels. They set a specific upper limit: a warming of 2 degrees Celsius, or 3.6 degrees Fahrenheit, above the average temperature before the Industrial Revolution. They also set an aspirational goal: to hold the increase to 1.5 degrees Celsius. Those numbers may sound low compared to the swings in temperature we experience day to day, but averaged across an entire planet, they are actually quite large. Unfortunately, the fossil-fuel combustion of centuries past has already heated the Earth by more than 1 degree Celsius, meaning we are already more than halfway to the danger zone. And we are not remotely on track to meet either of the Paris goals. If we blow past them, calamity awaits us on the other side. We are getting a foretaste of what it will be like in the fires already destroying towns in the American West, in the droughts that are drying up our water supplies, in the heat waves that are sending temperatures soaring past 120 degrees Fahrenheit.

Meeting the Paris goals means that the remaining amount of fossil fuel we can burn is limited. To meet the 2C goal, as it is known in shorthand, the era of fossil fuels must come to an end by around 2050—less than thirty years from now. To get on a path toward that target, we need to cut our emissions substantially in just the next decade. But at a global scale, emissions are not falling. They are still rising.

No country is on track to meet these targets, though many—especially in Europe—are trying. President Joseph R. Biden has also set ambitious new goals for the United States, but no matter how much he achieves, the climate crisis will extend far beyond one or two presidential terms. Like other countries, the United States needs to embark on a decades-long course of cutting its emissions. And no matter how much help comes from Washington, much of the work will need to be done by state governments and local communities.

You may have heard the argument that it is already too late to stop the coming disasters. In a sense that’s true: the limit of two degrees Celsius was not picked because it is safe, but because it is doable—if barely. Given the fires, extreme rains, and coastal floods that we are already seeing, a world that has warmed up twice as much as ours is going to be a challenging place to live. Yet in another sense, it is never too late to act: so long as a pound of coal or a barrel of oil remains in the ground, we have agency. We can choose not to burn it, and our efforts will leave a better world. And so, the way we see it, it is not too late to tackle the climate crisis. We still have time to head off the worst damages, to prevent a great deal of human suffering, and to do right by future generations.

We’re heartened by how many people are already doing what they can to help. Yet it can be difficult to know what to do: the problem is so big, and we all feel so small. And so our goal in The Big Fix is to lay out the grassroots political actions you can take that will have the greatest impact, because you do have the ability to make a difference. The problem certainly is enormous, but that just means that every single one of us can tackle a piece of it.

We may be optimists, but we’re not naïve. Our backgrounds have given us a deep appreciation for the technological, economic, and political complexities of our world. Hal trained as a mechanical engineer—thirty years ago he built his own electric car, before you could buy them, and charged it with solar panels—and he has spent decades advising political leaders around the world on how to speed up the transition to clean energy. He knows from experience which policies work and which don’t, and he knows how best to advocate for them. Justin, meanwhile, has had a forty-year career in journalism, including nearly a decade as the lead reporter on climate science for the New York Times. So he understands the power of a well-told story to inspire change.

In this book, we will not dwell on changes we regard as politically impossible. Many economists argue, for instance, that a hefty tax on emissions of greenhouse gases would go a long way toward solving this problem—and it might, if there were any chance of getting it done. But thirty years of efforts to pass modest emissions taxes (far too modest to do the job, really) have yielded nothing in Washington. So we’re not going to suggest you spend your time and money trying to achieve something that history suggests cannot be achieved in the years left to us before we reach 2C. Instead, we’ll focus on the actions that promise to give us all the biggest return for our investment of time and energy.

We’ve structured the book by breaking our economy into seven realms: six are the economic sectors that contribute most substantially to the emissions problem today, and the seventh is the realm of invention, both technical and financial, that can help cut future emissions. To save our climate, we’ll need to make practical advances in each of these seven realms until we’ve brought our emissions down to near zero, and in each chapter we’ll show you how you can exercise influence to steer things in the right direction. Cleaning up the electric grid is the critical first step, because clean electricity can be used to displace dirty fossil fuels in other parts of the economy. We’ll dive into how our society can stop wasting so much energy in buildings and how to cut emissions in our transportation systems. The way we produce food and manage our land needs to change, too, and as people rush from the countryside to urban areas, we’ll need to build cities that are more sustainable. We will cover ways that we can begin cutting the greenhouse gases spewing from factories that produce the goods we all buy. And while many of the changes we need to make are already clear, others are barely visible on the horizon—so in our last chapters, we’ll show you what society needs to do to speed them up. In our book title, we call these “steps,” but we do not mean to imply that they need to happen in a particular order. Society needs to pursue all of them at once.

[image: Image]

Technology will play a large role in the fight to save our climate. But what we really need, even more than new technologies, are better policies to ensure we implement these technologies widely enough to make a difference. You might think that such decisions are made by businesses and governments, with little opportunity for citizen input. But that’s not quite true. When your town decides how strong the local building code will be—and so how much energy new buildings will be allowed to waste, for decades to come—you can bet many local builders ply their influence to try to get the weakest code they can. You, as a citizen, can ply your influence, too. The board in your state that makes the final decisions about what kind of power plants get built is likewise required by law to listen to the public and take its interests into account. And your state’s elected officials have more influence than you might realize about everything from what kind of cars will be sold on the local market to how efficient appliances have to be. It’s dozens of actions like these, carefully chosen and then intensely pursued, that are, collectively, the key to solving the climate crisis. You can think of these decisions being made at various levels of government as, in effect, secret levers that help to determine the way the economy develops. They are secret only in the sense that most citizens do not know about them; one of the core messages of this book is that the time has come to learn.

Is your voice being heard as these decisions are made? That, fundamentally, is what this book is about: how to make the transition from green consumer to green citizen, becoming someone who speaks up and holds your government accountable, ensuring more sustainable choices are made not only for your family but for your town, your state, and the nation. We need to use the tools of democracy to grab those levers and pull them in the direction of a better future.






CHAPTER 1 The Learning Curve


A sturdy workboat called the Alliance cut swiftly through waters a few miles off the English coast, riding the calm seas with ease. In the stern of the ship stood a sprightly fellow named Julian Garnsey, a Briton who was narrating the journey to his passengers. As he spoke, he was peppered with questions by several men representing large Japanese utility companies. Big money, smelling opportunity, had come to see the world’s latest technological boom.

Not so many years earlier, Mr. Garnsey, an engineer, had launched his career building oil platforms in the sea. But he let himself do some hard thinking about the implications of burning oil. Now he builds wind farms in the sea. His company, called RWE Renewables, is in the forefront of a dynamic new industry.

When offshore wind farms started to pop up in European waters in the 1990s, they were derided as a harebrained scheme with little chance of becoming a part of the energy mix. New, specialized boats were needed to pound piles into the seabed. Workers had not been trained in the complex techniques required to install giant machines on the ocean floor; investors were wary, and so demanded high interest rates to make construction loans. The cost of putting turbines into the sea was so crippling that companies demanded huge subsidies from European governments just to install a handful of projects.

Those governments were tempted, nevertheless, by a compelling physical reality. Wind turbines on land had long proven themselves to be a useful way to generate electricity, but the breezes over land could be fickle. Over the ocean, the wind blows harder and it blows more steadily, which meant that offshore turbines could produce more power—if they could withstand the harsh marine environment. The early, costly projects proved the theory, and as the industry scaled up, costs began to fall.

These days, the offshore wind industry has become one of the world’s hotbeds of innovation and ambition. Americans have been touring Europe to see how the technology works; back home, legislatures and governors in the Northeastern United States are ordering up massive offshore wind projects. The Chinese are trying to seize a big share of the turbine market. The Danes, who more or less invented the industry, are fighting to hold on to their market share. The Germans, the French—everybody sees now that this is going to be a vital industry. The latest analyses show, in fact, that it may ultimately be capable of supplying a large fraction of the world’s electrical power. It could turn out to be the most important industry created entirely in Europe since the end of World War II.

How did this happen? The short answer is those falling costs. When European governments first began to commit to offshore wind farms, they ordered their utilities to spend four or five times the prevailing electricity cost to acquire power from this new industry, with the extra cost passed along to electricity customers. But lately, contracts have been signed for wind farms to come online in the early 2020s at costs roughly in line with market prices, meaning that the offshore wind industry has learned to build its projects with little or no need for subsidies.

Offshore wind is just one example of the drastic reductions in the cost of clean-energy technologies happening all over the world. Since 2010, the price of electricity from utility-scale solar farms has fallen almost 90 percent. Onshore wind fell 60 percent in the same time. Advanced batteries, which power electric cars and are increasingly finding a role in balancing fluctuations on the electric grid, fell more than 80 percent. When highly efficient light bulbs made with light-emitting diodes, or LEDs, first came out just over a decade ago, you could easily pay $50 for one; nowadays they sell at Home Depot for $1.24 apiece, a decline of 97 percent.

These technologies are all marching down a slope called a learning curve. As the market for them scales up, they keep getting cheaper. For most of the things you buy, like milk or a haircut, large price declines like these are not the norm. In fact, the day-to-day cost of living generally goes up, not down. Understanding the special economics that applies to certain energy technologies—both those mentioned above and, potentially, to new ones just being invented—is the key to saving the world from the ravages of climate change.

Every clean-energy technology, in its early stages, is costlier than the conventional alternatives. That makes the new ones a hard sell even in rich countries; all the more in the developing countries, like China and India and Indonesia, that will produce most of the world’s future greenhouse emissions. You sometimes see politicians argue for laboratory research as the way out of our emissions dilemma—and we certainly do need more of that. But inventing new technologies is not enough. Any new technology has to become affordable if it is to be used widely. And so we need savvy tactics, including stronger public policies, that will drive these alternative technologies to scale—and make them cheaper in the process.

Any aspiring green citizen needs to understand the purpose of the public policies and private actions we advocate in this book. We are trying to make low-emissions technologies so cheap they become the default choice nearly all the time. The costs need to fall to the point where poor countries striving toward the global middle class can skip fossil fuels and go straight to clean energy. That is our tactical goal: to make clean energy unbeatable in the marketplace, no matter how much political skullduggery the fossil companies might gin up. To understand exactly how to do that, we need to go back in time a bit—to figure out how certain technologies like wind and solar have become cheap over the past century. This historical tour may seem like a digression from the urgent task of advocating change today, but in truth, it’s the template for what we must achieve. We need to take these lessons from the past and apply them to the future.

Julian Garnsey, the engineer from RWE Renewables, has a special way of showing how much things have changed in offshore wind even in just the past decade. As the Alliance plowed through the gray waters off the Essex Coast on a summer’s day in 2019, moving into deeper seas, it entered the edge of a wind farm called Greater Gabbard. Greater Gabbard—built by a predecessor company of RWE and named, like many British wind farms, after a nearby sandbank—was one of the early offshore wind farms for which the British government had effectively guaranteed prices well above the market rate. The boat passed turbine after turbine, most of them motionless, although a few turned lazily as they caught the gentle summer breeze. People who see pictures of offshore wind turbines routinely misjudge their scale; it is easy to do with no trees or buildings on the horizon for contrast. In fact, the machines are as tall as skyscrapers. The Greater Gabbard turbines lined up in rows, like giant soldiers marching through the sea, stretching so far to the north and south that it was impossible to see all 140 of them from the boat at the same time. Yet they are but a fraction of the offshore turbines Britain has built, more than 2,000 of them—and the nation is just getting started.

Soon the vessel crossed an invisible line. It had left Greater Gabbard and entered a new wind park called Galloper, one that Mr. Garnsey and his team finished building in 2018. To the naked eye, nothing looked much different, but in fact the technology had changed markedly in a few years. These turbines were larger than the ones in the neighboring park just to the west. They were taller, the blades were longer, and they could capture more power from the wind—making each turbine capable of producing 75 percent more electricity than the older model. The newer of the two wind parks had only 56 turbines, which were faster and easier to install than the 140 older ones had been. And all of this meant cost savings that showed up in the price of electricity from the new park.

The boat slowed, and gradually approached one of the turbines that Mr. Garnsey’s team had installed in the seabed. The great machine was mounted on a shaft that rose from the sea, the first few feet above the waterline painted yellow as a warning to boats. Up, up, up it soared, as tall as a sixty-story building, terminating in a structure at the top that was the size of a small house. Inside that structure, called a nacelle, the electrical generator was hooked up to a hub in the front. Attached to that hub, in turn, were three long blades capable of catching the wind and turning the generator shaft. The blades were hollow, but made of advanced materials, including fiberglass and carbon fiber, to give them strength enough to withstand a North Sea gale. Mr. Garnsey explained that cables snaking across the seabed were collecting power from the turbines and carrying it to shore. The bodies of the turbines can withstand harsh winds, too, in part because the shafts on which they are mounted are hammered deep into the seafloor. As the boat hovered below the turbine, Mr. Garnsey chatted with his Japanese visitors, potential investors in future projects of this sort.

“The amount of interest you get talking to someone about offshore wind farms is just incredible,” he said a bit later. “They just get fascinated by the engineering. They start asking, ‘Well, we’re in the middle of the sea! How does this thing stand up? How did you drive it into the seabed? How big was the hammer?’ ” The answer to that last question tended to produce gasps: the hammer on this project was the size of a three-story building. You need a big boat to handle that hammer. One of the ways the industry has cut costs is by building its own specialized boats. The construction of a wind park can put a fleet of boats and a thousand people on the water at once. “If you have bad weather one day and nobody can work, that’s a million pounds gone,” Mr. Garnsey said; that sum is equivalent to $1.3 million.

Turbine H6F had caught the breeze and was turning lazily, operating at less than 10 percent of capacity. The low electrical output was not a problem, though: the pleasant summer climate in Britain requires little air-conditioning, and demand on the national grid was minimal. The output from these turbines would be needed most in the winter, when Britons strain the grid to heat their houses. Fortunately, the North Sea winds blow hardest in winter. As he stood under the turbine, Mr. Garnsey pointed out that a single rotation of the blades would produce enough power to run an electric car for thirty miles. In a year, that single turbine would supply enough power for more than six thousand British homes, keeping the lights on, the washing machines running, and the tea kettles humming. The British prime minister, Boris Johnson, recently vowed to keep building wind parks until every household in Britain can be supplied with clean electricity from the sea.

As the boat turned back to shore, Mr. Garnsey began to speak of his next project, Triton Knoll. The turbine size will jump another 50 percent, and the power will again get cheaper. The manufacturers of turbines—companies like Vestas in Denmark and General Electric in the United States—are racing to see how much bigger they can make these machines. Vestas has announced it will build a turbine capable of generating fifteen megawatts of power, twice the size of the massive turbines that were being installed only recently. The blades of the machine will trace a circle so immense that two Airbus A-380s, the largest passenger plane in the sky, could fly through the circle side-by-side—with room left between them for a half dozen American fighter jets.

While Britain has built nearly a third of the world’s offshore turbines, other European countries bordering the sea have also played major roles. The United States has not. It watched as this new industry developed abroad. But the plunging costs have finally awakened American interest. The United States has only seven turbines operating off its coasts now, five in Rhode Island and two at a test site in Virginia. But many new projects have lately gone to bid in the United States.

The earliest attempt at developing an offshore farm in the United States, in Massachusetts, was proposed more than twenty years ago. It was too close to shore and was thwarted by opposition from nearby property owners, but the technology has since developed to the point that turbines can be installed beyond the horizon, making them invisible from people’s beach houses. This technological development has also been a crucial political development. State governments, with federal help, are now aiming to put thousands of wind turbines in the shallow continental shelf off the coast of the Northeastern United States. These states have already planned enough offshore wind to generate as much electricity as five or six nuclear power stations would produce, and the Biden administration has called for multiplying that threefold by 2030. A national commitment to the technology is critical, because it is the federal government that controls the seabed beyond three miles from the coast, and so only it can grant leases to wind-farm operators.

The falling cost rippling through the offshore wind industry—and onshore wind, and solar power, and LED bulbs, and electric cars—may seem like some kind of magic trick. But in reality, certain economic rules are at work, and they are reasonably well understood by specialists. The cost declines in these industries were entirely predictable; indeed, they were predicted, in some cases, decades ago. To understand what is going on with these technologies—and, by extension, what society needs to do to develop and adopt those of the future—we need to go back in time by a century, to the early days of one of the modern world’s defining machines: the airplane.


Wright’s Law

Theodore P. Wright had a head for numbers. He had trained as an architectural engineer, but as a young man, he got pulled into the navy just as the United States was entering World War I. He was immediately put to work on problems involving primitive war planes, then a naval responsibility. Within months he was publishing technical papers and navy manuals stuffed with equations, solving arcane problems of aircraft design and construction while still in his early twenties. He had found his calling, and a newborn American industry had found one of its native geniuses.

At a time when trains dominated long-distance travel, Mr. Wright was one of the first people to envision a passenger airline industry operating on a large scale. He would go on to become a critical figure in helping the United States produce enough airplanes to win World War II, and after the war, he helped bring his early vision to life, serving as the director of the agency that would eventually become the Federal Aviation Administration.

For all those accomplishments, Ted Wright might well be a footnote in history, save for one brilliant insight. Early in his career, he was trying to understand changes in the cost of building airplanes. It was obvious that the costs fell as production scaled up and more and more units were produced, but was there any pattern that made that cost decline understandable or, better yet, predictable? He later wrote that he had found a pattern by the early 1920s, but for a time, the company he worked for, the Curtiss Aeroplane and Motor Company, kept his discovery as a trade secret. All through the 1920s, the company used Mr. Wright’s method as it prepared bids to sell airplanes to the government and other buyers.

“Then, in 1936, I went to Germany and had my eyes opened; saw production of military aircraft in numbers many times the combined output of the United States and the United Kingdom, and very obviously, not intended for national defense, but for aggressive war,” he wrote years later. “I was regretfully forced to accept the fact that the democracies, having already lost the peace that followed the First World War, must, if they were to survive, prepare intensively for the second. Our potential enemies had selected the weapon; their strength was great and time was short.”

Just before he took that trip, perhaps already thinking hard about what the United States would need to do if war came, he decided to spill his company’s secret. The paper he finally published, “Factors Affecting the Cost of Airplanes,” ran in February of 1936 in the journal of a trade organization, the Institute for Aeronautical Sciences. Surely no more than a few hundred people read it at the time. But in the decades since, it has come to be viewed as one of the more important papers in the history of manufacturing.

By the early decades of the twentieth century, industrialists already understood that as they scaled up to make a new product, the cost of building it was likely to fall. The most famous example was Henry Ford and his Model T automobile, the first mass-market car in the United States. When the Ford Motor Co. first brought the car to market in 1909, it built just under eleven thousand of them, and the most popular variant cost $850 apiece. By the peak of the Model T in the mid-1920s, Ford was building nearly 2 million cars a year, and you could buy one for less than $300. As the Industrial Age brought more and more consumer goods to the public, that pattern—an initial scale-up accompanied by a sharp decline in the cost of each unit produced—was seen repeatedly.

A fundamental reason was the principle known as economies of scale, an idea rooted in eighteenth-century economics. Mr. Ford needed a factory and equipment and a minimum number of workers, no matter how many cars he was going to produce in a year. He would incur costs for design and testing and general company administration. As the business scaled up, he could spread these fixed costs over more and more cars; the cost of producing each car would thus be lower. Moreover, as production grew, his workers became faster and more skillful at their jobs. The company kept developing new tools and machinery to cut time and costs. Its most famous innovation was the moving assembly line, an idea Mr. Ford and his team got when they visited the Chicago stockyards. They had watched the way rows of laborers disassembled a carcass rolling by on a hook, each worker slicing off the same part over and over. In essence, Ford and his team turned that disassembly line into an assembly line, using a conveyor belt that enabled each worker to attach the same car part over and over. Monotonous it may have been, but it was fast and efficient, cutting the labor cost of making automobiles even as Mr. Ford offered his workers excellent pay for the era. The improvements at the Ford Motor Company showed up in the lower price of the cars, propelling the Model T to the top of the public’s wish list and launching the age of the automobile.

Here is a simpler way to think about economies of scale: Have you by chance ever tried brewing beer in your basement? It’s a fun hobby, but you probably figured out pretty quickly that you would not be saving any money on beer. You may have spent hundreds of dollars buying a beer capper, a fermenter, tubes, and so on. You might have spread that steep investment cost over, say, a case of beer a month. Most of the time, your pricey new gear probably sat around unused: a wasting asset, in economic terms. Somebody with $200 million invested in a brewery, running day and night to make 100 million bottles a year, is always going to beat you on the cost of producing beer. However delicious your lager might be, economies of scale give that factory owner the advantage on cost.

By the early twentieth century, the idea of economies of scale had become a part of basic economic theory. Ted Wright’s father was an economist, so Ted would certainly have understood it when he tackled the problem of airplane costs. But what he wanted to know was how much costs would decline for a given volume of production. This was a subtle problem, for the answer would depend not just on scale economies but on how much better workers became at their tasks as production ramped up, on engineering tweaks that might make an airplane easier to produce, on lower prices for supplies as the volume scaled up, and potentially a hundred other factors. Yet finding an answer might offer Mr. Wright’s employer, Curtiss Aeroplane, a big advantage in bidding on government orders: if it could predict the fall in costs accurately, it might underbid its competitors.

Mr. Wright finally found his answer on a sheet of graph paper. When he plotted past production increases against the amount of labor it took to build airplanes, he found that every time production doubled, the labor requirement fell by about 20 percent. Workers were learning how to do their jobs more quickly and efficiently, and management kept rejiggering the layout of the factory floor, shortening the distance parts had to travel and improving overall procedures. After three doublings of output, labor costs had fallen by almost half. The amazing thing was the regularity of it. This idea—that costs of factory production will fall by a more or less fixed rate each time total historical production doubles—is now known as Wright’s Law. It has been found to apply not just to labor, but to many aspects of factory production. Here, again, is the classic example: the cost to the public to buy Henry Ford’s Model T automobile.
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Note the numbers across the bottom of the chart showing the rapid increases in production as public demand for the car soared. This chart demonstrates that the Model T displayed a “learning rate” of around 15 percent, shown by the dashed line. That is, every time cumulative production doubled, the costs fell by that much.

Most people have never heard of Wright’s Law, but the idea eventually permeated the business world of the mid-twentieth century. The sloping line you get when you make one of Mr. Wright’s charts is called a learning curve, or sometimes an experience curve—various terms have been used over the years, sometimes with varying definitions, but the basic idea is the same.

In casual speech, people use “learning curve” to mean something that is difficult. One might say, “I studied Russian in college, but it was such a steep learning curve, I never mastered it.” The learning curve associated with Wright’s Law is distinctly different. The line on his graph works more like a child’s slide at a playground: you get on at the top and go down. An article of manufacture that is getting cheaper as production scales up is said to be moving “down the learning curve.”

The idea of the learning curve began to spread through the world of aviation as soon as Mr. Wright published his paper, and the basic principles seemed to be confirmed in a dramatic way by the events of World War II. A struggling outfit in Seattle won a government contract to build the B-17, a heavy bomber better known as the Flying Fortress, to fight the war. The first planes built for wartime use, in 1941, required hundreds of thousands of labor hours and cost the government $242,200 apiece. By late 1944, the labor requirement had been slashed more than 90 percent, the airplane had been improved, and the government was paying $139,254 for each one. That huge improvement was accomplished by a labor force that, by the end of the war, was almost half-women, almost all of them new to factory work. This was not the only example of massive cost declines during the war, but it became one of the most famous. The Flying Fortress dropped more bombs on Nazi Germany than any other plane. Wartime manufacturing prowess turned the Seattle company that made the plane into a household name in the United States: Boeing.

To this day, scholars still study the manufacturing experience of World War II, because it is just about the only way to answer a critical question regarding technological learning rates: Are items really getting cheaper because manufacturing scales up, or is manufacturing scaling up because prices are getting cheaper, leading people to buy more and more of an item? In ordinary times it is nearly impossible to disentangle cause and effect, but World War II clarifies the direction of causality. “We know that Franklin Roosevelt was not buying more airplanes and tanks because they were getting cheaper,” said J. Doyne Farmer, a researcher at the University of Oxford who works on technological learning rates. In other words, an extreme threat to Western civilization—the rise of the Nazi tyranny in Europe—led to a sudden, drastic increase in demand for the matériel of war. As American factories retooled to meet that demand, their costs fell in approximately the way that Mr. Wright’s learning curve predicted they would.

The implication, for modern times, is that any deliberate effort to scale up a new technology might reasonably be expected to lead to falling costs. And remember that what matters for the learning rate is cumulative production, not time. The faster production doubles and doubles again, the faster the costs ought to fall.

After the war, the newly created U.S. Air Force adopted the idea of the learning curve as a fundamental way to understand how production costs might shift over time. It found heavy use during the Cold War as a tool of military procurement. A related idea took hold in the computer industry. Gordon Moore, a cofounder of the Intel Corporation, observed that the number of transistors that could be squeezed onto a computer chip appeared to be doubling every two years, which meant the effective cost of computing power was being cut in half every two years. Researchers have established that Moore’s Law and Wright’s Law are closely related; computer chips are a technology with a learning rate similar to that of many other technologies. But they have proven to be so useful that the production has doubled many, many times, so that the learning rate has led to precipitous price declines.

In the middle decades of the twentieth century, a business school student could not graduate without some exposure to the idea of the learning curve. As a description of what happens in entire industries, it made plenty of sense. But proponents of the idea went overboard when they tried to use it to guide the strategy of individual companies. What people most wanted to do with learning curves was to predict future costs, but it turned out the slope of the line could sometimes shift. In other words, your nice, regular learning curve could drop from 20 percent to 10, or perhaps it might jump from 20 to 40. Worse, running a manufacturing business with a healthy learning rate turned out to be no guarantee that some competitor would not disrupt your business model with an improved product or an entirely new invention. Simply put, the analysis of technological learning rates was no surefire path to success in manufacturing. Moreover, in the service industries that increasingly dominated the economy in the second half of the twentieth century, the idea was of little use. Law firms did not seem to be willing to charge less for pumping out real-estate contracts no matter how many times they did it. By the late 1980s, these seeming imperfections of Wright’s Law had pushed it aside as a workaday tool of business.

But an urgent new problem was moving onto the world’s agenda, and this old idea was about to be put to a new use. To understand the story of clean energy in the late twentieth century, it helps to grasp a corollary of Wright’s Law. If pushing technologies to scale could bring the costs down, then the obverse was true, too: technologies left to languish would never move down the learning curve, meaning they might never become cheap enough for widespread use. Two technologies serve as prime examples: wind turbines and solar panels, both used to generate electricity. For as much excitement as they are causing today, each of those technologies languished for many decades of the twentieth century. That was a fateful mistake, and understanding this is critical to tackling the climate crisis, for it is a mistake society cannot afford to repeat.

Governor Moonbeam

Had you met Dew Oliver in 1926, you might have written him a check. A lot of people did, and came to regret it. He was a charming Texan running around Southern California in a cream-colored Stetson cowboy hat, sporting a walrus mustache and talking up moneymaking schemes. His boldest idea was a plan to capture the wind.

Mr. Oliver, like just about everybody else who passed through the San Gorgonio Pass, was mightily impressed by the winds there. The pass, created by the famed San Andreas Fault, is one of the steepest in the United States, with the mountains on either side rising nearly nine thousand feet above it. Like a lot of mountain passes, it functions as a wind tunnel. As the hot desert air of interior California rises, cooler air from the Pacific Ocean, to the west, rushes through the pass. The story goes that Mr. Oliver realized how strong those winds were when they blew his Stetson off his head.

His scheme was pretty simple, really. He wanted to erect a ten-ton steel funnel to capture the wind, then send it through propellers connected to a 25,000-watt generator. His intent was to sell the electrical power to the nearby budding resort town of Palm Springs. He apparently failed to realize that a local utility had already claimed the town and would not welcome an interloper. But he did get the thing built: by 1927, Mr. Oliver’s wind machine had been erected at a spot a few yards from where Interstate 10 passes today. A huge funnel on the front end was attached to a cylinder seventy-five feet long and twelve feet wide, with propellers inside to drive a secondhand generator Mr. Oliver had scrounged up. But even Mr. Oliver had underestimated the power of the wind: in the early testing, a propeller spun too fast and set the first generator afire. He found a bigger one. Yet the few customers he managed to sign up complained that the power from his machine was erratic. Needing more money to improve his equipment, Mr. Oliver undertook to sell stock to local people, and it seems he may not have been entirely honest with them about the risks of his venture. One suspects the costs got away from him, but whatever the cause, the scheme failed. Mr. Oliver was hauled into court and convicted of selling stocks unlawfully. After a short stint in jail, he fled California, and his machine stood forlorn in the desert for years, eventually to be cut apart for scrap in World War II.

Why would any investor be duped into writing checks for such a crazy plan? Actually, the notion of generating electricity from the wind was a hot idea in the 1920s, and many Americans had read about it, if not seen it working. On thousands of farmsteads that had not yet been connected to the electrical grid, families were eager to gain access to the new medium of the age: radio. This new technology had soared in popularity in the mid-1920s, with five hundred new broadcasters going on the air in a single year, 1923. In the pre-radio era, farmers had gotten along with kerosene lanterns at night and no electrical power, but many now felt they had to get connected to the modern world. For one thing, critical farm news, including daily prices, was now being broadcast on the radio. Startup companies plied the countryside, selling kits that included a small wind turbine connected to a generator, a set of batteries, a radio, and an electric light or two. The devices were called wind chargers, and they were finally rendered obsolete in the 1940s, when one of Franklin D. Roosevelt’s New Deal programs delivered nearly universal access to the power grid. Many decades later, though, the cultural memory of the wind chargers would prove to be important. Deeply conservative people living in the middle of the country, who might have been expected to oppose such newfangled inventions as large commercial wind turbines, remembered hearing about wind chargers from their grandparents. The idea of harvesting the wind, the way you harvested a crop, would strike many of them as a perfectly sensible thing to do.

By the time the wind-charger business collapsed in mid-century, it was clear you could generate significant amounts of electrical power from the wind. A few people had the vision to see how much bigger wind power could become: with extensive support from the Massachusetts Institute of Technology, a large-scale turbine was built in this era to feed electricity into the power grid. The turbine, installed atop a Vermont mountain called Grandpa’s Knob, operated intermittently but successfully for five years, sending power to the Champlain Valley below. The turbine broke near the end of World War II, and since power from the wind was somewhat more costly than power from conventional generators, the local utility decided not to pay for new turbines. Yet a dream had come to life, and it would not die. The most important scientist in American public life of that era, Vannevar Bush—who had been President Franklin Roosevelt’s science advisor during World War II—had kept a close eye on the project.

“The great wind-turbine on a Vermont mountain proved that men could build a practical machine which would synchronously generate electricity in large quantities by means of wind-power,” Dr. Bush wrote in 1946. “It proved also that the cost of electricity so produced is close to that of the more economical conventional means. And hence it proved that at some future time homes may be illuminated and factories may be powered by this new means.”

While Dew Oliver’s project to generate wind power in the desert had come to naught, he had gotten one thing right: he had indeed found one of the best places in the nation to capture the wind. Half a century after his scheme went under, the idea of generating power at commercial scale with wind turbines would be reborn, and the San Gorgonio Pass would be one of the places where it happened. California has two other mountain passes, the Tehachapi in the south-central part of the state, and the Altamont in the north, with similarly windy conditions, and they would also prove important.

As we will discuss in more detail later in the book, the energy crises of the 1970s came as a huge shock to the American people. A country where energy had seemed boundless was suddenly afraid of running out. By the late 1970s, California had a young governor, Jerry Brown, and the United States had a president, Jimmy Carter, who were willing to look beyond fossil fuels for new energy sources. Global warming had yet to become a major issue, but the pollution from fuel-burning had become a big one, and so had the fear of running out of oil.

Mr. Brown, elected governor at the age of thirty-six, was an especially creative thinker. He had spent some of his younger years in a Jesuit seminary, enmeshed in the world of ideas. Soon after Mr. Brown took office in 1975, his imagination was captured by a fat tome published the year before: Energy for Survival: The Alternative to Extinction. The author, Wilson Clark, warned that human society was on an unsustainable path with its rising demand for fossil energy. Aside from pollution and other near-term problems, he warned of “a warming of the Earth that would cause melting of the ice caps and associated natural disasters across the globe.”

Jerry Brown did more than admire Mr. Clark’s book: he drafted the man as his new advisor on energy. The governor’s office became a hothouse of discussion about the future and how California could help to invent it. Looking askance at some of the ideas emanating from the state capitol at Sacramento, a Chicago newspaper columnist named Mike Royko dubbed Mr. Brown “Governor Moonbeam”; the nickname stuck. In 1976, the audacious Mr. Brown ran for president at age thirty-eight, losing the Democratic nomination to Jimmy Carter. They remained political rivals through Mr. Carter’s four years in office, but they were aligned in many ways on energy policy. In the search for energy alternatives, both the state of California and the federal government opened the spigots of government finance. Mr. Carter also signed a federal law requiring that utilities buy power from small generators, including wind farms, if they could beat the generating costs of the big companies. That created a nascent market for renewable energy.

Many of the energy ideas from that era would end badly, including a massive effort to turn coal into liquid fuels, but some of them would come to fruition. Commercial wind power was the most important. The government subsidies and guarantee of a market prompted a mad rush to put up experimental wind turbines in the three mountain passes of California. Nobody repeated Dew Oliver’s idea of a huge funnel; engineers understood by then that the best way to capture the wind was just to stick up blades attached to a generator and let them turn. They did try all sorts of designs, some of them, in retrospect, nearly as crazy as Mr. Oliver’s. Turbines that looked like huge upright eggbeaters were tested, but had a tendency to rip themselves apart. Engineers tried using two blades, and five blades, in multiple sizes perched atop various kinds of towers. More than one dreamer and schemer jumped into the industry, ultimately failing despite the government largesse.

On the far side of the Atlantic Ocean, the same search for alternative energy sources was going on, and for similar reasons: European countries, some of them completely dependent on fuel imports, were shocked by the vulnerabilities that the Arab oil embargo had laid bare. The French locked in on nuclear power as the solution, building dozens of reactors and burying the costs in the state budget. In Denmark, a flat country surrounded by water and whipped by stiff ocean breezes, many people zeroed in on the wind. It would be the Danes who finally built what is often regarded as the first modern wind turbine.

It was not some Danish university or government research program that solved the puzzle, however. What happened was far stranger: a controversial organization called Tvind, a conglomeration of alternative schools and businesses that has sometimes been labeled a cult, designed and built that first big turbine, motivated by an ideological opposition to nuclear power and fossil fuels. With volunteer labor, the group erected a machine as high as a fifteen-story building, with the blades sweeping an area nearly as wide as the machine was tall. The turbine, which went into operation in 1978, had three long blades, the form factor that would ultimately become the global standard. That design had already been shown to work on the American Great Plains, but the Danes scaled the machine up immensely. The project received extensive news coverage, and tens of thousands of Danes flocked to see it out of sheer fascination. So began Denmark’s political commitment to developing wind power.

Ideas flew back and forth between California and Denmark, with the wind developers of California ultimately adopting the three-bladed Danish design, which seemed to offer the best balance between aesthetics and engineering. For a while, Denmark was exporting more turbines to California than it was installing at home. Thousands of turbines had gone up in the California mountain passes by the time Mr. Brown left office and the spigot of government support was turned off. By the standards of later decades these turbines were still primitive, but they proved that a battery of turbines—a wind farm—could supply electrical power in serious quantity.

In retrospect, by the early 1980s, the United States was on its way to developing a major new source of electrical power. But then Ronald Reagan, taking office in 1981, largely ended the national commitment to clean energy, embracing expanded drilling and mining for fossil fuels. A stalwart handful of wind-power companies survived the shakeout and worked to perfect their designs, but in the Reagan era, with the oil crisis over, most Americans were paying little attention to energy security.

Around this time, another technology was starting to take off, too. And its history demonstrates that wind power was not an anomaly, either in its ability to generate large amounts of power or to undergo huge cost reductions.

Just like wind turbines, solar panels had a long prehistory. It had been clear since the nineteenth century that if you exposed certain materials to sunlight, you could generate electrical power. In 1905, Albert Einstein explained what was happening with this “photoelectric effect,” work that would win him a Nobel Prize. Thomas Edison, the famed inventor, rhapsodized in 1910 about capturing the sun as a useful source of electricity. “The scheme of combustion in order to get power makes me sick to think of—it is so wasteful,” Mr. Edison said. Throughout the first half of the twentieth century, scientists tinkered, trying to make a useful solar panel. In 1931, Popular Science Monthly interviewed a German researcher, Bruno Lange, who was working on solar cells. The magazine wrote that “in the not distant future, huge plants will employ thousands of these magic plates to transform sunlight into electric power… that can compete with hydroelectric and steam-driven generators in running factories and lighting homes.” Prescient that claim may have been, but for decades, nobody could make a device that was efficient enough at converting the sunlight that hit it into electricity. That meant any attempt to use solar panels on a large scale would have been prohibitively expensive.

The breakthrough came in 1954 at a venerable American research institution known as Bell Telephone Laboratories, in New Jersey. American Telephone and Telegraph, the national telephone monopoly known as Ma Bell, was then one of the richest corporations in the country, and it funded a lavish laboratory that made some of the seminal technological breakthroughs of the twentieth century. An inventor at Bell Labs named Daryl M. Chapin was working, with two colleagues, on ways to supply backup power to remote telephone switches, potentially for use in areas of Latin America that the power grid did not yet reach. The group turned to solar cells and discovered that a plate of silicon—derived from sand—could, if mixed with tiny amounts of other materials, produce power from sunlight six times as efficiently as any previous cell. Bell Labs held a news conference at which the inventors powered a small Ferris wheel with their new solar panels. A writer for the New York Times declared on the front page of the next morning’s paper that the invention “may mark the beginning of a new era, leading eventually to the realization of one of mankind’s most cherished dreams—the harnessing of the almost limitless energy of the sun for the uses of civilization.”

Just as with wind turbines, the development of solar panels would not happen quickly, and the problem in both cases was the same: nobody had a motivation to take on the costly task of pushing these technologies to scale. Compared to digging up black rocks and burning them, the devices were still an extremely expensive way to produce electricity. In essence, they were stuck at the top of the learning curve, not yet moving down it.

Technologies stuck in that position can sometimes survive by finding niche markets. That is what happened with solar cells: NASA realized early on that they might be an ideal power source for satellites circling the Earth, and in the space program of the 1960s, cost was no object. Gradually, the market expanded as other uses were found. Among the corporations that adopted solar cells early were oil companies, who discovered that they could be coupled with batteries to power navigation lights on offshore oil rigs. In fact, oil companies were some of the earliest big investors in the solar industry. By the 1980s, Japanese calculator companies had taken up the baton, and for years they were the principal commercial makers of solar cells. Seeing potential in this growing industry, utilities and the Japanese government launched a program to get people to put solar panels on their roofs. Late in that decade, a few intrepid Americans began spending large sums to put solar panels on their houses—often, homes that were too remote to connect to the electrical grid. Gradually, from one niche market to the next, solar power began to scale up. Commercial wind turbines also grew slowly in this era, as interest spread beyond Denmark and California to a handful of other countries, including the industrial powerhouse of Germany.

In 1988, a NASA scientist, James E. Hansen, warned Congress about the risks of global warming, drawing extensive news coverage. Over the coming decade, environmental groups began looking for ways to cut high emissions from the electric grid. In theory, nuclear power would have been one way to do it, but costs were escalating and public concern about the safety of nuclear plants was high at the time. What other technologies were available? Wind and solar power were obvious candidates, but their costs were still high.

However, as early as the 1970s, a handful of researchers had noticed that solar panels seemed to be getting cheaper as the market for them scaled up. The charts implied that if environmental advocates could figure out a way to make the market larger, that would drive the costs down further—but nobody wanted to sign up for these new technologies until the cost came down. Mr. Wright had understood this kind of paradox, writing in his famous paper in 1936: “We have the usual circle of relationships wherein price can be reduced most effectively by increasing quantity but wherein quantity production can only be obtained through market possibilities brought about by cheaper prices.”

Not until 1993 did somebody finally make the next leap of logic. A professor at Princeton University, Robert Williams, pointed to the robust 20 percent learning rate for solar panels and suggested a strategy. If public money were used to scale the technology up more rapidly, then the costs should fall more rapidly, too. He proposed a big federal program to achieve this, but as we shall see in the next chapter, what actually happened would turn out to be messier and more complicated than that. It was, nonetheless, a brilliant flash of insight: the learning curve had graduated from being an observation about the way technologies behaved to the centerpiece of an effort to solve one of the world’s greatest problems.

The Big Ask

It was the hottest ticket in London that spring. Only a thousand people were able to squeeze into KOKO, the famous venue in Camden Town that has hosted intimate concerts with musicians like Prince, Lady Gaga, and Oasis. The headliner for the May 1, 2006, gig was Thom Yorke, the superstar lead singer of the band Radiohead, playing with his bandmate Jonny Greenwood.

This was no ordinary concert, though. Its purpose was political, and the organizers were careful to spread some of the tickets around where they might do the most good. Standing in the crowd at KOKO that night, soaking up the vibe, was a rising star of British politics, David Cameron. Mr. Cameron cheered as Messrs. Yorke and Greenwood worked their way through a set list of thirteen Radiohead songs, including one of his all-time favorite tunes, “Fake Plastic Trees.”

That London gig was the first of a string of concerts around the United Kingdom, the pinnacle of a broad public campaign that drew in millions of ordinary Britons, who did much more than go to concerts. They marched. They wrote letters to members of Parliament. They enlisted their neighbors to do the same. The campaign—formally named the Big Ask—was devised by an environmental group, Friends of the Earth, in an attempt to get a serious law through Parliament to battle climate change. Mr. Yorke served as a spokesman throughout the campaign. Asked in an interview why he was doing it, he said, “It’s good to get involved with something that’s positive and constructive, rather than falling into the trap of thinking there’s nothing you can do about climate change.”

The year before the concert, Mr. Cameron had been elected as the young leader of Britain’s Conservative Party, then out of power. He had won the post by promising “to switch a new generation on to Conservative ideas.” Just four months after the concert, he made clear one of the ways he would do that: he stood with the head of Friends of the Earth and announced that the Conservatives would pass legislation on climate change if they got the chance. Mr. Cameron’s announcement started a stampede of other politicians responding to the public’s agitation for action. The Labour Party government, then in power under Tony Blair, hemmed and hawed at first, but ultimately came around. The Climate Change Act, the first law in the world to make solving climate change into national policy, passed Parliament in late 2008. Two years later Mr. Cameron, aged forty-three and riding a wave of public approval for his position on climate change and his support for gay marriage, became the youngest British prime minister since 1812.

All those wind turbines in the North Sea did not get there by chance. Britain had been experimenting with offshore wind for nearly a decade before the Climate Change Act passed Parliament. But the bill led to increasingly robust national targets to cut emissions, especially from electricity production. Since clean electricity would be needed to displace fossil fuels in other sectors, the new Climate Change Committee declared, “radical reductions in emissions in this sector are essential if overall greenhouse gas targets are to be achieved.” British politicians decided that offshore wind was one of the country’s best options for achieving these goals. Successive candidates for the office of prime minister continued to raise the nation’s aspirations, culminating in Boris Johnson’s recent promise to build enough offshore turbines to power every home in Britain. It took years of government support before the offshore wind industry started down the learning curve. But now the industry is able to reward this escalating string of political commitments with falling wholesale power prices.

The United States has not passed any equivalent of the Climate Change Act, unfortunately. But the nation does have a history of helping to scale an important form of clean energy: onshore wind power, the very technology that got an important tryout in the California mountain passes of the 1970s. In the next chapter, we will describe how that happened. Here’s a hint: just as for offshore wind in the United Kingdom, advocates had to use the tools of democracy to get onshore wind to scale.

In this chapter, we have discussed wind turbines and solar panels at length, but not because we believe they are the only solutions to the problem of global warming. In fact, they are only partial solutions. They can help us cut emissions on the electricity grid, but by themselves they will not get us all the way to a clean grid. They have their problems as sources of electrical power, as we will discuss in later chapters. And they do nothing to cut emissions from airplanes, or cargo ships, or the massive emissions from the production of virgin cement and steel. These are all problems that require other technologies.

We hope, instead, that you will see the scale-up of wind and solar power over the past twenty years as a paradigm for how we need to solve the rest of these problems. The theory of the learning curve provides some basic guidelines. For starters, asking what a clean-energy technology costs today is always the wrong question. If the technology is new, it is certain to be expensive compared to technologies that have been around far longer. The real question is: What will that technology cost in five years—or ten, or twenty—if we make a conscious decision to scale it up?

The stark reality is that scaling up a new energy technology requires somebody to pay a high price for it in the early years. If this sounds wrongheaded, remember that the same thing is true of consumer goods. In the 1990s, the market for flat-screen televisions began to scale on its own because everybody who saw one wanted one, and enough people could afford to pay the thousands of dollars that those early models cost. Consumer goods like cell phones and personal computers scaled for the same reason—the early adopters kicked those technologies onto the learning curve, driving down the cost to the point where most Americans could afford them.

What makes energy technologies especially complicated is that they are not governed by consumer demand in quite the same way. When you flip on a light switch, how much time do you spend thinking about how those kilowatt-hours are being generated? The public does not have much direct say in the way we generate electricity—but the government does. In fact, as we’ll discuss in Chapter 2, for most of its history, electricity generation has been under government supervision. Consumers have more say over what kind of cars they buy, but even there, the government exercises enormous control—for instance, by setting efficiency standards that determine what kind of cars are allowed into the market in the first place, as well as exhaust standards to protect our air.

The decision to scale wind turbines and solar panels to the point where they became affordable required action by governments—a combination of carrots, in the form of subsidies, and sticks, in the form of legal requirements for the power mix. The success of those policies is one reason we are optimistic about the potential for change in the electric-power business. But at a global scale, power generation represents only 38 percent of carbon dioxide emissions. We have other immense problems to solve, and that means we must nurse new technologies along until they, too, can make a big contribution.

The rest of this book is about how we can do that. The government, all the way from town councils to Congress, exercises enormous influence over the technologies available in the marketplace. By inserting themselves into the most important of these decisions, ordinary citizens can help to capture the magic of the learning curve.
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