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To S. L. M. and E. K. M.,
 who know who they are.






PREFACE

IN THE AMERICAN DREAM, everyone can own a home and a couple of cars, and we can go wherever we damn well please. There are good jobs for hard workers and open roads for the weekends. We can move both up and around.

All of these things seem enshrined in our interpretation of the Constitution: Yes, this is what it means to have life, liberty, property, and the pursuit of happiness. But really what allows us to have the classic American life is a material constitution, the steel and concrete and energy that power our country’s great machine. This constitution, as life shaping and influential as the one penned by the founding fathers, is what this book addresses.

We’re going to look at solar and wind machines, ways of building houses and developments, failures and successes. The point isn’t to find old solar machines we can use again but instead to understand how our country got built. Just as understanding the Constitution is difficult without knowing something about other nations’ founding documents, we can’t understand the choices we’ve made without understanding how people in the past saw the technological playing field. The detours and off-ramps of our history are important as a record of choices not made, as the shadows of the stars of history. Without them, there’s no “honest” record of how our current infrastructure and technical reality came to be. And without that, figuring out why we have the world we do is hard. Old technologies tell us a lot about how society developed: what forces drove what, who benefited, what was gained, and what was lost.

No other group of people has been more enamored of power and the technology it undergirds. Appreciation for the technological sublime—from the skyscrapers of Manhattan to the rocket launches of Apollo—is not unique to Americans, but boy, do we do it well. For better and for worse.

We Americans have sworn always to be warm, no matter what temperatures provided, and always to see, no matter how much light was reaching us from our local star. We have adopted the machines of energy conversion—automobiles, power plants, trains, water wheels, windmills—with a ferocity that simultaneously frightens and entrances rich and poor countries alike. With increasing speed after the Civil War, we force-fed our economy with immigrants and energy stored in the form of coal, then oil. Cities expanded and grew increasingly networked together. Energy infrastructure extended from sea to shining sea.

Americans can go anywhere they want in cheap cars that move as if pulled by three hundred horses. We use a kilowatt-hour of electricity—equivalent to something like fifteen husky gentlemen’s maximum muscle power—for a few cents. There’s not a person in America who doesn’t benefit from living in an energy-besotted nation.

But the impacts of the energy sources we use have come up against other things that we care about, like the health of our children, the preservation of other kinds of life, and our national credibility. All kinds of energy production have negative impacts, but because they’re all different, picking out which ones are compatible with our other ideals can seem difficult.

The pugilists in the energy wars think they can win by proving their technology is the most inevitable inevitability. We have to go solar, they say. We have to go nuclear, others say. We need to keep burning coal. We need more drilling. We need to use less oil. Growth is the answer. Growth is the problem.

But there will be no magic bullet. We could destroy the things we love. Technology can be, but is not always, the answer. Ideas about nature matter. Attitudes and mistakes and misapprehensions are as much a part of energy history as the heat content of coal. So this book is a book of stories about this country, submitted with hard-won humility I inculcated by seeing how wrong people have been about energy down through the decades.

I selected the microhistories in this book for their connection to the present, not their importance to contemporaries. With a hot field like green technology, the tendency is to become very future focused. Innovators rush into the field to build new stuff—a change is gonna come!  But people do not always succeed in executing even the best-laid plans: Random events have major impacts and people take bad paths. However, simply remembering what actually happened—the sense of historicity (or whatever you might call it)—is what I hope forms the lasting value of this book. If history’s unique contribution is that it can help us understand how imperfect our information is and how viscous cultural norms and physical realities place limits on action, then green technology is a field in desperate need of some historical perspective.

Delve deep enough into events that seem obvious now, like electricity’s win over compressed air as a way of transmitting power over long distances, and you find counterarguments and uncertainty. Likewise, trends that seemed bulletproof during the 1970s energy shocks, like the gradual decrease of large, gas-guzzling cars, were riddled with (unleaded) holes by the rise of the sport utility vehicle.

Conspiracy theories and triumphant narratives seem to make sense in the face of such tremendous complexity: It’s the corporations’ fault—all of it—or the greens killed off nuclear power! Oil sheikhs, utility executives, General Motors, and communist-sympathizing hippies all figure prominently in the mythmaking that surrounds our energy past and present. However, I have rarely found the big movements in energy to hinge on such characters, despite my best attempts to find their fingerprints in my investigations.

This book is about the uncertainties and triumphs of innovation, the mysterious process by which ideas are made into products out there in the world. In a realm in which everyone argues that things must or will happen, the knowledge of our fallibility is what is most important. It’s not in the strengths of our arguments where we can find common ground with others but rather in their weaknesses. Perhaps the less sure we are of the directions we’re taking, the more carefully we’ll step and the more often we’ll stop to ask for directions.
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 Introduction


YOU COULD BE EXCUSED for thinking that there is no history of what we call green technology. If you’re reading Time or watching television or listening to Sarah Palin or Barack Obama, according to them, solar and wind are new, geothermal has barely been tried, and efficiency begins tomorrow. Perhaps some hippies toyed with off-grid living in the ’60s and there was some boondoggle in the Carter administration, but the hippies abandoned their communes in the woods and Carter lost to Reagan, so nothing much happened. Maybe a few windmills once creaked on your great grandfather’s farm, or you’ve heard him tell about how the Tennessee Valley Authority dammed a river with some farm boys (“Just hear their hammers ringing / They’ll build that dam or bust.”). General Motors killed the electric car, too, right?

According to those who do remember a few facts from the past, either we should be whizzing around gleaming clean cities in silent cars powered solely by solar panels and micro-turbines or green tech is an engineering bust that has been given ample opportunity to prosper, but it has only succeeded in failing spectacularly.

There’s almost no institutional memory of what happened before the energy crises of the ’70s, and little of what happened technologically during that time has been documented in any serious way. Far more people know about the Enola Gay or the rise of Disneyland or the demise of the spotted owl than about any solar, wind, wave, water, or geothermal project.

Nonetheless, some remnants of the past endure. In 2007, when I typed the word “solar” into the search box of the American Memory  collection on the Library of Congress Web site, I got one good search result. The link I clicked read, “Death Valley Ranch, Solar Heater, Death Valley Junction vicinity, Inyo county, CA.” Three black-and-white photos and an architectural drawing provided details.

They show a rotting wooden building on a concrete foundation maybe sixty feet long and nine feet wide, taller in the back than the front, so the front surface slopes at a 36-degree angle. It’s covered in copper metal coils that are painted black and snake back and forth. Behind it a tall cylinder, wrapped in felt made from cattle hair and what looks like aluminum foil, rises twenty feet into the air. The entire scene is surrounded by desert—cactus, rock, sand, sky. The caption reads, “The Solar Heater at Death Valley Ranch is a rare surviving example of a solar industry that thrived in Southern California before World War II and before the widespread use of natural gas.”1


Wait, what?

There was a flourishing solar industry in California before World War II? Why did people start using solar heaters? If they worked, why did they stop? (You can read all about it on pages 84–89.)

As my research continued, I found the six million windmills of the prairies, the California wave motor craze of the 1890s, the electric cars of the early 1900s, the solar home boom of mid-century, the world’s first megawatt wind turbine, which went online in 1941, the oil companies’ contribution to photovoltaics, decades-old algal biodiesel programs, and the huge solar farm of the Reagan years.

The history was long and deep, but criminally obscure. It’s understandable ; victors don’t only write the history in military battles. The popular view of technology is that the best one wins. We assume that alternatives did not exist or that, if they did, they were obviously and irreversibly inferior to the options that were chosen.

Recent historians of technology have pounded away at this way of thinking. One of the best, Imperial College of London’s David Edgerton, has a simple remedy for fixing this cognitive blind spot: Forget calling all these human-made objects and systems technology and call them “things” instead. “Thinking about the use of things, rather than of technology, connects us directly with the world we know rather than the strange world in which ‘technology’ lives,” Edgerton wrote in his superb history, The Shock of the Old.2


Furthermore, things don’t have to be radically better to beat out other things. Many technologies persist, even if they aren’t dominant. “The paper-clip is ubiquitous not because it is an earth-shatteringly important technology,” Edgerton pointed out. “There are many ways of holding paper together: pin it, staple it, punch holes and secure it with ‘Treasury tags,’ use Sellotape, put it in a ring-bind or other sort of folder, or bind it into a book. We use paper-clips so much because they are, for many uses, marginally better than the alternatives, and we know this.”3


Another example we’re all familiar with is the ubiquity of Microsoft Word. There are dozens of ways to do word processing. During PCs’ early march into businesses and homes, there were all kinds of software programs for typing, formatting, saving, sending, and printing documents. They all pretty much worked.

Then, Microsoft Office—for a variety of business, not technical reasons—began to gain market share.4 For example, it often came preinstalled on new PCs, which already ran Microsoft-made operating systems. Microsoft competed fiercely and won, but few believe “the best technology” won. Word worked, and Microsoft was a strong force in the market, but it wasn’t as if there were no alternatives.5 Microsoft Word and Excel became the de facto standard for exchanging files between users, thereby also increasing the momentum of their product. Using Microsoft Word simply became easier than completing the series of tiny actions necessary to convert some other word processor’s native output into a file that Microsoft Word could read.

Economists describe this process as “the network effect,” and it’s associated with all kinds of positive feedbacks as success breeds success.6 Historians sometimes call the broader version of this phenomenon “technological momentum.”7 Its effect is to transform a series of marginal choices (“What the hell, maybe I will use Word, not WordPerfect”) into market dominance.

If we run a lot of energy technologies through the paper clip and Microsoft Word filters, we find many of the same patterns. Because energy technologies tend to require a lot of concrete and steel and money, momentum is even more important. A decision made at a particular moment for particular reasons will have repercussions for decades; after all, the Hoover Dam is now almost seventy-five years old.

That’s why the solar hot water heater and the rest of the projects in this book aren’t mere curiosities. They got researched and built for a reason. Some people, at some time, thought they were a viable alternative to the systems in place. We have to go back to that moment when someone picked Word or a gasoline-powered car and ask, Why was that choice made?

Political scientist Langdon Winner faulted a predecessor of green technology, the “small is beautiful” school of appropriate technology, for a “grievous” historical amnesia. “Those active in the field,” he wrote, “were willing to proceed as if history and existing institutional technical realities did not matter.” This book is an attempt to answer the questions that Winner thinks an insurgent technological group has to address if they want to make their revolution:
One ought to be able to discover points at which developments in a given field took an unfortunate turn, points at which the choices produced an undesirable instrumental regime. One could, for example, survey the range of discoveries, inventions, industries, and large-scale systems that have arisen during the past century and notice which paths in modern technology have been selected. One might then attempt to answer such questions as, Why did the developments proceed as they did? Were there any real alternatives? Why weren’t those alternatives selected at the time? How could any such alternatives be reclaimed now?8






The next section delves into the alternative energy technologies that existed over the last century. We’ll find good ideas that were dropped and bad ideas that were probably better forgotten. We’ll see mad inventors trying to navigate the choppy seas of fossil fuel prices, bad luck, dirty dealing, a lack of government support, societal shifts, competing new energy technologies, and a host of other factors. Despite being tossed about, many of them succeeded in creating real alternatives that merely lacked funding and scale, not technical sophistication. The bottom line is that we’ve missed chances to have a cleaner energy system, and if we don’t heed the lessons of the past, we could blow this opportunity, too.

In 1900 people could use the sun to heat the water for a shower. They could drive across New York City in an electric taxicab. Even if these cabs did not work perfectly, they existed before most people even had a single light bulb in their home. In 1945 a person could have purchased a solar house or gone to see the one-megawatt wind turbine. During the 1970s one could have visited the Solar Energy Research Institute and, ten years later, seen the massive solar fields of the Mojave Desert. Green technology has been a viable set of technologies for more than one hundred years but, regardless, supplies little of America’s energy. What happened? What might have been?

Let’s find out.






I.

  The Dream of a More Perfect Power





chapter 1

 Profit, Salvation


EVERY YEAR, THE WORLD’S TECHNO-ELITE gather at the TED Conference in California to talk about the future of everything. The event’s speakers tend to focus on technologies and ideas that are, as they put it, “worth spreading.” They aim to influence. The audience is wealthy and smart, so a good idea presented well can catapult to a very powerful kind of niche fame. So, when famed venture capitalist John Doerr stepped onto the stage in 2007 and cried about global warming, it signaled that something very strange was about to happen to environmentalism in America. “I’m really scared,” he began, waving an index card. “I don’t think we’re going to make it.”

Over the next seventeen minutes, Doerr revealed his own come-to-Jesus moment and heralded the arrival of a potent new pro-technology force in environmentalism. He recounted a dinner he held for a large group, at which the discussion turned to climate change. One by one, the party attendees gave lip service to the problem. Then, it was his daughter’s turn. “Dad, your generation created this problem,” he described the teenager saying. “You better fix it.” And just like that, Doerr says, “everything changed.”

He and his partners at Kleiner Perkins Caufield & Byers, made rich and famous from early investments in Google and Amazon, fanned out across the globe looking for solutions to “fix” global warming. “We may have the political will to do this in the US, but I gotta tell you, we have only one atmosphere, so somehow we’re going to have to find the political will to do this all around the world,” Doerr said. “We’ve got to make  this economic so that all people and all nations make the right outcome the profitable outcome and therefore the likely outcome.”

The machinery that environmentalists had used to secure clean air and water—policies, limits, and laws—would be necessary but not sufficient. Doerr’s solution for climate change would require innovation and infrastructure building on a massive scale; stopping power plants from being built would not be enough. New ones—clean ones—would have to be built.

That such a rollout could occur seems possible, even plausible, to Doerr. He and many of those in the crowd had used personal computer and networking technologies to reshape the world. “I can’t wait to see what we TEDsters do about this crisis,” he said, “and I really, really hope that we multiply all of our energy, all of our talent, and all of our influence to solve this problem.” Choking up, he retreated to a chair, the lone prop on the stage. “Because if we do,” he paused, verklempt again, then concluded, “I can look forward to the conversation I’m going to have with my daughter in twenty years.”

The powerful talk ended as abruptly as it began. On his way off the stage, a man approached and bear hugged him. The clapping, which had begun slowly, grew louder as the crowd realized the presentation was over. People began to stand. Seemingly oblivious to the reception, Doerr walked off the stage into the arms of a woman whom he gave a fierce hug, his face contorting with obvious emotion as the audience settled into the resonant frequency of a standing ovation.1


It was, in the words of fellow venture capitalist and pundit Paul Kedrosky, “one of the strangest moments . . . at an admittedly often strange conference.”2 Either Doerr was a remarkably good actor—certainly a plausible scenario—or he was genuinely, deeply worried about the state of the world.

Perhaps an environmentalist crying over the state of the world would not exactly count as hot news. But John Doerr started his career at Intel and holds master’s degrees in electrical engineering and business, not ecology or political science. He and the venture capital firm he worked for, Kleiner Perkins Caufield & Byers, were the very people who refused to see limits to growth. He was not the guy one expects to cry about the earth on the tech elite’s biggest stage. It was a sign that a new type of movement to save the world was on. In response to the threat of  global warming and the opportunity to take down the Jurassic energy industry, the green banner was pulled from the musty closet of a previous generation’s lexicon and unfurled on a new streamlined boat. Green tech was born.

The prime actors in the green tech movement aren’t activists. Few would advocate protests as a means to solving problems. Instead, their mantra is creative destruction, and their targets are the wildcatters, utilities, power plant makers, and infrastructure maintainers that keep the country’s grid humming and its cars filled with fuel.

Drawing on their experience watching the price of computing power inexorably fall along the path termed Moore’s Law, after the Intel chief who called out the trend, the green technologists are certainly something new on the scene. Their faith that the methods of technology can solve energy problems may be a virtue, or their optimism may be, in Vaclav Smil’s evocative language, “Moore’s Curse.”3 For now, we are able to say for certain that Silicon Valley, with its chapbook of quirks, entered the energy fray in the first decade of the twenty-first century. In 2008 and 2009 venture capital firms doled out $12.5 billion to green-tech startups,4 and they’ve already exerted a powerful influence on the nation’s leaders’ thinking about energy and environmental issues. In fact, John Doerr is now a special economic adviser to the Obama administration.5 Furthermore, in early 2010 Bill Gates gave his own TED talk, calling for low-carbon “energy miracles.”6


The technological base the green technologists are working from has surprisingly deep roots. The basics of the grid-and-oil energy system rounded into place a little more than a century ago. As we’ll see, wave motors, wind turbines, solar power plants, electric cars, and a host of other “alternative” energy ideas had already seen the light of day long before the average American had a single light bulb to fend off the darkness. If we don’t know these histories, it’s because the fossil-fueled economy of the twentieth century had a tendency to pave over alternatives to itself, leaving only curious hints of worlds that might have been.

But Doerr and his venture capital cohorts, such as Ira Ehrenpreis of Technology Partners and Erik Straser of Mohr Davidow Ventures, don’t see the developments of the last century as a bad thing. The globalization of markets, the expansions of economies, the triumph of capitalism over religious, ethnic, and societal resistance—these are what made the  material world we all inhabit. Like most techno-optimists, they believe it’s a much better world than that of 1957 or 1907 or 1807. “I’m a raging capitalist. My job is to make a lot of money,” Doerr told a reporter in 2009. “I’m a technology junkie. I’m also an American. I’m a very lucky kid from St. Louis.”7


Doerr doesn’t want to unmake the industrial world—with all its inequities and problems; rather, he wants to remake it, to sustain it, to grow it. And to make money from it: “Energy is a six trillion dollar business worldwide. It is the mother of all markets,” Doerr told the TED crowd. “Remember that Internet? I’ll tell you what: Green technology—going green—is bigger than the Internet. It could be the biggest economic opportunity of the twenty-first century.”

Doerr’s talk is listed on the TED website under the heading, “John Doerr Sees Salvation and Profit in Greentech.” To the intellectual environmentalists of the 1960s and ’70s, however, Doerr’s notions of nationalism and progress—with a capital P—would have seemed quaint. Herman Daly, a radical economist, who was very prominent in the alternative energy circles of the early 1970s, attacked the very notions of economic growth. “As [another economist] so bluntly put it in defending growth: ‘Growth is a substitute for equality of income. So long as there is growth there is hope, and that makes large income differentials tolerable,’” Daly told a Senate committee in 1973. “We are addicted to growth because we are addicted to large inequalities in income and wealth. What about the poor? Let them eat growth! Better yet, let them feed on the hope of eating growth in the future.”8


Daly ended up being quoted by Amory Lovins, Hazel Henderson, and a host of other less prominent environmental sources. Even in the late 1990s “fourth-wave environmentalist” Leslie Paul Thiele could write in his book Environmentalism for a New Millennium, “Environmentalists often find themselves isolated in their reluctance to join the popular celebration of economic growth.”9


Thus, although the new green technologists don’t fit well into the standard stories of the environmental movement, this book outlines a different set of renewable energy entrepreneurs who were driven by goals much closer to Doerr’s than Daly’s. In fact, perhaps the first green futurist, John Etzler, imagined the machines and society that could form “the utopian origins of economic growth.”10







chapter 2

 The First Green-Technology Futurist


JOHN ETZLER WAS PROBABLY CRAZY, but not so much more than your average futurist. A friend of John Roebling, who built the Brooklyn Bridge, Etzler weaves in and out of history in the first half of the nineteenth century, showing up in odd locales and never quite being in the right place at the right time. We know him best for a slim, cockeyed volume he wrote in the 1830s called The Paradise Within the Reach of All Men, Without Labour, by Powers of Nature and Machinery: An Address to All Intelligent Men. It came with two afterwords addressed to President Andrew Jackson and Congress. Filled with mental sketches for tremendous machines that would harness the wind, waves, and sun for human purposes, the book rests on an insight blooming with Industrial Revolutionary fervor that has been repeated a million times over by solar advocates:1


 



The substance of this book is—1. It is proved that there are powers at the disposal of man, million times greater than all human exertions could effect hitherto. These powers are derived—a. From wind

b. From the tide

c. From the waves of the sea, caused by wind

d. From steam, generated by heat of the sun, by means of concentrating reflectors or burning mirrors of simple contrivance






The sun and wind and waves represented an infinite power. With such incredible energy stores, the sky was, literally, the limit for Etzler’s imagination. Written at a time when oil hadn’t ever powered an engine and coal use was concentrated mostly in England, his rabid enthusiasm led him to imagine, futuristlike, many components of the high-energy society we live in: plastic-based product culture, industrialized food manufacture, apartments with elevators and air conditioning, synthetic fibers, and huge vehicles that would not need rails to go forty miles per hour. Sounds familiar, right?

“Etzler designed not a world to come, but the world that came,” the historian Steven Stoll concluded. Stoll locates Etzler’s peculiar prescience in “his sense that human happiness would be understood as the application of technology to convenience and leisure.”2


With the right energy sources, of course we’d have anything an able mind or a marketing executive could conjure!

Etzler’s thinking was heavily influenced by Georg Wilhelm Friedrich Hegel, the preeminent German philosopher of the day. Hegel believed human history had an arrow, that it was going someplace, that it was progressive. Even better, the world, as directed by the human mind, was slowly being perfected. Karl Marx and Friedrich Engels would then turn this idea into a radical call for revolution. Earlier social reformers, however, usually had smaller dreams: They just wanted better communities that might take some of the edge off the shock of industrialization.

Transplanted to the American soil, these ideas took the form of utopian adventures. Dozens of them sprung up all over the nation, but particularly in what was then thought of as the West: Ohio, Kentucky, and Indiana.3 While wages were rising,4 disturbing things were happening to the people who were paid that money. The average life expectancy of even native-born white American males started to drop around 1800 and did not recover fully until the 1940s. Beginning around 1830 children were, on average, a little shorter than their predecessors, a sign that the extra cash in their pockets was not improving their health and well-being.5 Incredible dislocations were beginning to occur in American society, and many could see that these changes were just the start of a much greater movement.

Anxiously looking over at the industrial towns of Great Britain, Americans saw coal-burning centers like Manchester and London shrouded with a permanent cloud of smoke and soot.6 The working classes of the cities were unhealthy and dying, with their children toiling in factories. Quantitative standard-of-living measures aside, the unique horrors of the British cities of the early industrial period were well known.7 The factories were the world of Oliver Twist and his trembling voice, asking, “Please, sir, I want some more.”8


The American utopias were direct antecedents for Etzler’s ideas. In the year he wrote his book, Etzler spent time at the German-Christian utopianist George Rapp’s community “Economy.” He also hung around New Harmony, Indiana, a thirty thousand–acre township that Rapp had sold to the wealthy British factory reformer Robert Owen. Owen’s experiment, like many others of the time, failed miserably, devolving into petty squabbles in only a few years. Many of these early socialist communes were detailed in 1870 by John Humphrey Noyes, himself a founder of an oddly successful utopia with an open-marriage policy.

Noyes, like Etzler, found the communes’ insistence on working the land both boring and wrong-headed.9 They were back-to-the-landers, not manufacturers. “Almost any kind of a factory would be better than a farm for a Community nursery,” he complained. He mocked the lack of technology on the communes of the day, lamenting that “the saw-mill is the only form of mechanism” often seen. “It is really ludicrous to see how uniformly an old saw-mill turns up in connection with each Association, and how zealously the brethren made much of it; but that is about all they attempted in the line of manufacturing. Land, land, land, was evidently regarded by them as the mother of all gain and comfort,” Noyes complained.10


Etzler agreed. Surveying the social utopian scene of the 1830s, Etzler found something lacking: proper attention to the role of energy. If they wanted to change the world, he contended, the communitarians would need power—and lots of it. Coal did not appeal to him as an energy source, as he saw “industrialism as a vicious energy monopoly. Nothing but the cost of coal dictated that the Many would sweat for wages in factories owned by the Few.”11 Renewable energy, however, fell everywhere on everyone. It was an unlimited, democratic source of power.

In the way that Marx (another Hegelian) believed the proletariat would overthrow the bourgeoisie and remnants of aristocracy, Etzler believed that this energy source would displace fossil fuels and human power. All that was needed was to change the technology that humans used to power their civilization. In other words, change the energy system and we could change the way that men related to each other. Evil would ebb and perfection would rush into the society.

So before industrialization had fully washed up on the shores of America, Etzler had hit upon the pursuit of a more perfect power. The wind and the sun and the waves, Etzler wrote, “are more than sufficient to produce a total revolution of the human race.” All of America could be “changed into one garden, superior to whatever human hands could effect hitherto.”

And for a few decades, a rapidly growing town in New England seemed as if it might prefigure that earthly paradise—or at the very least, a better industrialism.






chapter 3

 The Utopia Commercial


WELCOME TO LOWELL, Massachusetts, 1833—glittering jewel of early American industrialism and home to its largest factories. Imagine it is quitting time—the fourteen-hour day over. Thousands of women spilled out of the factories, walking two at a time with interlinked arms. Their dresses and faces were clean. They wore bonnets and twirled green and blue parasols as they streamed out of red-brick textile mills as big as the White House.

Lowell was a “commercial Utopia,” a vision of industrialization minus most of the bad stuff. The city of spindles was one of the most famous cities of the nineteenth century, and visitors came to see it from far and wide, including Abraham Lincoln, Charles Dickens, Henry David Thoreau, Nathaniel Hawthorne; even Southerners like David Crockett; and a wide array of foreigners. One historian wrote that “They rejoiced in the prospect of a clean, prosperous, virtuous factory life that should stand out splendidly against the grime and poverty of the great cities of England.”1


In an America trying to make sense of what it was becoming, Lowell was a living, breathing model of what the country could be. In the new world, industrialization, nature, and society could live in peace. In just a few decades—overnight at the time—Lowell grew from a few farms into the second-largest city in Massachusetts.

Lowell, like the Erie Canal before it, was not just a massive engineering project. It was also part of an attempt to build a uniquely American “moral machine.”2 Much attention has been given to the employment model at the mills of Lowell. In an effort to avoid the ills of  a permanent working class, young women from the countryside were supposed to cycle through the factories for a few years and then return, more worldly and more wealthy, back home. But waterpower was arguably as integral to the success of Lowell as being a happy place in the American imagination. The lack of smoke and soot was a key element of the place’s appeal. “On approaching Lowell, I looked in vain for the usual indications of a manufacturing town with us, the tall chimneys and the thick volumes of black smoke belched forth by them,” wrote one visitor. “Being supplied with an abundant water power, it consumes but little coal.... On arriving I was at once struck with the cleanly, airy, and comfortable aspect of the town.”3


And one British visitor averred, “There is no steam-power there, and consequently little or no smoke is visible, and every thing wears the appearance of comfort and cleanliness.”4


The utopian feel of the place coupled with the reality that people really still did have to work fourteen-hour days in clanging, loud factories got a young, abolitionist journalist, John Greenleaf Whittier, thinking about a man he’d once known. In Pennsylvania, he’d run into a “small, dusky-browed” German named Etzler who related to Whittier his “plans of hugest mechanism,” whereby humanity would be restored to a kind of Eden.


His whole mental atmosphere was thronged with spectral enginery ; wheel within wheel; plans of hugest mechanism; Brobdignagian steam-engines; Niagaras of water-power; wind-mills with “sail-broad vans,” like those of Satan in chaos.... By the proper application of which every valley was to be exalted and every hill laid low; old forests seized by their shaggy tops and uprooted; old morasses drained; the tropics made cool; the eternal ices melted around the poles; the ocean itself covered with artificial islands, blossoming gardens of the blessed, rocking gently on the bosom of the deep. Give “three hundred thousand dollars and ten years’ time,” and he would undertake to do the work.5




Greenleaf, just a few years later, could not help think: here was that hugest mechanism! A mechanism so large it portended an entirely new  millenium, whether one liked it or not. “A stranger, in view of all this wonderful change, feels himself, as it were, thrust forward into a new century,” he pondered. Peering over the town from a hill, he wondered what Etzler would make of the place.


“Looking down, as I now do, upon these huge brick workshops, I have thought of poor Etzler, and wondered whether he would admit, were he with me, that his mechanical forces have here found their proper employment of millennium making,” Whittier wrote. “Grinding on, each in his iron harness, invisible, yet shaking, by his regulated and repressed power, his huge prison-house from basement to capstone, is it true that the genii of mechanism are really at work here, raising us, by wheel and pulley, steam and waterpower, slowly up that inclined plane from whose top stretches the broad table-land of promise?



A hundred years into that millennium, Americans still haven’t answered the question of whether—or perhaps which—technologies are raising us or lowering us. Are we closer to the promised land or farther away? How would we know it if we got there?

The brilliant fusion of the Scottish planned village, British industrial city, and the American utopian settlement6—the vision of a mechanized, profit-making near-utopia (where the girls were always young) was clearly a popular model for how America should industrialize. Perhaps the historian Caroline Farrar Ware overstated her case when she wrote back in 1931 that “the story of the New England cotton industry is the story of industrialization of America.” Although there were other key events and places, other industries and forms of power, there was no single place that could be said to have had a greater impact in determining what industrialization could be to young America than Lowell.

Consider the alternatives. Small-scale manufacturing in the United States relied almost exclusively on water power through most of the nineteenth century.7 The entrepreneurs and capitalists who would make themselves rich through mass production learned their skills by finding water power and exploiting it. What was new about Lowell was the unprecedented size and scale of its factories.8


The only other place where one might find such grand manufacturing was Pittsburgh, the iron city. Surrounded by rich coal veins, Pittsburgh is the yang to Lowell’s yin. Because it was powered by coal, the city had to run its gas lights during the daytime, as the cloud of smoke and soot that hung over the city blotted out the sun. We don’t have detailed measurements, but the atmospheric pollution around Pittsburgh during that time sounds as bad as any Shanghai horror story today. In fact, Peregrine Prolix, a wry, pseudonymous traveler from the South observed that “If a sheet of white paper lie upon your desk for half an hour you may write on it with your finger’s end through the thin stratum of coal dust that has settled upon it during that interval.”9


Pittsburgh was practically defined by its smokiness and sootiness. “Every body [sic] who has heard of Pittsburg, knows that it is the city of perpetual smoke, and looks as if it were built above the descent to ‘the bottomless pit,’” a female traveler related.10 The black clouds that hung over the city became a trope, a natural character to portray the city’s Faustian bargain with its geology. In the Pittsburgh version of industrialization, dirtiness—not cleanliness—represented virtue, or at least money. “Its manufacturing powers and propensities have been so often described and lauded that we shall say nothing about them except that they fill the people’s pockets with cash and their toiling town with noise and dust and smoke,” Prolix pronounced.11 Another traveler put it even better: “He whose hands are the most sooty, handles the most money, and it is reasonable to infer is the richer man.”12


Conversely, Lowell factory girls went for walks in nature right outside the town, poking around the “rocky nooks along Pawtucket Falls, shaded with hemlocks and white birches.” Along the way, “strange new wild flowers” were there for the taking.13 Meanwhile, Pittsburgh was shrouded in a dark cloud of soot and ash. Its people were suffering, too. By the middle of the century, the American Academy of Arts and Sciences commissioned a report on ventilation and chimney tops, finding that the coal emissions had a deleterious effect on health. “The smoke, unless carried away and diluted in the upper regions of the atmosphere or consumed, is at all times injurious to health,” wrote Morrill Wyman, a future physician to Teddy Roosevelt among others. “When bituminous coal is consumed . . . the black flakes of soot pass off from the chimneys and float in the atmosphere. This matter then falls upon the  roofs of buildings and on everything else that is exposed to it. It enters houses, covers furniture, and soils clothing.”14


Summing up Wyman’s report’s conclusion, a magazine editor wrote that “no one should be suffered to throw smoke or other impurities upon the atmosphere we ‘breathe,’” thus backing Wyman’s questioning of “whether any manufacturer or corporation should be allowed to produce such an amount of evil” as the air pollution was causing.15 Still, at least one Pittsburgh doctor, who perhaps freelanced for cigarette companies in his off-hours, maintained that the soot and smoke “only go throat-deep” and, furthermore, that fire and smoke “correct atmospheric impurities.”16


Compared with Pittsburgh or Manchester, in the early days Lowell was practically Shangri-La. “Nothing appears to be kept secret; every process is shown, and with great cheerfulness,” Davy Crockett wrote of his 1834 experience. “I regret that more of our southern and western men do not go there, as it would help much to do away with their prejudices against these manufactories.”17


Even Ben Brierley, a working-class Manchester writer who did not normally promote factory life, focused on the excellence of the environment for workers and other humans. “There’s a bit o’ comfort, becose we no’ choked wi’ soot, an’ fluss, an’ reech, an’ bad smells, an’ a general thickness o’ air,” he wrote through his dialect character, old Ab.18 Thanks to waterpower, the air was nice, the houses were a clean white, the trees were healthy, and the sky was blue.






chapter 4

 Prescribing for the Globe Itself


LOWELL’S CLEANLINESS did not come without a price, however. The owners of Lowell’s factories, a loosely affiliated group of Yankee businessmen known as the Boston Associates, had to permanently alter the rivers they used for power. Over the decades between the town’s founding and the middle of the century, they built an enormous machine, a system that eventually spread over 103 square miles of waterway. They saw nothing wrong with their use of the river’s water as a commodity for producing power.1 One historian summarized that
realizing that nature could not be depended upon for continuous water power at maximum capacity which was needed for full realization of their productive ability—summer droughts and spring freshlets interfering with that goal—the Boston Associates built a series of canals, trenches, and dams at the very headwaters of the Merrimack.2






The looms and the town were the front end of a much greater system that was directly connected to an entire region’s hydrology, climate, topography, and geology. James B. Francis, head engineer of the Proprietors of Locks and Canals Corporation, built a machine that was one hundred miles long and contained millions of acre-feet of water. Its sole purpose was to supply power to a series of waterwheels at Lowell and the other sites run by the Boston Associates. Far upstream, Lake Winnipesaukee, the largest lake in New Hampshire, acted as a  huge storage battery of potential power that could be tapped to smooth out power flow, particularly in the summer months. When Francis sent a message that he needed more water, several days passed before it arrived in Lowell.3


The enormous contraption had parts, like any other machine, but bigger. They were dams, canals, new turbines, and gates. Some of the most important parts of the machine weren’t mechanical but instead conceptual. The Boston Associates figured out rules for selling a certain volume of water to make its disbursement less likely to generate conflicts among mill owners. They successfully battled adjacent land owners when their new dams flooded the land owners’ property and were aided by a legal system that didn’t know how to deal with problems like fisheries’ collapse caused by alterations to the river.4


Furthermore, the knowledge paid dividends. The new turbines that Francis helped design and test roughly doubled the horsepower that could be extracted from the same amount of falling water, which allowed Lowell and other waterpowered mills to remain competitive with the increasingly steam-powered regions of the country.5


It might have been a wonder of the age, but some, like Henry David Thoreau, didn’t find the damming of the river or the clattering of the machines to count much as progress. Thoreau’s 1849 book about a canoe trip he took ten years before on the Merrimack and Concord rivers impugns the Lowell factories for destroying the fisheries: “Salmon, shad, and alewives were formerly abundant here, and taken in weirs by the Indians,” but changes to the river, especially the factories and their waterworks, had destroyed the continuity of its living systems.6


Thus, Lowell’s cleanliness did not come without ecological consequences. The entire Merrimack river system was transformed into a hydraulic machine for the purpose of making cloth. As a result, fish stocks suffered, particularly sturgeon, when spawning runs were obstructed. Unlike older dams, the new industrial ones were much more difficult for fish to navigate: The split between natural and human uses of the waterway tilted precipitously toward the latter.7 In the 1860s and 1870s the Boston Associates even explicitly took on the responsibility of managing the naturalized system they had created, attempting to replenish the fish stocks of the Merrimack.8 Thoreau would deride humans’ attempts to help the fish along as “phil-anthropy,” emphasizing the  human-centered framework it implied.9 If Thoreau felt the Lowell factories had destroyed nature, what could he possibly have thought of Etzler’s similar, more grandiose plans?

As luck would have it, Ralph Waldo Emerson recommended that Thoreau review an obscure, almost ten-year-old book by an odd German who was bent on transforming the world with renewable energy. Thoreau titled his review of Etzler’s book, “Paradise (To Be) Regained.” In it, Thoreau immediately attacks Etzler’s desire to make the whole country “a garden,” sensing in the man no sense that the “unimproved” world should be respected. Thoreau then asked,
And it becomes the moralist, too, to inquire what man might do to improve and beautify the system; what to make the stars shine more brightly, the sun more cheery and joyous, the moon more placid and content. Could he not heighten the tints of flowers and the melody of birds? Does he perform his duty to the inferior races? Should he not be a god to them?”10






To Thoreau, nature knows best. In comparison, humans are mere dissemblers and bumblers. How could broken people fix nature? In response, contemporary historians Robin Linstromberg and James Ballowe wrote, “The essence of Thoreau’s critique of Etzler’s Utopia was that Etzler put the cart before the horse. Etzler wished to harness nature to man’s work before man had succeeded in harnessing himself.”11


As such, we can see Thoreau laying one of the foundations for the ethic of the environmental movement: It’s people’s relationship to themselves and nature that must change in order to solve environmental problems. Technological fixes are destined to fail because the problem is humans and their social relations; improved means put to unimproved ends yield only mass unimprovement.

In one section, Etzler imagined a proto-food factory in which “one or two persons” cook for the masses with “nothing else to do but to superintend the cookery, and to watch the time of the victuals being done, and then to remove them, with the table and vessels, into the dining-hall, or to the respective private apartments, by a slight motion of the hand at some crank.12” Thoreau mocked him, calling out for humans to use a different crank, the crank that would change human behavior:  “But there is a certain divine energy in every man, but sparingly employed as yet, which may be called the crank within,—the crank after all,—the prime mover in all machinery,—quite indispensable to all work,” he wrote. “Would that we might get our hands on its handle!”13


Thoreau disdained the ideas of progress prevalent in his day. He didn’t think the world was becoming a better place. Nature was being destroyed because humans couldn’t live simple lives but instead reached greedily after things and status. He thought local and small scale, seeing the wonder of creation in just about any natural system. Over time, Thoreau’s philosophy has deeply informed many variants of environmentalism: Conserve, be self-reliant, think local.

Thoreau habitually observed the plants and animals near Concord with scientific rigor. He sought to “know the species of every twig and leaf ” in the area. In particular, he began to study “when plants first blossomed and leafed.” Year after year he ran to “different sides of town and into neighboring towns, often between twenty and thirty miles in a day.” He “often visited a particular plant four or five miles distant, half a dozen times in a fortnight, that I might know exactly when it opened,” he recorded in his journal. Meticulously, he input these observations into a chart from 1852–1858.14


His observations eventually became one of the best records available to phenologists, or contemporary scientists who study seasonal changes. A once sleepy field, in the context of studying climate change it’s taken on new importance because plants are remarkably sensitive to small temperature change. In fact, in 2008 a team of scientists took Thoreau’s record and went out to Concord to see how things had changed. Because 60 percent of the region is protected from development, it formed an excellent case study in how climate change alone could impact a set of flowers.

The results, published in the journals Ecology and the Proceedings of the National Academy of Science were stunning. 15 Although it’s been only 150 years since his stint at Walden Pond, over that time the average temperature around Walden has risen four degrees. This change has altered when the seasons begin and end. The plants that can adjust their flowering cycles easily are surviving, but a bunch of others are dying. The highbush blueberries that Thoreau picked during September at Walden Pond are now flowering twenty-one days earlier than they did  in Thoreau’s day; they are doing fine. Others, however, are not. More than a quarter of the region’s flowers are gone because of climate change, and another 36 percent are in imminent danger of dying out.

All that destruction has been caused by a slight build-up of carbon dioxide in the earth’s atmosphere. There, the carbon dioxide traps more heat from the sun and the planet warms up. Coal plants in China, cars in Caracas, land use changes in Brazil, corn farms in Iowa—all of these things contribute to deranging the atmosphere. A molecule of CO2 released counts equally, no matter if it happens in the middle of the Amazon or in downtown Detroit. The researchers who studied the changes around Concord concluded, “Given that climate-influenced loss of phylodiversity has been so great in Concord, despite 60 percent of the area being well protected or undeveloped since the time of Thoreau, a more global approach to conservation prioritization is necessary to minimize future species loss.”16


Although Thoreau found it silly that Etzler would try to “prescribe for the globe itself,” today there is no other way forward to stave off climate change and the attendant warping of every single local ecosystem, no matter how the locals might care for and coddle it. Here’s what climate change means: The global environment has become an unintentional “garden,” and humans have to manage it. When Thoreau, standing on the banks of the river on which Lowell and industrialism were built, thought about the relationship between other living things and men, he mockingly asked, “Should he not be a god to them?” As if to answer him, longtime environmentalist and mischief maker Stewart Brand’s new manifesto is “We are as gods and HAVE to get good at it.”17


In other words, environmentalism has been forced to go global. There is no retreating to the forest and protecting your patch from mechanized civilization. Environmentalism can’t be a protest movement, a form of societal disobedience for the affluent. Individual nations, let alone people, can’t solve the problem.

If climate scientists are right—and they are within reasonable bounds of uncertainty—the entire world has to start cutting its carbon dioxide emissions within a few years. If peak oil experts are right—and they seem to be within reasonable bounds of uncertainty—we’ll need new clean sources of energy to prevent a worldwide shift to dirty fuels like tar sands and oil shale. We could just ask that the world limit its  energy usage, but who would we beg? To what body could we appeal to prescribe for the world?

It’s this suite of problems—fundamentally ecological but practically political—that led Doerr to tell his audience of technoptimists at the TED conference in 2007 that the climate change goal had to be to “make the right outcome the profitable outcome and therefore the likely outcome.”

Environmentalists have to be able to compete, corporations and all. Moral reform may happen, but that hasn’t stopped carbon emissions from rising. The prescription for the world is, in Google’s corporate formulation, RE < C: renewable energy less expensive than coal. Right or wrong, cheap things win, so clean energy has to get cheaper.

It’s an ugly goal. There’s no poetry to it. It is not based in what Melville, following the German poet Goethe, called “the all feeling” of oneness with nature. It seems like no way at all to be an environmentalist.

But high-tech, low-carbon technologies seem to be the only way to preserve Thoreau’s flowers, even if it means building and maintaining naturalized energy systems like the one that powered Lowell and destroyed the Merrimack’s fish stocks.

In the future, environmentalists may be able to trace the roots of their ideas back as much to Etzler as to Thoreau. Already, Silicon Valley advocates have changed the national debate around energy. The highest levels of the Obama administration regularly echo not just the lines of reasoning that John Doerr employed but sometimes his actual applause lines from the TED talk. The head of the Department of Energy, Steven Chu, is one of the Bay Area crew. He went to the DOE after heading the greenest of the national laboratories, Lawrence Berkeley, which perches in the green hills above the site of the radical protests of the ’60s. While announcing new green-tech grant awards, Chu told an audience at Google that
the transistor made possible modern computers, the Internet, and Silicon Valley. The hybrid strains of wheat and the Green Revolution helped us feed a growing planet. Linking our computers together through the Internet unleashed an Information Age—in no small part because of the great ideas that have come out of Google. We are here today because this place reminds us  that, occasionally, radical innovation can alter the landscape of an entire industry. And we’re here to announce a portfolio of bold new research projects, any one of which could do for energy what Google did for the Internet.18






Compare Charles A. Reich’s diagnosis of the country’s problems in his best-selling book The Greening of America. “What happened to the American people? In a word, powerlessness,” he wrote. “We lost the ability to control our lives or our society because we had placed ourselves excessively under the domination of the market and technology.” 19 Technology could not have been the answer either for Reich or Barry Commoner, another best-selling author who wrote The Poverty of Power. Scale, in itself, was a problem for E. F. Schumacher and followers of his Small Is Beautiful ideas.

However, Steven Chu and his boss, President Barack Obama, are nationalistic, radical, and more than happy to work with—not against—industry. Their vision of the energy future does not incorporate the countercultural version of environmentalism; instead, it is fundamentally pro-market, pro-technology, and pro-American. “This is the nation that has led the world for two centuries in the pursuit of discovery,” Obama told an MIT crowd in a highly publicized energy speech in October 2009. “This is the nation that will lead the clean energy economy of tomorrow, so long as all of us remember what we have achieved in the past and we use that to inspire us to achieve even more in the future.”20


The vision Chu and Obama present is nearly techno-utopian. But is the rush to build a political coalition to combat climate change and convince investors that betting on green will be profitable overwhelming the lessons of economy and respect for the natural world that Thoreau taught? Or will it take a naïve faith in technological progress to save the flowers of Walden Pond? If profit and salvation part ways, which road will John Doerr and his brethren take?

This book aims to provide a kind of memory and conscience for green-tech entrepreneurs and those who will live with their legacy. In tossing out the hoary truisms of mainline environmentalism, let’s not forget the key critiques of global industrialism that environmentalism’s point of view provided.

The world does have limits, a carrying capacity for human beings. Many of them are being reached at breakneck speed.21 And picking a direction in our energy dilemma won’t solve all the social, water, pollution, biodiversity, and land-depletion problems that come with a human population that’s doubled since the year John F. Kennedy was shot.

Political scientist Langdon Winner argues that Americans created one constitution out of the American Revolution and a second out of the infrastructure of the Industrial Revolution. The paper constitution was argued over and debated from first principles: social welfare, justice, liberty, and so forth. “We the People of the United States, in Order to form a more perfect Union,” the Preamble goes, “establish Justice, insure domestic Tranquility, provide for the common defence, promote the general Welfare, and secure the Blessings of Liberty to ourselves and our Posterity, do ordain and establish this Constitution for the United States of America.”

Conversely, our industrial constitution—the one that shapes our material relationships to each other and the environment—has received far less attention and ethical investigation. It has been shaped by politicians, engineers, homebuilders, and investors who only occasionally have thought beyond the narrow profit-making possibilities of a technology. “In the technical realm, we repeatedly enter into a series of social contracts, the terms of which are revealed only after the signing,” Winner wrote. 22


The Obama administration and a host of green-tech proponents call the drive for low-carbon, renewable power nothing less than another industrial revolution. There will be turmoil and unrest and failure in our energy system as we try to rewrite the constitution we signed in concrete and steel more than a hundred years ago and that burst into the sky and out onto the land. This book documents our country’s previous attempts to secure a more perfect power in hopes that future ones will succeed.






 II.

 What Was





chapter 5

 Steam-Powered America


LOWELL AND THE DREAM of problem-free power that it represented faded after the Civil War. In its place, hard-slugging capitalism accelerated. Companies, factories, cities, engines, and farms got bigger. They scaled up. The entire country began to function as a single market, united by railroads, the dominance of the Northeastern economic system, and the resources of the West. Size began to matter and the dimensions of mass production came into being. America’s love affair with technological gigantism got hot and heavy.1


Steam power in a particular form—the Corliss engine—was sweeping the country. A factory could be built anywhere: No longer did a factory need fortuitous geography and hydrology; instead, all it needed was a Corliss engine, a steady supply of coal, and something to make. By the end of the nineteenth century the cheap land, labor, and easy access to the continent’s natural resources turned Western cities like Chicago, Cincinnati, and Detroit into manufacturing powerhouses.2


These cities looked different from those built before railroads and steamboats, and steam engines had been used to eliminate the sense of human scale and distance that had been created in the horsedrawn era. “As trains moved faster, geography seemed to shrink,” historian David Nye wrote of the time:
The space between the new steam cities was annihilated, reduced to a passing panorama behind plate-glass windows. The passenger soon learned that it was impossible to focus on nearby objects as the foreground was reduced to a passing blur.  Railway travel refocused the eye on the distance, and travelers lost touch with the landscape’s sounds, smells, and textures.3






Expectations of power and its possibilities changed, too. If factory owners wanted to use animal or water power to drive a factory, they were limited by the amount of horses they could reasonably keep or the hydrology of their region. Coal from Indiana and Illinois was cheap, so they could burn a lot of it, but steam engines couldn’t transmit power very far. The towns had to be dense. A single steam engine’s energetic output could supply energy to dozens of productive stations in a factory. There were no automobiles. Mass transportation amounted to horse-drawn buses on rails and then, later, trolleys of various types. Because of this, workers and their families had to live pretty close to where they worked; the exurbs would not have made sense.

As such, steam power allowed large Midwestern cities to come into being. Between 1830 and 1870 Chicago grew from fifty people on the shore of a lake to a bustling three hundred thousand–soul metropolis. By the last decade of the century a million people lived in the windy city. No Merrimack River could have provided the power for such massive growth. With the geographical constraints of renewable energy removed, cities could be built where the raw materials of mass production were, these being trees, cattle, water, and iron.4


Stationary steam power was a city thing. Although it allowed factories to get bigger, it didn’t make sense out in the hinterlands of what was still a pretty sparsely populated country west of the Mississippi River and east of San Francisco. A few steam-powered plows started to appear in the country’s great middle, but the centralized distribution networks required in order to get engines, steady fossil fuel supplies, and electricity to rural areas wouldn’t really develop until the rise of long-distance electrical transmission, oil, and automobiles in the twentieth century.5








chapter 6


 The Wind and the West


WHEREAS COAL BOOMED in the cities, in the arid West, energy wasn’t really the limiting factor. What mattered—and still matters—in what was once known as the Great American Desert is water. As steam power scaled up the Middle Western cities, windmills, built and maintained by entrepreneurs and settlers, removed a key barrier to settling the country’s interior.

With a windmill, a family could move to a place where less than twenty inches of rain fell per year so the land was cheap. With some luck and hard work improving the land, perhaps they could sell that farm and buy a nicer one, moving up a notch in the social hierarchy and securing a more permanent existence.

That was the promise of the West, “the frontier!”—as men and women who had never been there heard it whispered in their ears. Some people even told them that the “rain follows the plow,” and as more people moved west, the nice, rainy conditions of the Mississippi valley would go with them.

When their wagons and bodies met the actual arid land west of the hundredth meridian in western Kansas or Nebraska, most of them became more concerned with survival than prosperity. And as a survival tool, almost nothing could beat the light, cheap American adaptation of the old European wind machine. Each windmill not only represented a meager few tenths of a horsepower but also a life insurance policy. “It was the acre or two of ground irrigated by the windmill that enabled the homesteader to hold on when all others had to leave,” wrote Walter Prescott Webb in his grand march across The Great Plains. “It made the  difference between starvation and livelihood.”1 Windmills also enabled the cattle industry to expand significantly. “Until their introduction, a rancher’s grazing was limited by surface water: a cow will not amble more than fifteen miles a day for water,” wind historian Robert Righter noted. “Thousands of square miles were unusuable for livestock-industry purposes.” However, windmills pumping water into scattered stockponds opened up all that rangeland.2


Aside from the stove, the windmill was the most popular personal mechanical power source of the nineteenth century. Without it, the West beyond Wichita and Omaha could not have sustained the people that knit the nation together, however thinly, from sea to shining sea. It’s impossible to know exactly how many windmills flowed into or were built in states like Nebraska and Kansas, but their numbers astounded visitors to the region. One early twentieth-century traveler counted 125 windmills in the small town of Colby, Kansas, alone.3 “The prairie land is fairly alive with them,” the Kansas City Star reported. “The windmill has taken the place of the old town pump, and no western town is complete in its public comforts without a mill supplying water to man and beast by energy of the wind.” As windmills came into greater use, Nebraska’s population jumped from 123,000 to more than 450,000 in the 1870s. Over the same period the Kansan population jumped from 365,000 to almost a million. “[The windmill] was not only a convenience, but a necessity,” Webb wrote. “Without it large areas would long have remained without habitation.”4


The windmill’s stunning success, however, was not a result of technical efficiency. Many of the windmills used during the time period did not convert much of the wind’s energy into power. In fact, expensive models were sometimes worse than those built in the hinterlands by a farmer and his children.5


The eminent historian Nathan Rosenberg argued that it wasn’t strictly horsepower-for-horsepower competition that determined the usability of a power technology but rather a much broader set of factors. 6 Windmills could not have competed with steam engines or water turbines in driving a factory, but that wasn’t their competition. Instead, the windmills were competing against aridity itself—and by drawing on the resources of the underground, the windmills often won. The humans on the plains voted with their labor and their money: More than  six million water-pumping windmills operated in America, one scholar estimates.7
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