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For my father, Timber, who taught me how to drive and dream;


my grandfather Tom, who proved that a life lived for others is the only one worth living;


and my good friend Dan, who taught me how to write a book.





INTRODUCTION


HE HAD gone forty-eight hours without sleep—fiddling with springs, checking control systems. Everything was shaping up nicely, but his friends and business associates—not to speak of his wife—were starting to worry. In fact, they had been worried about the obsessive young inventor for some time. For months, Henry Ford had been coming home from work and toiling late into the night. But the wait was almost over. It was now somewhere between 2 and 4 A.M. on a weekday and Ford was expected at work in a matter of hours. But he would not sleep. Ford was intent to finish the task before him.


Outside his 58 Bagley Avenue workshop, a hypnotic rain varnished the pebbled streets of Detroit. His spouse, Clara, and collaborator James W. Bishop helped where they could. But as the meticulous engineer wrapped up, it suddenly became clear that amidst all the springs and widgets Ford had omitted one highly significant variable: a brick wall. Henry Ford had built the equivalent of a ship in a bottle, for his Quadricycle could not fit through the workshop door.


At that point Ford could have retired to his bed and returned to his machine at a later date. But Ford decided it wasn’t going to happen that way. Instead, he coolly grabbed an axe and began hacking at the door frame, and then the bricks. Blow by blow, Ford demolished a sizable swath of the rented garage. It was as if he was being propelled on by some invisible force immeasurably stronger than the physical barrier before him. In his gut Ford felt a fierce urgency that simply could not be bottled up one more day. He knew there were “barrels of money” to be made from this new invention, and time was wasting.


With the wall gone, Ford turned his attention back to the machine. He covered its air intake to “choke” the engine, James Bishop helped him turn over the crankshaft, and the Quadricycle’s two pistons roared to life. The thirty-two-year-old electrical engineer braced himself in the driver’s seat, shifted the clutch out of neutral, and bolted forward into the dawn of automotive history. While Detroit slept, Henry Ford charged into a race that would transform the city and change the course of mankind.1 It was the first heat in a long series of contests that would relentlessly reform society, shift geopolitics, sow fortunes, and propel the global economy far into the next century and beyond; it was the race to build the car of the future.


At the time, the automotive industry was a speculative footnote in the vast global economy. But that would soon change. The industry was impelled forward by the genius, ambition, and relentless drive of insurgents like Ford. The prize was not just money, power, or glory: it was also a chance to control the fulcrum of innovation. It was a race that would soon be dominated by America’s Ford Motor Company. That ascendency continued well into the decades past World War II. But eventually, contenders from Japan, Germany, and even China would challenge American dominance.


This book is the story of today’s race to build the car of the future and of the heirs to Ford’s legacy. It is about how a Japanese nuclear engineer, a former Audi executive, a South African visionary, and a Dutch chemist rocked the industrial landscape of the twenty-first century. Today automotive manufacturing accounts for almost $3 trillion of economic output—more than the economy of Brazil. And the automobile’s importance to growth, trade, innovation, military technology, and the environment is, for practical purposes, immeasurable. The industry is a point of national pride, a center for manufacturing employment, and an instrument of state power for the world’s most technologically advanced economies—much more so than most people realize.


Now, just as in Ford’s time, the ether is tinged with implacable change. The question is not if, but who and how soon? Empires—both corporate and political—are in a Great Race to build the car of the future. Victory will be found in patents, assembly lines, laboratories, boardrooms, and battery plants. The prize will again be measured in “barrels of money,” but also in mastery over a rapidly expanding share of the international economy—the global market for electric vehicles.



The Great Race


I first became aware of this race seven years ago as I worked with my father on our own invention. In some ways, the parallels to Henry Ford’s early efforts were striking. Like Ford, my father was a lanky polymath with a keen eye for mechanical efficiency—and he always maintained a workshop to prototype his flights of fancy and ambition. Clean energy was his passion. So much so that when I was born, he announced my birth by inscribing LEVI on a Colorado license plate and proclaiming he had discovered a “mother lode” of energy that was characterized by “fully biodegradable wastes” and “short charge times.”


Around 2005, we started work on a radical new internal combustion engine design. We called it the Internally Radiating Impulse Structure—the IRIS Engine. The IRIS Engine was designed to be smaller, more efficient, and more powerful than its competitors, and we dared to believe it presaged the future of the automobile. Within a few decades, we hoped, every automaker in the world would be licensing our super efficient design.


But product development rarely goes according to plan.


One spring day a brake malfunction sent my father’s Dodge Caravan careening off a steep embankment near our home in Colorado. The car’s fuel tank ruptured and before it had even come to rest, the vehicle was engulfed in flames. Doused in gasoline and fire, my father kicked out the windshield, pulled himself through, and rolled away from the wreckage. He had broken bones, but those were survivable. The gasoline burns over 90 percent of his body were another story—and the heat of the blaze had also seared his lungs. Ten days later he died in the burn unit of the University of Colorado Hospital.


My father was gone, but we wanted his dream to live, so at twenty-six years old I became CEO of IRIS Engines Inc. The company desperately needed cash, and I scoured Houston, Boston, New York, and Silicon Valley for investors. By early 2007, I had recruited a new advisory board and prototyped an early version of our design. A friend introduced me to FedEx CEO Fred Smith, who was willing to give us a chance. His conditions were simple: Smith would fund half of the engine’s development if we could convince one of his friends in the auto industry to go along for the other half. It was an offer we couldn’t refuse. Smith even made a personal introduction to Alan Mulally, then CEO of the Ford Motor Company.


One hundred and twelve years after Henry Ford first rode his Quadricycle, I walked into a dark room of Ford’s global headquarters and gave the presentation of my life. When the lights came on, Derrick Kuzak, vice president for global product development, was sitting in front of me. He asked point-blank: “Why should I spend money on this? It’s very clever, but the whole industry is moving toward batteries in the next ten to fifteen years.” Kuzak had more than his share of battle scars from countless cycles of product design and development, and he knew how complex commercializing the IRIS Engine was bound to be. He asked again, “Why should I spend billions and billions developing an entirely new internal combustion engine?”


I rattled off the reasons. But Kuzak seemed unconvinced. In response, he calmly sketched out Ford’s technology road map for the coming decades. It started right there in Dearborn with a turbocharged engine technology called EcoBoost and ended up somewhere in batteryland.


I was stunned.


I had spent the last eighteen months telling people why batteries couldn’t succeed. We thought the industry was in a race for a more efficient internal combustion engine, but now Ford Motor Company—the same Ford Motor Company that had crushed Thomas Edison’s dream of an electric car a hundred years earlier—was telling me that the future was in batteries.


As the going got tough for IRIS Engines, Kuzak’s casual dismissal rang in my ears. “The whole industry is moving toward batteries in the next ten to fifteen years. . . .” Could that be true?


I began to wind down IRIS Engines and became determined to find out for myself. I returned to Johns Hopkins University to write a Ph.D. dissertation on the global auto industry. As I did, I discovered that the science, technology, and policy necessary to create a new transportation system based around electric vehicles (EVs) were overwhelmingly concentrated in three countries—America, China, and Japan. And Kuzak was right; there was indeed enormous momentum on the side of batteries.


I taught myself Japanese, then learned Chinese, and spent years traveling around the United States and Asia interviewing auto executives, scientists, and journalists, touring factories and schmoozing bureaucrats—trying to figure out how much of the EV hype (especially from China) was sustainable.


Before long, I came to understand that the rules of the global automotive industry had changed. This was not merely a race of corporate titans, but of the world’s industrial superpowers seeking to control a pivotal emerging market. Their strategies and machinations were driven by presidents and industrialists, but also by unexpected characters—nuclear scientists, Silicon Valley moguls, and rogue executives. It was, I realized, a new and possibly final season of the Great Race—a race to build the car of the future.



State and Market in the Age of Carbon


In this complex, multifaceted, and global race on the circuit of automotive innovation, the metrics for victory are more than market share, technology, or state power. All these elements come into play, but it is also about reconciling economic growth with social transformation and public goods. History has shown it is a contest in which companies and countries cannot rest on their laurels—for the field is fierce and it is easy to fall behind. While it is indisputable that Henry Ford won the early race for mass commercialization of the automobile, by the latter half of the twentieth century Toyota and Honda were trouncing Ford in successive heats for quality, then fuel efficiency and also emissions. In many senses Japanese cars also won the hearts and minds of the American people.


But today’s race is fundamentally different than what came before, in that it marks a decisive shift away from Henry Ford’s oil-fueled internal combustion engine to something else. The overwhelming odds are that the car of the future will drive on electricity in some form or another, and eventually it will be less car than robot. In other words, it will drive itself. It is a race that will unfold over the course of decades, but the early leaders are already clear. Ultimate victory will hinge on technology, but also a country’s internal politics and its institutional understanding of policy tools and market design. Consistency of purpose and partnership between the public and private sectors will be a hallmark of success. But luck and, perhaps surprisingly, honesty will also have something to do with it.



Rules of the Road


We are on the frontier of an exciting new age. But for America to get there will require a recognition of the powerful potential for symbiosis between market and state. As a young entrepreneur, I had little appreciation for the pivotal role of government in driving innovation within large swaths of the economy. But I soon learned that angel investors, venture capitalists, and corporations are highly attuned to the policy priorities of city hall, the state house, and, not least, Washington, D.C. While entrepreneurs and corporations animate these sectors, governments not only provide the “rules of the road,” they literally and figuratively build the “roads” to drive on.I Often, the process by which these priorities and rules are defined involves campaign promises, messy horse-trading, and well-intentioned (or not) public servants trying to discern the art of the possible. Regardless of how it is made, policy is critical to the success or failure of many—perhaps most—socially transformative innovations. America must embrace this truth if we are to compete in the twenty-first century.


In the nineteenth and twentieth centuries, state intervention was necessary to build infrastructure, secure the oil supply, enable new industries like the railroads, construct and expand the Interstate Highway System, launch satellites, and create and maintain the Internet—among many other things. In the 1940s, it was a massive surge in government spending (on war goods) that jolted the country out of the Great Depression and ushered in a new era of growth. After the war, the most remarkable economic transformations were not in comparatively laissez-faire countries like the United States, but in heavily interventionist countries like Japan, where bureaucrats sought to channel public and private resources toward specific “strategic” sectors. This practice of state intervention was called industrial policy.


Eventually, industrial policy would be treated with a great deal of skepticism, or downright contempt, in America—even as state investments in research, infrastructure, and technology fueled private sector growth. But America’s burgeoning hostility to the concept of state-driven economic development was the exception. Other countries, such as Japan and Germany, embraced the role of the state and used industrial policy to great effect in developing sectors like high-end manufacturing.


This American wariness of industrial policy betrays a certain historical amnesia, but it is not totally irrational. Successfully executing industrial policy is not easy. Experience indicates that state economic planning programs are best overseen by technocrats with a strategic view of the long-term drivers of global trade and economic growth. It is hard to assemble such a cadre of public servants, and even the smartest, most dedicated, and most incorruptible analysts can be surprised or make mistakes. On top of all that, many bureaucracies have a stifling tendency toward conservatism. But in an age of tightening carbon constraints, strategic industrial policy will be critical to America maintaining its innovative edge. Every nation has industrial policy—either explicit or implied. And the real choice is whether to ignore the critical role of the state in the modern economy or seek to apply state power strategically.


Industrial policy can be sweeping or surgical. For instance, in 2008 the U.S. government made a specific policy decision to rescue America’s automotive industry because of its significance to the U.S. employment, technological dynamism, and economic growth. Today, many governments around the world are pursuing sweeping reforms that recognize the inevitability of coping with issues such as water scarcity, air pollution, acute dependence on foreign sources of energy, and global warming in the twenty-first century.


Such strategic programs have an especially important place in sectors that are infrastructure- and regulation-intensive—where it is foreordained that government will play a major role. This includes the world of telecommunications and computing—which have fed off government-funded innovations like touchscreens, GPS, and the Internet. But strategic government support has also been critical in high-tech, capital-intensive manufacturing sectors such as defense, aerospace, energy, and transportation. Within these industries, long-term, patient research and development (R&D), investment, and regulation are critical. Countries that act as strategic practitioners of industrial policy will give their economies an important advantage in the twenty-first century.


In the past, America has been extraordinarily successful at this kind of industrial policy in areas ranging from satellites to semiconductors. For instance, America’s boom in shale gas production, however controversial, is at least partially the outgrowth of government-sponsored research, development, and subsidies targeting the vast reserves of energy locked in U.S. shale basins. Its continued success is the result of a policy consensus in Washington around the importance of maintaining secure access to cheap, abundant energy for American households and businesses.


Today we continue to reap the rewards of these public-private innovations in diverse forms ranging from iPods to cheap electricity. But these are the successes of decades past and America has fallen behind many of its international competitors in its ability to execute strategic economic planning. Our nation’s economic future will be shaped by whether or not we can achieve a more honest political discourse—one that recognizes government’s critical role in promoting growth and socially beneficial innovation. The United States cannot succeed in the Great Race—or myriad other contests—without the support of a strategic and proactive government.



Market Failure and the Man on a Horse


In addition to promoting growth and providing an infrastructure for innovation, government plays another important role in the modern economy: stopping practices that might benefit an individual or firm but harm society as a whole. Balancing this intersection of growth and other social goods is a difficult task.


In a Harvard lecture room, the Austrian economist Joseph Schumpeter once brashly stated that as a youth he “set out to become the greatest lover in Vienna, the greatest horseman in Austria, and the greatest economist in the world.” During a subsequent moment of humility, he conceded that he never quite made it: “Alas,” he lamented, “as a horseman, I was never really first-rate.” There are no definitive reports on Schumpeter’s romantic prowess, but as an economist he certainly left his mark.


One of Schumpeter’s most famous arguments was that a capitalist system “incessantly revolutionizes the economic structure from within, incessantly destroying the old one, incessantly creating a new one.” He wrote that Creative Destruction was “the essential fact about capitalism . . . what capitalism consists in and what every capitalist concern has got to live in.”2 In Schumpeter’s view, the goal of each business concern is to win “entrepreneurial rent” (aka profit), and that process drives innovation.


But Schumpeter himself realized that there were problems with this model. In real markets, social needs are more complex than they are in economic textbooks. So while the market rewards certain forms of innovation, it does not necessarily reward other socially desirable innovations—even the most important ones.


Further, the market does not necessarily punish those who engage in socially destructive activities. Real markets often generate significant collateral damage in the pursuit of profit. When no one is required to pay for such collateral damage (aka “negative externalities”), incentives for innovation do not necessarily align with society’s best interests.3 This is called a market failure, and there are countless examples of such failures throughout history and the global economy. Carbon pollution has sometimes been called the “greatest market failure the world has ever seen.” Today it is clear that carbon-intensive sectors of the modern economy will have to change. They will have to confront this market failure in the twenty-first century. For both corporations and countries that economic reckoning will be fraught with opportunity and peril.



Billions of Cars


Across the globe, electric vehicles will be part of a much larger economic transformation. But how to incentivize this transformation is a puzzle. For buying an electric vehicle does not appreciably reduce the negative externalities experienced by a single automobile purchaser or his family. It may give the driver some level of satisfaction, but an individual doesn’t reap any personal climate dividend. Light-duty vehicles (cars, SUVs, and pickup trucks) account for around 10 percent of total greenhouse gas emissions.4 There are about 1 billion cars in the world today, so each consumer purchasing an EV can theoretically eliminate about one-tenth of a billionth part of global greenhouse gas emissions through her altruistic decision—all while putting up with a shorter range and higher purchase price. In some senses, it’s easy to see why the demand for EVs is limited.


Of course, there are other benefits to driving electric. EVs are much cheaper to fuel—about $1 a gallon equivalent.II They can also have great acceleration and performance. But after a hundred years of investment in Henry Ford’s oil-fueled dream, EVs face high hurdles for consumer adoption.


Manufacturers also lack incentives. Car companies rarely capture the financial returns from socially desirable R&D, which leads to underinvestment in areas like emissions control and fuel economy. So although humanity as a whole would benefit from cleaner or more fuel-efficient vehicles—or a well-executed mass deployment of EVs—the very real social paybacks of clean cars can rarely be claimed by individual companies or consumers.


Like EVs, many socially desirable technologies have been stuck in suspended animation for decades. But these abstract ideas of social benefit and harm are becoming increasingly concrete as the effects of not only land, water, and air pollution, but also climate change begin to impact our daily lives and national economies. Fires are gaining destructive force and hurricanes are getting stronger and pushing farther north. Droughts are getting harsher and flooding more catastrophic. Dependence on the international oil market is costing developed nations trillions of dollars annually and all this is happening with a rising intensity. Because of this, the EV has become unstuck in history. This is what set off the Great Race among nations to build—and dominate the global market for—the electric car of the future.



Organization of Contents


This book is organized into three sections. The first is, for all purposes, the prelude to the Great Race for electrification. It explains the automotive history of the United States, California, Japan, and China and the precursors to the return of the electric car. It starts with the epic story of California’s battle against smog, Japan’s drive to build its own automotive sector—which would eventually overtake Detroit as the world’s leader in exports and technology—China’s return to the global economy after decades of isolation, and the explosive growth in that country’s market for passenger cars.


Part II focuses on the 2000s. It shows how Japan’s industrial titans and economic planners struck out to develop a new market, China’s politicians chased after them, and the United States struggled to maintain its standing amidst the galloping pace of innovation.


Part III covers the 2008–2012 crises that changed the rules of the global economy and could have spelled “game over” for EVs in Japan, China, and the United States. These included the Great Recession, a crisis of the U.S. auto sector, Japan’s nuclear catastrophe, and China’s crisis of competence. The conclusion and afterword describe the progress of the past few years and the emergence of the autonomous vehicle as the industry’s inescapable future.


This is a story filled with surprises, and at the end of it all, there are clear winners, losers, and kingmakers. It speaks not only to the transformation of the auto industry, but to the fundamental nature of the global economy. It is about hard truths, tenacious visionaries, and unreasonable men (and women); it is about who we are as a people and why and how we seek to drive innovation. It is a breakneck rally through the hairpin turns of the social, political, scientific, and economic landscape of three countries that are desperately striving to harness the power of change and lead the industrial future.





I. In fact, France was one of the first centers of automotive development precisely because of the quality of its state-sponsored roads and engineering schools.


II. Based on mileage (see the U.S. Department of Energy’s eGallon for additional information).





Part I


Keeping Pace






1


The New Emperor and Wan Gang’s Eco-Wonderland


IT WAS something between a cotillion ball and a ritual war dance. Like the Beijing Olympics two years earlier, the Shanghai World Expo was a coming-out party for China’s communist leadership. Over the summer of 2010, 72 million visitors flooded the Expo. The government spent more than $4 billion preparing for the fair—not including new rail lines, roads, landscaping, and other improvements to the city.


China’s pavilion was a massive crown-shaped pagoda, which cost over $200 million to build and was packed with cultural treasures. The building loomed like a sovereign over the Expo’s international guests, and countries from around the world paid tribute in diverse currencies. The Swiss built a chairlift that suspended visitors on an aerial journey over Shanghai’s sprawling metropolis, and in the Expo’s French quarter priceless Impressionist paintings hung on display. Elsewhere, corporate sponsors showcased the future of clean energy and “K-pop” megastars squealed, crooned, and gyrated for the new emperor.


To anyone with the faintest sense of context, the Chinese government was sending a clear message: the Middle Kingdom was rising; it was to be respected and shown deference; it was building a new world order and a sustainable empire.


The Expo also represented a significant symbolic victory for one man, an engineer named Wan Gang, China’s enigmatic minister of science and technology. The entire fairground was a canvas for his life’s masterwork: securing Chinese dominance in the global auto industry. China was about to become the world’s largest auto market, and Wan Gang’s obsession was to make its national champions internationally competitive.


Over the preceding decade Wan had enjoyed an improbable rise to power. Rather than joining the Communist Youth League as a young man or ascending the ranks through family connections, Wan had left China to study engineering in Germany, and made a career as an executive with Audi. After returning he had penetrated China’s highest circles on the strength of his conviction that one day soon China could lead the industrial future. China, said Wan, could dominate the twenty-first-century market for electric vehicles (EVs). All this would have been impressive in its own right, but the fact that Wan was not even a member of the Chinese Communist Party made it truly exceptional.


Behind Wan’s enigmatic smile—and he almost always seemed to be smiling—was an iron determination to break a century of dependence on foreign oil and Western technology. The ultimate goal was to leapfrog over Japan and the United States so that the world’s big markets for automobiles would import cars and factories from China rather than the other way around. To a nation just emerging from a self-declared “century of humiliation,” the prospect was irresistible. The 2010 Expo was a powerful declaration of intent: China was in the race, and they intended to win.


Against this backdrop, the EV quickly became a national hero—and a focal point of China’s technology ambitions. The Shanghai Expo was the culmination of a decade of engineering and imagineering under Wan’s research program at Shanghai’s Tongji University. Two years earlier, Tongji’s Beijing rival, Qinghua, had led a similar effort for the Olympics. But the demonstration in Shanghai was more than twice as big and vastly more complex. There were electric cars, fuel cell–powered buggies, and buses that ran on fast-charging “ultracapacitors.” Almost all of these were pre-commercial—meaning they were more science project than store shelf product. But for now, China did not need to work out the messy details of building the industry—the consumer technology, economics, and business plans that would help it grow. Wan Gang and the others seemed to believe that with enough money and political pressure, those would come. What China needed for the Expo was a declaration of its ultimate potential—a road map and a compelling story.


General Motors and the Shanghai Automotive Industrial Corporation (SAIC, GM’s Chinese partner) were responsible for exploring the farthest reaches of this futuristic vision. As the country’s largest automakers and prominent corporate citizens of the host city they were under intense pressure to perform. They delivered. The pair presented an ornate, dizzying, transformational spectacle. China’s future cars would be smaller, smarter, faster, cleaner, safer, and sexier than anything that had previously existed.


Inside the SAIC-GM pavilion was the show to top all others. Visitors strapped into five-point harnesses as an IMAX-sized movie with computer-generated imagery flew them through a bright, crisp virtual reality. Electric pods raced through the streets at breakneck speeds. Stoplights, traffic jams, and even drivers were gone. By 2030, GM and SAIC promised, China would be animated by a living network of safe, efficient, zero-emission vehicles in constant communication with each other and the environment.


In this bold new world, a blind girl could race through the canyons of Shanghai in perfect comfort and safety, secure in her personal mobility pod. Rather than drive to work, the conductor of Shanghai’s symphony reviewed his scores and made last-minute preparations for the day’s performance. A pregnant mother made it to the hospital just in time thanks to a speedy autonomous ambulance. This was a machine as big as a city and intricate as a Swiss watch. After the ride, a curtain rose to reveal real-life EVs—which looked exactly like those onscreen—wheeling autonomously around the building. It was quite a spectacle.


For Expo attendees, this vision of 2030 was tantalizingly real—at least until they reemerged into the exhaust-laden smog swamps of Shanghai. Inside, skies were blue and the air was fresh. Futuristic robots rocketed silently down highways lined by space-age wind turbines. But outside, the air was chewy with soot and skies were gray. The phalanx of electric cars and buses commissioned for the Expo stopped at a chain-linked frontier demarcating the boundaries of Wan Gang’s eco-wonderland and China 2010. Real life meant navigating manic waves of oil-burning SAICs, VWs, Audis, and Buicks. Indeed, the 100 million automobiles on China’s roads had become a distinctly mixed blessing. China’s megacities were stifled by putrid smog and gridlocked.


No doubt, this is why in 2009 China’s government announced ambitious plans to leapfrog the West in developing and deploying electric vehicles. In two short years, Wan Gang promised that China would deploy 500,000 domestically produced EVs.


But even in 2010, there were signs that this vision was faltering. Few analysts were ready to say that the emperor—or perhaps the debutante—had no clothes. But half a decade later, the contours of this failure were stark. Despite an intense government push to electrify China’s cars, the country’s industrial giants had fallen far short. China was the largest automobile market in the world, but its domestic EVs were a blush-inducing afterthought. China, with its double-digit economic growth rates, its 1.3 billion brains, and its $3.4 trillion in U.S. foreign exchange reserves, had aimed to “leapfrog” into the vanguard of automotive technology and dominate the race to build the electric car of the future. Instead, it struggled to keep pace.



Leapfrogging Leviathans


Part of the allure of leapfrogging was the difficulty of simply catching up. The complexity of today’s auto industry should not be underestimated. The modern automobile is one of the most sophisticated pieces of technology in the world. At the turn of the twentieth century, motorized cars were a novelty—they were finicky, dangerous, and there was a reasonable argument that the horse was a better piece of hardware. But within a decade or two this had changed. After World War II, the level of industrial specialization required to integrate ever more advanced automotive systems grew exponentially. The British futurist Arthur C. Clarke once famously wrote that “any sufficiently advanced technology is indistinguishable from magic.” And by the beginning of the twenty-first century, the complexity of an automobile had far outstripped the understanding of the common man.


Making an automobile that was strong, safe, durable, clean, and efficient enough to be globally competitive required legions of engineers, physicists, specialists in areas like fluid dynamics, harmonics, kinematics, materials science, and an increasingly large number of electrical engineers and computer scientists. A typical car had around 30,000 individual parts, and computing specialists were involved in everything from writing the software for the car’s new onboard computers, to building robots for factory automation, to honing the advanced computer-assisted design (CAD) tools that took the painstaking job of component design out of the physical hands of draftsmen and moved it onto digital screens. About 40 percent of the cost of a luxury vehicle was for electronics, computers, and software. A billion dollars might be spent on writing code before a single car left the factory floor.1


Building a modern automobile required ever-greater levels of precision. Sizing for pieces like fuel injectors and various control mechanisms had to be calibrated to the level of microns—about one-fiftieth the diameter of a human hair. What’s more, all these precision elements had to be designed to withstand enormous abuse, and integrated seamlessly into a package that could be shaken, rattled, crashed, frozen, and scalded for decades at a time over hundreds of thousands of miles. If one of these systems failed, the result could be fatal.


Although China had sent millions of students to the United States and flooded the American academy with aspiring engineers, programmers, and scientists, the country’s leadership knew it might take decades to reach global standards. Anyway, that race was already decided. Why try to redo the past? Why not instead spend that effort on the car of the future—an electric vehicle?


The “leapfrog narrative” was powerful, sensual, and compelling. But it was also hollow—like the futuristic concept cars often displayed at auto shows. Underneath a Ferrari exterior, it had no guts.


Today, China is the world’s auto behemoth. But it still lacks the expertise to be an industrial superpower. It is losing the technology race to smaller, better-organized, and more nimble rivals. Japan and America lead the world in developing the cars of tomorrow—a new generation of electric and autonomous vehicles. But that is only half the story, because China is not really losing to Washington or Tokyo. It is losing to tiny groups of strategically minded technologists and regulators in Sacramento and Kanagawa. In California—a state whose entire population is smaller than commonly accepted rounding errors for China’s citizenry—a clutch of indefatigable policy activists and techies have spent two decades grappling with Detroit, trying to force this revolution. And their efforts are finally paying off. In 2012, Tesla Motors’ Model S—conceived and built in California by the pugnacious visionary Elon Musk—was anointed “car of the year” by Motor Trend magazine. Consumer Reports called the “S” the best car it had ever driven. The all-American Chevy Volt was similarly acclaimed as Consumer Reports’ highest consumer satisfaction vehicle and repeatedly topped J. D. Power’s consumer appeal survey.


On the other side of the world, in Japan, this revolution was sparked by a different sort of iconoclast: a nuclear engineer at the sprawling Tokyo Electric Power Company (TEPCO) named Takafumi Anegawa. It was Anegawa who laid plans for the world’s first mass-produced consumer EVs. While Tesla has taken the crown for the world’s coolest car, Japan has raced ahead in building and deploying a people’s EV. In 2012 Japan manufactured almost three-quarters of the electric vehicles sold worldwide. By 2013, an American could lease a Japanese EV for less than $200 a month and fuel that car for a small fraction of the cost of a gasoline- or diesel-powered vehicle.


Today in Japan and America, the futuristic world of transportation portrayed by Shanghai’s GM-SAIC Expo is actually much closer than most realize. Not only electric but “driverless” autonomous vehicles are within sight. The transition to electric and driverless cars will usher forth a step change in both quality of life and economic productivity and potentially be the most transformational social development since the World Wide Web. It will change the way we live and many of the fundamentals of the global economy. That’s why America, China, and Japan are in a white-hot race for the future of transportation. Indeed, the petroleum-free EV and what Forbes called the “Trillion-Dollar Driverless Car”—those autonomous mobility pods from the SAIC-GM Expo—are just around the proverbial corner.


Of course, there will be winners and losers. Some countries and companies will inevitably move faster than others. And part of this will depend on the sophistication of a country’s car, battery, and technology companies—it certainly does not hurt to have a giant like Google or Nissan as a national champion. The leadership of individual innovators, activists, inventors, and dreamers is also key—and a focus of this story. But success also depends on the role that governments take in strategic planning, and their competence in executing policies to encourage investors, banks, entrepreneurs, and businessmen to build the economy of the future and invest in sunrise industries like EVs.



A Brief History of the Global Automobile


Few technologies have been as economically important and transformative as the automobile. Cars first appeared around the turn of the twentieth century, assembled from extra bits of the bicycle and carriage industries. These wheels were mated with electric motors, tube framing, and steam or spark ignition engines. For the first half decade or so, electric vehicles were actually produced in larger numbers than those powered by internal combustion engines. Electric taxi fleets trolled the streets of major cities across the United States.2 These taxi companies witnessed speculative run-ups in valuation that looked like something out of the dot-com bubble. Thomas Edison was also in on the game. He—and many of his contemporaries—poured a decade’s effort and piles of money into developing a competitive EV. But by 1910 Ford had won. The advantages of liquid fuels had overwhelmed the battery, and for a century the history of the automobile was the history of oil and internal combustion. Oil and its derivatives, such as gasoline or diesel, could hold much more energy for a given volume or weight than could any contemporary battery. Additionally, gasoline-powered cars could be refueled quickly, and that fuel was fairly easy to transport—though it was certainly dangerous.


By the 1910 model year, Ford was producing nearly 20,000 Model T’s annually.3 By 1927 that number had skyrocketed so that there was one car for every five Americans, and more than 50 percent of American families owned an automobile.4 Even during the depths of the Great Depression, automotive sales fluctuated between about one and three million units a year.5 With growth came consolidation, and by the 1930s the international auto industry was dominated by three giants: Ford, General Motors, and Chrysler.


Each of these companies ensured global ascendancy by harnessing the powers of oil, internal combustion, and economies of scale. Because their method of manufacturing was basically Henry Ford’s concept, it was often called “Fordism.” The strategy was to build one product in one color that was cheap, durable, and appealed to as wide an audience as possible. The momentum of this process came in the form of an “assembly line,” which moved chassis along an escalating series of workstations—where employees would attach a fender or fasten a headlamp—until the final product was complete.


That approach allowed Ford to achieve what one scholar called “low prices, which kept falling”—in other words, economies of scale through mass production.6 Ford’s prices were so low that the company sold not only to poor rural American farmers, but to exotic markets like Tokyo and Shanghai, all at very competitive prices.


Ford’s great rival, General Motors (GM), also practiced mass production. However, GM did not do so with the same single-minded zeal as Ford. GM was originally the amalgamation of many smaller automotive nameplates, which led it toward diversified mass production, product differentiation, and eventually planned obsolescence. This strategy was dubbed “Sloanism” after the company’s managerial genius, Alfred P. Sloan Jr.7


Like oil, autos became militarily important. In World War I, new weapons like the “cistern” (eventually known as the tank), motorized troop transports, and other weaponized vehicles proved decisive to victory.8 Three decades later, during World War II, America was clearly dominating the race for motorized wheels. Through this lens Japan and Germany’s decision to declare war on the United States is almost unfathomable: the Allies industrial hegemony was absolute. Combined, Japan, Germany, and Italy produced about 437,000 vehicles in 1938, while the United Kingdom alone produced 445,000. At the same time, the United States was producing 3.5 million automobiles.9


After Pearl Harbor, the U.S. automotive industry became the beating heart of the “arsenal of democracy.” So vital were the auto companies to the war effort that federal agents occupied their headquarters—leading the aging and, by this point, slightly deranged Henry Ford to believe they were trying to kill him.


Chrysler was the largest tank producer of the war, and together Ford and Willys-Overland produced 2.5 million military trucks and 660,000 of their iconic “jeeps.” In total, the auto industry built some 4,131,000 engines (including 450,000 aircraft engines and 170,000 marine engines), 5.9 million guns, and 27,000 aircraft for the war effort—crushing the Axis against the anvil of U.S. industrial might and establishing the military prerequisites for a new Pax Americana during the latter half of the twentieth century.


After World War II, the market for automobiles roared and it fueled the astounding growth of America’s suburbs. But in 1965, Ralph Nader put the brakes on this unfettered expansion when he published the book Unsafe at Any Speed, which caused a sensation in its treatment of the dangers of modern cars. This as much as anything symbolized the beginning of an arms race between auto producers and regulators—in safety, efficiency, emissions, and quality—that continues to this day. Fixing the problems outlined in Nader’s book would not be easy.


From an environmental perspective, the most serious problem was emissions. For a long time, engineers did not really understand the alchemy of internal combustion that dictated how emissions were formed. Since it was impossible to see—or even measure—certain aspects of internal combustion, the process was two parts science, one part artistry, and a dash of luck. From the 1970s on, government regulations forced carmakers to apply new rigor to this issue of emissions. Enormous progress was made in controlling toxic exhausts, dramatically improving air quality and human health across America and much of the industrialized world. New standards set by the Environmental Protection Agency (EPA) were so strict that engine specialists said EPA stood for the “Employment Protection Agency”—their work would never end. In California, the effects of pollution were particularly severe. In fact they were so severe that the state set a goal to end this incremental tweaking of the internal combustion engine by eliminating it completely. The heart of their strategy was electrification. In other words, California wanted to reexamine the battery and its potential.


Over the past eighty years, batteries had changed. But most were still based on the same chemistry Edison’s competitors used in electric cars before World War I—lead acid. The first electric vehicles from California were almost entirely powered by a new generation of lead acid batteries. However, by the mid-1990s, a more power-dense chemistry called nickel metal hydride (NiMH) came to market. This chemistry had a relatively long history, but from a commercialization standpoint, its fundamental breakthrough came in the 1990s from a Michigan-based entrepreneur named Stanford Ovshinsky and his company, ECD Ovonics.


Born in Ohio to immigrant Jewish parents in 1922, Ovshinsky was a consummate outsider. His father was a Lithuanian-born scrap metal dealer, and as a young man Ovshinsky himself had started his career as a lathe operator. Ovshinsky’s formal education went only as far as high school, but the public libraries were a fitful schoolroom for such a subversive genius. His self-directed study nurtured a deep streak of intellectual independence.


Long before the oil shocks of the 1970s, Ovshinsky understood the environmental and geopolitical dangers of relying too much on oil to fuel an economy and set out to find alternatives. Together with his wife, Iris, he set up a “storefront lab” that eventually grew into the publicly traded company ECD Ovonics. At Ovonics, Ovshinsky invented a new family of semiconductors, hydrogen fuel cells, and thin-film solar cells. The Economist magazine called him the “Edison of our age.”


In the automotive space, his most lasting contribution was in batteries.10 Ovshinsky received funding from the U.S. Department of Energy (DOE) to develop his company’s NiMH technology. The Ovonics battery held significantly more energy than its competitors—it was “power dense”—and could dispense that energy quickly. In other words, it was “high power.” In many ways, it was a game changer and served as the basis for every hybrid electric of the late 1990s and early 2000s.


At the same time, a few manufacturers (such as Mitsubishi) were also beginning to experiment with lithium-ion batteries—which were originally developed in Exxon’s labs, and first commercialized in portable electronics by Sony. But that chemistry still had safety and performance issues to work out. It was subject to what one industry executive called “the old 80/20 rule, the last 20 percent of the progress takes 80 percent of the work.”11 They did not come to dominate the EV market until the mid- to late 2000s. By that point lithium-ion batteries had already become integral to laptop computers, cell phones, recorders, and other electrified mobile devices.


This new generation of batteries was a game changer for EVs. There were diverse lithium chemistries: lithium magnese–oxide, lithium cobalt–oxide, lithium iron phosphate, etc. While these were expensive and still lacked the energy density of petroleum, with a strong policy boost, some additional research, and mass production they held out the prospect of servicing 90 percent of the day-to-day transportation needs of the global public. With mass production, these batteries might also be economical in the future—especially if costly petroleum was pitted against cheap electricity.


Another boost to EVs came from the hybrid electric vehicle. The concept of a superefficient hybrid electric vehicle—a car that recaptured energy, stored it in a battery, and recycled it to the drive train—had been around since at least the 1890s. In 1977, Earth Day founder Denis Hayes wrote that “[t]he physicist’s conception of the efficient vehicle is one that operates without friction. At a steady speed on a level road, it would consume no energy. Energy used for acceleration would be recovered during braking; energy used for climbing hills would be recovered when descending . . . car manufacturers could approximate the physicist’s ideal much more closely than they do.”12


However, it took a politician, not a scientist, to get the hybrid car off the blackboard and into the labs of the major automotive manufacturers. A Clinton administration effort sought to marry cutting-edge research from the Department of Energy’s National Labs system with the practical needs of Detroit. The Partnership for a New Generation of Vehicles (PNGV) aimed to build an 80-mpg family sedan by combining high-efficiency diesel engines with hybrid systems.13 Spooked, Japanese automakers took a leap of faith over the hybrid abyss.


Toyota’s Prius and Honda’s hybridized Insight both provided valuable technological learnings. But it was the Prius that truly took flight.14 In addition to technical knowledge, the cars also generated a potent “halo effect”—convincing American consumers that Japanese automakers cared more about the environment than America’s domestic manufacturers. In Japan, the effect was no less pronounced. For the first time, new college graduates ranked Toyota as Japan’s most desirable company to work for.15 By 2010, the Prius was Japan’s bestselling car, and by 2012 Toyota had introduced an entire line of hybrids branded under the Prius nameplate. The car’s success familiarized Toyota with the basic elements of EV drive systems and normalized the idea of battery electric vehicles for the international consumer. For Toyota’s competitors—American, European, and Japanese—the Prius became the “big green monster.” It was an industry standard against which they could not hope to compete and it nurtured an inescapable inferiority complex. By the mid-2000s Toyota’s dominance had compelled others toward a strategy of aggressive innovation to bypass the era of hybrid vehicles—and the internal combustion engine.


Henry Ford built his first “Quadricycle” in a tiny garage. But by the end of the twentieth century, the days of garage bench manufacturing were long gone. Building a world-class automobile was now among the most complex industrial endeavors of the global economy; building just an engine manufacturing line might cost $2 billion. Sophisticated automotive companies had two armies of engineers: one devoted to designing the cars themselves, and another entirely focused on optimizing the thousand-legged manufacturing machine synonymous with automotive production. For new pretenders to the field, such as China, breaking in would be a challenge. For all car companies, the technology leap toward electrification was daunting.



Winning the Race


The world is building a new energy economy. In the future, much of the investment and capital that would have gone to fossil fuels extraction and imports will be redirected toward manufacturing and services. It is not too much to say we are running a race for the future.


Today America confronts serious challenges in securing its place among a fiercely competitive field—one that will likely be dominated by rising Asian giants. But too much of America’s private sector rises and falls on the basis of quarterly profit reports, and many companies have abandoned the basic R&D that begets long-term innovations. The U.S. government is not doing much better. It is hamstrung by slow-moving institutions and contentious politics.


To dominate a twenty-first-century economy, to win this race, America will have to change—and to some significant degree that change will have to be political. America must learn to be goal-oriented, tactically flexible, and driven by long-term macroeconomic trends rather than short-term political or financial interests. In many ways such a philosophy is nothing new, but represents a return to the mode of operation that supported America’s economic greatness over most of the twentieth century. With smart, strategic leadership, the United States can again tap into unparalleled forces of entrepreneurship, innovation, and creativity. In spite of recent challenges, America is not out. It still has the potential to lead the world today and for decades to come—and it sometimes draws strength from unexpected places.
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California Rules


How One State Began a Global Technology Revolution


IN 1990, somewhere near Astoria, Oregon, fifty identical military vehicles snaked their way up a misty coastline. The all-terrain beasts had a unique profile. They were squat, wide, and spectacularly muscular—the bulldog of the automotive world. Not far off, a steely-eyed observer spied the parade and silently closed in for a better look. “Look at those deltoids; look at those calves,” he declared in a thick Austrian accent. He inspected the vehicles at close range and was soon infatuated. Arnold Schwarzenegger, a former Mr. Universe bodybuilder, undoubtedly saw something of himself in the brawny HMMWV—or Humvee. He had come to Astoria to shoot the movie Kindergarten Cop, but Arnold now had another mission: he wanted a Hummer.1


Years earlier, the HMMWV—or High Mobility Multipurpose Wheeled Vehicle—had been designed for the U.S. Army by a division of the American Motors Corporation (AMC). But the all-terrain vehicle truly exploded into the public consciousness during the successful Persian Gulf War campaign of 1990–91. Its place in the American psyche was about to get much bigger.


After an extended negotiation, Schwarzenegger succeeded in procuring the object of his desires. But for a variety of reasons the world’s first nonmilitary HMMWV was not street legal—for one, it came fitted with a machine gun turret. So the muscleman spent $100,000 transforming his new HMMWV into a battle tank fit for the streets of Los Angeles. By 1993, he had helped drive development for a new commercial model and anyone with $43,000 to spare could get in on the game.2 Arnold’s Hummer came to epitomize the gas-glugging America of the 1990s.


But six hundred miles south of Astoria, a group of West Coast bureaucrats was laying plans that would eventually help sink the Humvee and drag an unwilling automotive industry in precisely the opposite direction. Over the previous decades, beating back air pollution had become one of California’s top political priorities. And because California was the largest auto market in the country—and one of the biggest economies in the world—the state’s air quality problems quickly became a central focus for the global auto industry, whether the industry liked it or not.


The California Air Resources Board (CARB), which was responsible for clearing California’s sullied skies, spent decades forcing automakers to design, build, and deploy technology that Detroit and others said was “impossible.” CARB often did this by coaxing and cudgeling American automakers into compliance. And they frequently encouraged Detroit’s Japanese rivals—who were eager to please California’s emissions bosses—to outflank America’s industrial giants.


But ironically it was GM, scions of the Hummer franchise, and not Toyota or Nissan, that eventually convinced California a zero emissions vehicle was a real possibility and set America on the road to electrification. When GM showcased a sexy electric concept car called the Impact at the Los Angeles Auto Show in the early 1990s, they gave CARB its perfect weapon against atmospheric grime. Almost two decades later, Arnold Schwarzenegger would become an almost menacingly aggressive champion for EVs.


It all started on a scorching summer day in 1949 with another European transplant—a chemist at the California Institute of Technology named Arie Haagen-Smit.



The Desolation of Smog


It had been a busy morning. Professor Arie Haagen-Smit was extracting the juices of six thousand pounds of pineapple and perhaps he was beginning to feel a bit overwhelmed. It wasn’t quite lunchtime, but Haagen-Smit had earned a break. He wanted to get out of the lab.


As a chemist, Haagen-Smit was world class. In the 1930s he had taught at Harvard, but he was lured to Caltech in 1940. His passion was analyzing the chemical composition of plants: their smells, tastes, and healing powers. Haagen-Smit was something of a fixture on campus. He was ruggedly handsome and well liked, with a scientifically conservative bent. Perhaps his foremost quality was a piercing integrity and evenhandedness. It was a temperament that likely helped him in his scientific pursuits. Haagen-Smit had a long list of discoveries to his name—including the flavor components of wine, garlic, and even THC, the active compound in marijuana.3 But now it was pineapples, and Smit was obsessed to know just what produced the fruit’s distinctive flavor.


But as Haagen-Smit stepped out for a breath of fresh air he smelled—even tasted—something repulsive. His mouth and lungs were filled with searing, chemical-laced smog.4 The man was revolted, but the chemist’s curiosity was piqued.


This kind of weather had become commonplace in Southern California, and the phenomenon was intensifying—it was even destroying some of his plants. But the source remained a mystery. Haagen-Smit brought the problem to his colleague Arnold Beckman, and they started discussing various explanations. Some people said the smoke was produced by backyard incinerators or the manufacture of women’s pantyhose—a relatively new phenomenon that had coincided with the onset of the unsightly haze. But neither scientist accepted these explanations. Researchers at Stanford and across California had spent half a decade trying to track down the secrets of smog, but all had failed. For his part, Beckman thought Haagen-Smit could do better.5


One of Beckman’s other associates was Louis C. McCabe. Two years earlier, McCabe had been made the first director of the Los Angeles Pollution Control District. Theoretically, McCabe bore responsibility for dealing with Los Angeles’s air quality. But despite the fact that he had a strong background in the sciences, a staff of almost fifty people, and a significant budget dedicated to addressing the problem, neither McCabe, nor anyone else, knew how to control the smog. For no one really knew where it came from—though McCabe himself suspected the city’s oil refineries played a role. But the politics of smog were already compelling. It wasn’t long before McCabe’s honeymoon as director was over and he was being pilloried by the local media for his inefficacy. McCabe could not find the smoking gun. But figuring out the source, and ideally a solution, would make him a hero.


McCabe now wanted action. What he did not want was to fund some long, plodding, inconclusive academic study on the possible explanations for Los Angeles’s atmospheric soup. So when Beckman asked McCabe to fund Haagen-Smit’s investigation, he rejected the idea outright. The process might drag out for months, or even years. Yet after a few months of spinning his own wheels, McCabe changed course.6 His methods weren’t working and although McCabe’s erudite speeches on the problem of smog could draw an audience, they weren’t getting the job done.


For his own entirely nonpolitical reasons—mostly intellectual curiosity and the damage being done to his plants—Haagen-Smit was just as keen to get started. There was no handbook for where to begin, but the canny scientist devised a plan.


On a pea soup day, he set up a massive fan to draw “30,000 cubic feet of Pasadena air” through an industrial freezer. The frigid air shed its moisture and Smit distilled this synthetic dew into a few tablespoons of vile brown sludge. He subdivided those elements, analyzed the components, and discovered that the California air was suffused with “organic peroxides.”7


The source couldn’t have been more obvious if the finger of God had etched the word cars into Haagen-Smit’s microscope. These “peroxides” were known eye irritants and they were responsible for the stinging sensation that smog brought along with it. The “hydrocarbons” were not the product of pantyhose or rubber plants, but the unburned gasoline being dumped into the atmosphere by the exhaust pipes of millions of internal combustion engines. The sun was baking these compounds, oxidizing and transforming them.8


The evidence was right there, and it was irrefutable.


As far as Haagen-Smit was concerned, he had done his job. He would have likely closed his books, returned to the lab, and refocused on pineapples. But fate intervened. A large group of oil and gas companies decided that Haagen-Smit’s results ought to be refuted—they were too damaging. When McCabe’s successor, the new head of the Los Angeles Pollution Control District, announced Haagen-Smit’s results to the media, it created quite a stir. So the anti-Haagen-Smit consortium funded a Bay Area group called the Stanford Research Institute (its connection to Stanford University is unclear) to do its own study. It also did a hatchet job on Haagen-Smit’s research and reputation. They accused Haagen-Smit of sloppiness. They said his results were not replicable and that he had no definitive proof. His conclusions were a leap of faith—or worse, merely a guess.


The usually unflappable Dutchman was enraged. Although he had little interest in cars and no desire to remake the automotive industry, this slander could not go unanswered—nor unpunished.


He responded with a fusillade of evidence that demolished the credibility of opponents. As Haagen-Smit churned out a growing mountain of research, he also developed a bit of PR flair. He produced smog in a bottle and built smog chambers that would wilt plants and suffocate any who dared enter—all in a familiar, stinging, peroxide haze.9


Through it all, Haagen-Smit became progressively more identified with the state’s efforts to fight smog. He was even called the “father of smog,” and under successive governors he built an unrivaled set of labs and research institutions dedicated to understanding and fixing the problem. When the state centralized its balkanized community of pollution control agencies into the California Air Resource Board (CARB), Haagen-Smit was the obvious choice to lead the effort.


Yet Haagen-Smit was not temperamentally suited for the political rough-and-tumble of CARB. It wasn’t that he was disliked. Haagen-Smit was not an effusive man, but people certainly liked him. Politicians liked him. Even the automakers—the subject of his criticism—liked him. They thought he was fair and reasonable—someone with whom they could do business. But before long, some observers started to criticize CARB’s first chairman for being too soft on industry. So it came as a shock when Governor Ronald Reagan—who had originally appointed him as chairman of the board—sacked Haagen-Smit for ordering Californians to install a thirty-five-dollar retrofit on their cars to reduce emissions.


By this time, Haagen-Smit was an institution unto himself. He had practically created the new science of air pollution. Even the federal government recognized that California’s air quality research establishment was probably the best in the world. But in the end, Haagen-Smit’s transformative term as California’s air-scientist-in-chief was unceremoniously cut short for a surprisingly small infraction against Reagan’s free-market ideology. Despite the fact that he had approached his tenure with a notably light touch—perhaps too light given the severity of the health crisis facing California—he was axed for what were basically ideological reasons. In Reagan’s mind, the retrofit represented too much regulation—big government—and he simply could not abide too much regulation.
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