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It is quite possible that the man who has taught us to put up electricity in bottles 
has accomplished greater things than any inventor who has yet appeared.

—The New York Times, June 11, 1881
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PROLOGUE

To skeptics, the Chevrolet Volt concept car was nothing but a public-relations stunt, an unserious stab at building green credibility through future-shock styling and a hollow promise of untold advances in fuel economy. After all, the annual North American International Auto Show more closely resembles a Paris fashion show than tent day on the dealer lot. Every January, Detroit’s Cobo Hall is filled with outlandish concept cars—hydrogen-fuel-cell cars whose time is always just another year away, hallucinatory “design studies” whose lines might one day help determine the grille pattern on an otherwise bland sedan. Nothing wrong with that: it’s the way the automotive industry works. The artists and research-and-design people have their fun, and then the executives and engineers water the fanciful down to something safe, something that the board suspects might actually sell. Sometimes the technological advances that run down the automotive catwalk do eventually appear in the real world. But in early 2007 GM had a credibility problem. It was natural to wonder how serious the manufacturer of the Hummer could be when it said it would soon build an entirely new type of twenty-first-century automobile.

The skepticism surrounding the Volt was partly informed by the
documentary Who Killed the Electric Car?, which had premiered at the Sundance film festival the previous year and had quickly become a cult hit, delivering to an unexpectedly large audience footage of General Motors’ seizing all but a few specimens of its earlier EV1 electric car from their heartbroken drivers, hauling them out to the desert, and crushing them en masse behind a security fence. The documentary didn’t directly accuse GM of conspiracy, but it didn’t matter. Particularly among the young and the environmentally conscious, a new piece of conventional wisdom threatened to crystallize: General Motors, an evil American corporation, had colluded with the oil companies (also evil) to rid the land of an existential threat, the electric car.

Yet the truth was that by the day of the auto show, General Motors had done vastly more production-intent work on the Volt than they ever would for a normal concept car. It hadn’t been easy, but its product-planning chief, Bob Lutz, had secured a good-faith commitment from his superiors to build the Volt. It was to be a moon shot, a game changer—an entirely new type of car, one more relevant and useful than any electric vehicle that had come before. Thanks to its series hybrid drivetrain—a battery-powered electric traction motor backed up by a gas-powered generator—the Volt would hardly ever use gasoline around town. If you weren’t opposed to buying gas, however, you could also drive the car cross-country. And the Volt’s power architecture could be transferred to any number of other vehicles.

The Volt, or at least the idea of the Volt, was promising enough that some of GM’s critics—even some of the people behind Who Killed the Electric Car?—allowed themselves to be cautiously open-minded. There were indications that this time, General Motors might be serious. Rumors had been spreading for months that the company might be ready to get back into electrification. Lutz had been stung by Who Killed the Electric Car? More important, he had come to see GM’s ceding of the lead in the newly fashionable hybrid market to Toyota and its Prius as a terrible mistake. The righteous glow of the Prius was by 2006 shining on every car and truck Toyota built. The Prius was the ultimate image booster for the company that appeared set to surpass GM as the world’s largest automaker. Then, the arrival of start-up Tesla Motors and its glamorous electric roadster finally made Lutz snap.


The skeptics were right about one thing: the Volt was definitely about image. The car was Lutz’s baby, designed in pseudo–Skunk Works fashion, pitched as a reputation rebuilder for a stumbling, increasingly unprofitable company. He had given the designers little direction except that the car should be a technology showcase, and that it should be an electric—not a hydrogen-fuel-cell car, which by 2006 GM had spent at least a billion dollars researching. The prototype that the designers came up with was sexy, like a twenty-second-century Camaro, and on the day of its unveiling, standing beneath the blue-gelled stage lights next to his gleaming car of the future, Lutz appeared to gloat.

Announcing the Volt, General Motors executives argued that the time for the electrification of the automobile had finally arrived, thanks to a critical enabling technology: the lithium-ion battery. This was the same technology responsible for the miraculous shrinkage of the cellular phone. These batteries were three times more energetic and less than half the weight of the lead-acid cells that drove the EV1. Make that the lead-acid cells that doomed the EV1. The company line was that heavy, inefficient lead-acid batteries, the best available in 1996 when production of the EV1 began, were so bulky that it was impossible to shove a backseat into the car, so short-lived that the vehicle was limited to a maximum range of one hundred miles or so, after which, if you ran out of juice, you were, as Lutz would later say, “truly screwed.” This is why the EV1 failed, GM contended: it was really just an inadequate car. But the lithium-ion battery changed everything. It could bottle up enough energy in such a small and light package that suddenly an affordable four-passenger electrified vehicle was feasible.

There was a major caveat: the batteries weren’t quite ready. The type of lithium-ion battery used in laptops and cellular phones wasn’t suitable for use in a car, experts argued. It wasn’t safe enough, powerful enough, or durable enough for the many years of abuse that an electric-car battery would have to endure. That could change quickly, however: around the world major electronics companies, venture-backed start-ups, and scientists in national and university labs were developing new strains of lithium-based batteries that had the potential to make the Volt reality. Once the batteries were ready, the car would be ready too.

Plenty of people thought GM was simply setting itself up, once
again, to blame the failure of an electric-car program on the batteries. Even the optimists were afraid of being fooled again. This new battery technology was promising, and the Volt’s blended power train cleverly circumvented the most common obstacle to electric drive—limited driving range. None of that would necessarily stop GM from milking the car for PR value without ever putting it into meaningful production. But there was a chance. If the events of the next few years unfolded in just the right way, the electric car’s time could finally arrive.

 


Three years after the Volt’s unveiling, I found myself standing on a rocky bluff in a remote and desolate corner of the Bolivian altiplano. In the distance, like an endless vanilla glaze on a mud-chocolate landscape, was the Salar de Uyuni, the largest salt flat in the world, which, by some estimates, holds half of the world’s easily accessible lithium. Below lay the construction site of the Bolivian government’s pilot plant for lithium production, a small collection of shacks and half-built brick-and-timber structures that had become a source of international fascination and, in Bolivia, plenty of domestic consternation. Delegations from the South Korean government, Japanese and French corporations, and others had been here before me, eager to secure access to Bolivia’s lithium riches in preparation for a postoil future. None of them had much luck. Bolivia’s president, Evo Morales—Aymara Indian, head of the Movement Toward Socialism Party, former leader of a coca growers’ union—had declared that in order to prevent foreigners from stealing the country’s lithium, the government would go it alone. This pilot plant was Bolivia’s first step toward building a national lithium industry.

Fears about the price and future availability of oil, the increasingly undeniable reality of anthropogenic climate change and the concomitant likelihood of restrictions on carbon emissions, the rise of resource hungry India and China, the collapse and rebirth of Detroit’s auto industry, a dramatic realignment in American politics, the greatest financial catastrophe since the Great Depression and the remolding of the American economy that the crisis seemed to make possible—this strange constellation of circumstances had brought me to this remote corner of the world. Some combination of these factors had by 2010 led
nearly every major automaker to announce some level of commitment to the electrification of the automobile. Those commitments caused a rush to supply the batteries the cars of the future would need. That rush initiated a global race to secure access to the world’s supply of lithium—the element that is the yeast in the dough of the world’s most advanced batteries. All this happened with astonishing quickness. It was fascinating to watch, and for those involved it was by turns thrilling and brutal, an opportunity for a few winners and survivors to change the world and maybe make a billion dollars in the process. Yet it only makes so much sense to speak of these events in the past tense. The real upheaval is only beginning.




1

THE ELECTRICIANS

Before the invention of the battery in the first year of the nineteenth century, electricity as we know it today—as a stream of electrons that can be made to do our bidding—didn’t exist. Electricity was part parlor trick, part mystery. It was a fuzzy force field that could be conjured by rubbing a plate of glass with fur. It was in no way useful, and it wasn’t even remotely understood. Only after the battery gave mankind a reliable source of electricity did that really begin to change.

We’ve known about what is now called static electricity since around 600 B.C., when the Greek philosopher Thales of Miletus began puzzling over a strange property of amber: when rubbed with cloth, amber (called elektron in Greek) would, through some invisible mechanism, pull feathers toward itself. The phenomenon resembled magnetism, which the Greeks had observed in iron-bearing stones found near the city of Magnesia on the Meander. After Thales, however, more than two millennia would pass before human understanding of these two forces advanced appreciably. At the beginning of the seventeenth century, some momentum returned when William Gilbert, chief doctor to Queen Elizabeth I of England, discovered that a variety of materials could be electrified by friction, just like amber. Gilbert is the one who coined the word
“electricity,” drawing on the Greek word for amber to give a name to the force that he called “electrical effluvia.” After that, in part because there was no good way to store electricity for use in experiments, the “electrickal arts” progressed only haltingly for the next century and a half.

Then came the Leyden jar. Invented in the town of Leyden, Belgium, in the 1740s, it was literally a jar for electricity. Its walls coated inside and out with metal, the jar was filled with water and then, via a metal chain that dangled down through the lid, charged by an electrostatic machine. (We now know that the Leyden jar is a capacitor, a device that stores charge between a pair of conductors.) One Leyden jar, or several of them wired in series, could hold a significant charge, as Benjamin Franklin learned around Christmas in 1750, when he accidentally hit himself with a charge he’d been building up to kill a holiday turkey. He called it a “universal blow” through the body, which left “a numbness in my arms and the back of my neck which continued til the next morning but wore off.” Yet the Leyden jar’s usefulness was limited by the fact that it could dump its charge only in that kind of instantaneous jolt. This restricted the kinds of experiments scientists—or, as they often referred to themselves, electricians—could perform, and by the second half of the eighteenth century the true nature of electricity was still a mystery. In 1752, when Franklin performed his legendary kite experiment and determined that the electricity generated by friction was the same stuff as lightning, it was an important breakthrough. But what was that common force? No one knew.

 


The battery was the accidental fruit of a dispute between two Italian scientists over this question. In one corner was Luigi Galvani, a physician at the University of Bologna, who noticed that under certain circumstances, touching a scalpel to the crural nerves in the thigh of a dissected frog caused the legs to kick to life. Galvani came to believe that within the muscles of all living creatures flows an electrical fluid, an “indwelling electricity” generated by the brain and pumped through the body as a motivating force.

In the other corner was Alessandro Giuseppe Antonio Anastasio Volta, a professor of physics at the University of Pavia. Volta had long
been interested in the general project of eliminating superstition through the careful study of phenomena still commonly attributed to magic. He thought deeply about the concepts of mind and the soul, and for a while he entertained Galvani’s theory as a possible explanation for the relationship between the “will” and the motion of the body. But that didn’t last long. Through his research with electrical instruments he became convinced that there was no such thing as animal electricity. Instead, electricity was set in motion by the contact of different metals. When a disembodied frog leg kicks in the presence of electricity, that’s because it’s a good conductor, just like the human tongue, one of Volta’s favorite experimental tools.

Galvani and Volta sparred over the nature of electricity for years beginning in 1792, trading jabs in letters and books. A decisive round began in 1797, when Galvani published a long book devoted to destroying Volta’s theory of metallic electricity. Volta could easily handle all of Galvani’s arguments but one, which involved a freak of nature that seemed to validate everything Galvani believed in: the torpedo fish, a bottom-dwelling ray conveniently equipped with an organ capable of creating electrical shocks strong enough to kill a man. Galvani believed that some kind of electrical fluid was cooked up in the fish’s brain and then piped throughout its nervous system, and he intended to prove it experimentally.

Volta knew that the torpedo fish threat had to be dispatched quickly. He learned how to do so when he read a paper by the English chemist William Nicholson, which proposed that the torpedo fish produced electricity not through its brain, nerves, or will, but through an organ that could be modeled mechanically. Volta ran with Nicholson’s idea, determined to build a device that would draw electricity only from the contact of different metals. After only a few months he emerged from his lab with a column of little sandwich cookies, each one a zinc and copper disc separated by brine-soaked cardboard. On March 20, 1800, Volta wrote to Sir Joseph Banks of the Royal Society in England, announcing his discovery of “electricity excited by the mere mutual contact of different kinds of metal.” The battery had arrived.

News of the battery spread across Europe as quickly as the infrastructure of the day would allow. Letters describing the new device sailed
to England, France, Denmark. Electricians throughout Europe began replicating Volta’s experiment, and soon they began building larger and more powerful batteries. Nicholson built one and used it to create what the historian Giuliano Pancaldi described as “loud detonations, clouds of bubbles, gleams of light, shocks felt by up to nine people holding each other by the hand, and a ramified metallic vegetation, nine or ten times the bulk of the wire, when the wire was kept in the circuit of the battery for four hours.” Almost immediately the battery enabled major fundamental scientific discoveries. Within weeks, Nicholson and his colleague Anthony Carlisle had used the battery to break water down into hydrogen and oxygen, proving that water was not, in fact, an irreducible element.

Volta called his invention the “organe electrique artificial.” Nicholson called the device the “pile,” referring to the fact that it is simply a pile of metal and cardboard. Soon, however, the word “battery” emerged in common usage, a reference to the practice of connecting a “battery” of Leyden jars in series to supply electricity.

The battery assured Volta a place in the pantheon. It was “the last great discovery made with the instruments, concepts, and methods of the eighteenth-century electricians,” a device that “opened up a limitless field” that “transformed our civilization,” wrote the historian John L. Heilbron. The nineteenth-century physicist Michael Faraday, often considered the most brilliant experimentalist in history, called the battery a “magnificent instrument of philosophic research.” Auguste Comte, the founder of positivist philosophy, called Volta “immortal” and put him on the Positivist Calendar, a proposed reform calendar that celebrated history’s greatest thinkers. According to the historian of science George Sarton, the battery “opened to man a new and incomparable source of energy.”

Volta earned such effusive praise because of the battery’s enduring, history-bending influence. Throughout the nineteenth century, the battery powered the experiments that finally allowed human beings to put to work the amber-borne force field that had mystified thinkers for millennia. The famed English chemist Humphry Davy used large batteries to break various minerals into previously unknown elements—potassium, sodium, magnesium, calcium, barium, strontium. In Copenhagen
in 1820, Hans Christian Oersted noticed while giving a lecture that current flowing from a battery changed the direction of a compass that was sitting nearby. Soon, Oersted proved that electricity could induce magnetism. Oersted’s discovery led to James Clerk Maxwell’s equations describing the relationship between electricity and magnetism—electromagnetism—which led to the electric motor, the generator, the telephone, and every other electrically powered device ever invented.

By the middle of the nineteenth century, the battery found use outside the lab, primarily as a power source for the telegraph. As the battery steadily improved, its uses grew. In 1859, the French physicist Gaston Planté achieved a major breakthrough: the first practical rechargeable battery, a primitive version of the lead-acid cells we still use to start our gas-powered cars. In 1881, the French chemical engineer Camille Alphonse Faure came up with a practical method for manufacturing lead-acid batteries. Soon a shady bunch of European patent scavengers and stock manipulators were trying to get rich on Faure’s invention, inflating the small-scale equivalent of a nineteenth-century dot-com bubble, and temporarily giving the battery business a bad reputation. But that didn’t stop the spread of the new technology. By the beginning of the twentieth century, lead-acid batteries were widely used to power telegraphs, manage the electrical load in electrical-lighting substations, and support electrical streetcar networks. By then, many of them were also driving cars.

 


At the beginning of the automobile age, cars powered by gasoline, electricity, and steam all shared the road, and none was an obvious winner. Actually, electric cars had a strong early advantage. They were clean, quiet, and civilized. Gas-powered cars were unreliable, complicated, loud, and dirty. They could be started only with a firm turn of the starting crank, and when that crank backfired it was extremely effective at breaking arms. When they weren’t breaking down or inflicting pain, however, gas-powered cars offered something that electric cars couldn’t—decent driving range, extendable within minutes with a tin of gasoline from the general store.


Thomas Edison loved the idea of the electric car. Electric cars were a natural, stabilizing, money-generating appendage to the electrical network he had spent his career building. Widespread adoption of the electric car would help sustain his direct current (DC) standard, because charging a battery from an alternating-current (AC) network required an additional piece of equipment, an AC-DC converter. He knew that battery technology would determine whether electric cars would thrive or lose out to the rapidly improving gas-powered car, and he happened to be looking for a new conquest. He had already made, lost, and remade a fortune—already invented the stock ticker, the lightbulb, the phonograph, and the motion picture. He had just closed down a disastrous attempt at mining iron ore in western New Jersey. And so in 1898, he began studying the literature on battery research, the first step in a quest that would dominate the next eleven years of his life.

The battery project was a departure for him. For years he had railed against “storage batteries,” as rechargeables were called. He saw them as catalysts for corruption, the tools of scam artists. Now he was committed to bringing the technology into a new, respectable age, and he was confident that he would succeed. “I don’t think Nature would be so unkind as to withhold the secret of a good storage battery, if a real earnest hunt were made for it,” he wrote to a friend. He had no idea what he was getting himself into.

Edison’s goal was to create a new battery that would triple the capacity of the most advanced lead-acid batteries of his day. He wanted to surpass lead acid by ditching both the lead and the acid, finding new metals and electrolytes that could build a battery that was not only more energetic but also longer-lived. Part of the reason for his choice of materials was that he believed an alkaline rather than acidic electrolyte would be necessary to build a lighter and longer-lived battery. But he was also competing against the market-leading Electric Storage Battery (ESB) Company of Philadelphia, which was owned by the New York tycoon William C. Whitney, and which controlled most of the patents on lead-acid batteries. Edison couldn’t chase them on their own well-established road. He would have to find a different approach.

The romantic telling of this period of Edison’s life has the proudly anti-academic inventor scorning theory and, instead, systematically
churning through every conceivably suitable substance—innumerable grades and forms of copper, iron, cadmium, cobalt, magnesium, nickel hydrate, along with any number of formulations of the electrolyte. As his biographer Matthew Josephson wrote, “The number of experiments mounted into the hundreds, then to the thousands; at over ten thousand, Edison said, ‘they turned the register back to zero and started over again.’ A year, eighteen months went by, and they had not even a clue.”

In reality, he was not working blindly. He knew the literature. He was probably building on research conducted by scientists such as the Swedish chemist Waldmar Jungner, who had been doing pioneering work on alkaline batteries himself. Edison was also probably spying on his competition at ESB, which was racing to develop an improved lead-acid battery called the Exide.

Because of the intensity of the competition with ESB, almost as soon as Edison chose a basic design for his battery he began promoting it. In 1902, he wrote an article for the North American Review reporting that his lab work had led him to “the final perfection of the storage battery,” a cell that used nickel and iron electrodes and a potassium-based electrolyte. He had his critics. In the magazine Outing, a writer named Ritchie G. Betts mocked Edison for promising “a featherweight and inexhaustible battery, or one which may, by the twist of a wrist or the pass of a hand, draw power, and be recharged from the skies or the atmosphere or whatnot, and lo! all problems are solved! The ideal automobile is at hand!” But the critical voices would be overwhelmed by a press infatuated with the myth of Edison, the Wizard.

By 1903, Edison’s workers were dropping his nickel-iron batteries into cars and logging miles, and conducting primitive abuse testing by throwing batteries out of third-story windows of their Orange, New Jersey, lab. By the following year, they had pushed the battery to impressive new levels of capacity: 14 watt-hours per pound, 233 percent better than the lead-acid batteries of the day. It wasn’t quite triple, but it was close enough.

Edison launched his Type E nickel-iron battery with a level of hype and overpromising that would do today’s most egregious vaporware vendors proud. It was a “revolutionary” new battery that would “last longer than four or five automobiles.” Predictably, Edison’s fans in the press
were enthralled. The nickel-iron battery “revolutionized the world of power.” The “age of stored electricity” had arrived.

The giddiness didn’t last long. Soon, the batteries began to leak. Many of them quickly lost as much as 30 percent of their capacity. And so Edison recalled the batteries he had trumpeted so loudly, went back to the lab, and set out to finish what he called his “damned problem.”

Five years passed. Edison’s health deteriorated. It was, according to Josephson, a “prevailingly somber period.” It was a grim few years for the electric car as well. The gasoline engine was improving quickly. In 1907, Rolls-Royce released a six-cylinder gas car, and Ford launched its affordable, popular Model N in 1906. The competition for Edison’s battery was growing tougher with each passing year.

One of Edison’s employees solved the leakage problem with a rugged sealed container, but the performance still wasn’t what they hoped. Then in 1908, they had a breakthrough. The following year, Edison wrote in a letter: “At last the battery is finished.” In July 1909, he released the second-generation A cell.

This battery was a success. It was nearly indestructible and had a longer life span than competitors, which made it particularly attractive to the owners of electric-truck fleets. Yet soon after the arrival of Edison’s A cell and ESB’s competing product, the Ironclad-Exide, Charles Kattering invented the automatic starter for gasoline engines, and that was effectively the end of the early electric passenger car. Before long ESB began adapting its lead-acid Exides for the subordinate duty of turning over an internal combustion engine. Edison’s battery found work running lamps and signals in mines, trains, and ships. In World War I, it was used for telegraphy and in submarines. For the next several decades, as the gas-powered car became an emblem of the American dream and the electric car went into a long hibernation, Edison’s battery and its competitors moved into supporting roles for a petroleum-driven world.

 


Back in 1908, two things rescued Edison’s battery. The first was the addition of nickel flake to the electrode. The second was lithium.

In a patent application filed on May 10, 1907, Edison explained
that adding two grams of lithium hydroxide to every 100 cc of electrolyte solution caused his battery’s capacity to spike by 10 percent and extended the amount of time the battery could hold a charge by a “remarkable” amount. Today we know that the lithium hydroxide most likely helped avert some detrimental, unintended chemical reactions that had been sapping away the battery’s strength. Edison, however, had no clue why it worked, and he probably didn’t care.

Edison didn’t build anything resembling a true lithium battery. Lithium was the salt in his stew. But if nothing else, it was a poetic choice: a century later, after scientists have spent decades scouring the periodic table for better battery materials, we know that lithium is the best possible foundation for electrochemical energy storage. The universe hasn’t given us anything better.

Lithium, which is now used for purposes as diverse as treating bipolar disorder and strengthening aircraft frames, is one of the three primordial elements, created during the first minutes after the big bang. The lithium atoms in our laptops and cell phones are among the oldest pieces of matter in the universe. Composed of three neutrons, three protons, and three electrons, lithium is the third element on the periodic table, preceded only by hydrogen and helium. A metal, it is half the density of water and, in its elemental form, too volatile to exist in nature. Pure lithium is silvery-white and soft, like cold Camembert cheese, and must be stored in oil to prevent it from reacting with air or water.

Like its heavier alkali-metal cousins sodium and potassium, lithium was first isolated in the early nineteenth century. In 1800, a Brazilian chemist visiting a mine on the Swedish island of Utö discovered crystalline minerals he named spodumene and petalite, both of which we now know are compounds of aluminum, silicon, and lithium. Seventeen years later, Johan August Arfwedson, a young Swedish chemist working in the lab of Jöns Jacob Berzelius, broke petalite down into a lithium salt, which earned him credit as the discoverer of the element. Berzelius anointed the new mineral, which Arfwedson was never able to isolate in its pure form, “lithos,” from the Greek for “stone.”

By the mid-1800s, lithium salts were being used medicinally, first to treat gout and, later, all manner of illnesses. Lithium therapy became
popular in the late nineteenth century because of the spread of the idea that illnesses ranging from gout to asthma to depression were caused by uric-acid imbalances, and that lithium, by dissolving uric acid, could help with them all. Soon lithium salts and lithiated beverages, products with brand names like Buffalo Lithia Springs Water, were being sold widely as curatives. A brewery in Wisconsin made Lithia Beer using spring water that was high in the mineral. The lithiated drink with the most lasting influence arrived in 1929, with the name Bib-Label Lithiated Lemon-Lime Soda. The Howdy Company of St. Louis marketed the soda, which contained lithium citrate, as a hangover cure. “It takes the ouch out of grouch,” went an early slogan. Before long the company founder changed the drink’s name to 7-Up Lithiated Lemon-Lime, and today, we know its delithiated progeny as 7UP. (The latest ad campaign: “Ridiculously bubbly!”)

Lithiated soda might have been dubious, but it was harmless. The next major medical application of lithium was far less benign. In the 1940s, some doctors began giving heart-disease patients lithium chloride as a substitute for their usual sodium-rich salt, and the result was a number of lithium overdoses, several deaths, and a wealth of data on how much lithium it takes to kill a human being. The timing was unfortunate. In 1949, the same year news of the lithium poisoning broke, the Australian psychiatrist John Cade reported dramatic results using safe doses of lithium salts to treat mania. Yet the toxic-overdose episode gave lithium such a bad reputation that the FDA wouldn’t approve lithium carbonate as a psychiatric medication until 1970.

Lithium is now one of the most effective pharmaceuticals available for treating mental illness. Mood-stabilizing drugs such as Eskalith, Lithobid, Lithonate, and Lithotabs are indispensible for regulating bipolar disorder. Scientists still aren’t exactly sure how they work, but they do know that lithium affects neurotransmitters and cell signaling, and that it increases production of seratonin, the mood-elevating compound whose shortage is associated with depression. (Intriguingly, lithium also seems to stimulate brain-cell growth.) A study published in The British Journal of Psychiatry in 2009, which compared suicide rates and lithium levels in the drinking water of eighteen Japanese towns, found that “even very low levels of lithium in drinking water”—0.7 to 59 micrograms per
liter, compared to the nearly 340 mg of elemental lithium delivered in the commonly prescribed 1,800 mg daily dose of pharmaceutical lithium carbonate—“may play a role in reducing suicide risk within the general population.” In an invited commentary piece published in the same issue, a Canadian psychiatrist suggested that lithium could one day be added to drinking water, just as fluoride is added to public water supplies to prevent dental disease. Right away the theory that government eugenicists wanted to exercise mass mind control by lithiating the water supply spread across paranoiac websites.

Despite the significance of lithium as a psychiatric tool, the pharmaceutical industry absorbs only a tiny fraction of the approximately 120,000 metric tons of lithium-bearing compounds that are mined, processed, and sold each year. The largest share goes into metal alloys, ceramics, and lubricating greases, along with various rarefied applications—devices that absorb excess carbon dioxide in the air aboard spacecraft and submarines, rocket propellant, and certain types of nuclear reactors. Because we’ve stopped replacing the old ones, lithium no longer contributes to the manufacture of thermonuclear weapons. Isotopes of lithium did, however, trigger the largest thermonuclear device the United States ever detonated, the bomb that in the 1954 Castle Bravo test unleashed a blast twelve hundred times more powerful than what hit Hiroshima and Nagasaki, and dusted a swath of inhabited South Pacific islands with radioactive fallout.

Of all of lithium’s uses, however, the one with the most profound implications for the future—the application that has already affected the lives of billions of cell-phone-, laptop-, and iPod-using people, and the one that stands to change the way we drive and to transform the way we use energy—is in batteries.

 


Think of electricity as a stream of electrons. The ideal tool for storing electricity squeezes the largest number of electrons into the smallest and lightest device possible. But you can’t just shove loose electrons in a can. To get an electron, you have to pry it loose from an atom. In this way, every electron you get out of a battery comes with baggage in the form of protons and neutrons, both of which are more than eighteen hundred
times as massive as an electron. In the lead-acid 12-volt battery under the hood of your car, each usable electron comes tethered to a hefty lead atom—82 protons and 125 neutrons in the nucleus, for a total atomic weight of 207.2. By contrast, each electron you snatch away from a lithium atom in your cell phone comes with a burden of only 3 protons and 4 neutrons; lithium has an atomic weight of 6.941, thirty times less than that of a lead atom.

A lithium atom’s eagerness to shed its outer electron also means that it can be used as the basis for batteries that are more powerful and energy dense than those based on just about any other element. In essence, a battery is a high-energy chemical reaction that has been hijacked into providing useful results rather than a burst of flames. Lithium, recall, is too reactive to exist in nature in its pure form; combine the active ingredients of a lithium-ion battery’s two electrodes and, under the right conditions, you have an excellent high explosive. A battery, however, frustrates these violent tendencies. By putting an electrolyte bridge between those two electrodes, a battery keeps those bomb parts at a safe distance from each other, placing an explosion in suspended animation, creating a chemical system throbbing with energy that can be redirected and exploited.

This system, used correctly, can help plug a gaping hole in our technological ecosystem—our pathetically primitive ability to store energy. As Bill Gates put it in a 2010 speech, all the batteries in the world can together store only ten minutes of our global electrical needs. In an era of grave concern about the future of energy, this is a fairly obscene weakness.

Today we power our cars almost exclusively by burning the fossilized remains of prehistoric plankton, transforming the energy that holds those hydrocarbon molecules together into energy that moves us around town. And oil has many advantages: it’s powerful, versatile, and easy to store—we can simply put it in a barrel or a gas tank and let it sit. Yet oil’s many consequences (environmental degradation, greenhouse-gas emissions, the enrichment of dictators and sworn enemies of civilization), combined with the fact that we will eventually run out of affordable sources, make finding alternatives an obvious imperative.

Of the alternatives, electricity is the cleanest and most flexible option.
It’s piped into every home in the country. Mile by mile, it’s cheap compared with gasoline. It’s far more feasible than hydrogen, and in almost all circumstances it’s cleaner than ethanol. It can come from almost any source—natural gas, coal, nuclear, hydroelectric, solar, wind. Even when it is generated by a coal-burning power plant, it still produces less carbon dioxide per mile than a mile powered by gasoline.

The problem is, electricity is hard to store, and that’s why the lithium-ion battery has attracted so much attention. It has already proved itself to be a powerful driver of modernity. Largely because of the arrival of the lithium-ion battery in the early 1990s, the cellular telephone first became ubiquitous and then transformed into a pocketable computer. Then it became a computer that connects wirelessly to the Internet. Then it became a computer, camera, MP3 player, GPS navigator, movie player, and all-around life planner and time waster, extending the reach of the information revolution into our pockets.

Now, the hope is that lithium-ion and, later, even more advanced batteries can both make electricity a viable transportation fuel and help fill the gaps in the electrical grid that are currently stifling the implementation of renewable energy sources. Already companies are building tractor-trailer size lithium-ion battery banks and hooking them up to wind and solar farms. The ability to store intermittent sources of energy like these (the sun goes down at night, the wind doesn’t always blow) makes them vastly more practical and affordable as alternatives to polluting sources such as coal.

This is the kind of transformation that the scientists who laid the intellectual foundation for the rechargeable lithium battery had in mind. They were motivated by both scientific curiosity and big-picture social concerns. They began working on the vexing problem of energy storage more than four decades ago, in an age of scarcity and uncertainty much like our own.
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FALSE START


We have only two modes—complacency and panic.

—James R. Schlesinger, first U.S. secretary of energy



Within four decades of the gas-powered car’s victory over the electric vehicle, air pollution in many world cities had reached life-destroying concentrations. This wasn’t all the automobile’s fault. The clouds of smog that sometimes got trapped in temperature inversions over New York or London and killed anywhere from a few hundred to a few thousand people—smokestacks were largely to blame for those. But cars were a major part of the problem. In Los Angeles, where residents occassionally had to wear gas masks indoors, the automobile was the primary culprit. Unfettered tailpipe emissions reacted with sunlight and transmogrified into a photochemical death cloud that could hang over the city for days or weeks at a time. In 1950, when a Caltech professor identified automotive tailpipe emissions as the main source of smog, there were a half million cars in LA, which is why Los Angeles County’s efforts to crack down on industrial pollution in that decade did approximately nothing to solve the problem. The number of cars continued to grow. By 1966, the 3.75 million cars in Los Angeles County produced 90 percent of the 13,730 tons of air pollution emitted each day. Certain plants—spinach, orchids—could no longer survive
in LA. The problem wasn’t confined to Los Angeles, however, nor to just LA and the dense urban belt between Washington, D.C., and New York City. Certain air-quality measurements in Chicago registered high enough concentrations of carbon monoxide to turn a sober driver into a gas-drunk danger. In 1966, a group of orbiting American astronauts tried and failed several times to take a snapshot of their home base in Houston because the city was too obscured by smog.

In 1961, California began requiring that new cars sold in the state come equipped with a system that would send fumes containing unburned fuel back into the engine where they would combust rather than escape through the tailpipe. It didn’t make much of a difference. By January 1967, when Time published a cover story on air pollution called “Menace in the Skies,” a California state public health official told the magazine, “It is clearly evident that between now and 1980 the gasoline-powered engine must be phased out and replaced with an electric-power package.” He clarified: the state needed to “serve legal notice that after 1980 no gasoline-powered motor vehicles will be permitted to operate in California.”

Before long the backlash against the internal combustion engine intensified to a level that is difficult to imagine today. That’s the difference between smog—pollution that hangs in the air, visibly choking American cities—and invisible pollution by carbon dioxide, which will wreak an indeterminate amount of destruction on the planet some decades in the future. When people can’t breathe, they get desperate, and by the time Congress began debating the Clean Air Act of 1970, anti-auto sentiment had grown fierce. In California, one state legislator proposed the outright banning of the internal combustion engine.

By then, the geopolitics of petroleum production had also become nightmarish. Oil-exporting countries had begun rewriting contracts, demanding bigger cuts, raising prices, and in some cases nationalizing the Western oil companies operating on their soil. The dynamic had been building for years, beginning with the 1956 Suez Crisis, in which the Egyptian leader Gamel Abdel Nasser lashed out at his nation’s former occupier, Britain, by seizing control of the narrow waterway through which the majority of its Iranian oil traveled. A more recent
memory as the 1970s began would have been 1967’s Six-Day War, when Egypt, Jordan, and Syria tried to destroy Israel with a combination of bullets, bombs, and the “oil weapon.”

Global conflict and pollution aside, Americans were already burning an unsustainable amount of oil. Gasoline shortages began early in 1973, the result of mismanagement rather than international emergency. In April of that year, President Nixon gave the first presidential address on energy. Late that summer, oil began selling for more than the official posted prices. “It was a decisive change, truly underlining the end of the twenty-year surplus,” the oil historian Daniel Yergin wrote.

Then in October 1973, when Egypt and Syria once again attacked Israel and persuaded the oil-exporting countries of the Middle East to levy an oil embargo against the United States, a lifestyle-threatening crisis began. Before the Arab oil embargo, in October, oil was $3 a barrel (in 2010 dollars, about $15). Soon, there simply wasn’t enough to go around. By February of the following year, one-fifth of the gas stations in America would run dry.

 


When the oil crisis hit, the interest in electric cars that had been revived by the smog plague grew frantic. The problem was that no battery technology could match the versatility and the power of the modern gasoline engine. Electric cars had to compete with sixty years of refinements to the internal combustion engine. Some of the batteries available in the early 1970s could power a small electric car for a minimally acceptable distance, provided the driver never wanted to climb a steep hill or get on the freeway. Some batteries could dump electrons quickly for a sudden boost of power, but then they were all but shot. The available technology would power only the saddest, most anemic electric cars—nothing that would impress the drivers of the day.

At that moment, however, a small international network of scientists was shaking battery science out of a long stagnation by applying the same theories and methods that had yielded the transistor and the integrated circuit. The Stanford University laboratory of Robert Huggins was the seat of this reinvigorated research, and the graduate students
and postdocs who passed through it in the late 1960s and early 1970s would go on to reinvent the field.

In 1965, Huggins had gone to the Max Planck Institute in Germany to study with a professor named Carl Wagner—the first scientist to specialize in the movement of ions (charged atoms or molecules) in solids. This sounds like a parody of an overly narrow scientific subspecialty, but in fact it was a rich vein of inquiry. The realization that ions could quickly dart around inside solid materials, almost like atoms floating in a liquid, had enormous implications for battery science. Previously, battery research had assumed that the important reactions inside a battery occurred on the surface of electrodes. Picture a plate of lead dipped in an acidic electrolyte. The reactions that make that battery run happen at the surface where the liquid electrolyte touches the solid plate; the lead inside the plate is just there, adding weight. What if you could engineer reactions that happened inside a solid electrode? That would change things dramatically. And that’s exactly what solid-state ionics, as the study of ion movement in solids is called, did. “If you can store ions inside these materials, rather than just having reactions on the surface, you have the possibility of much greater capacities,” Huggins said. Huggins didn’t have batteries in mind when he went to study with Wagner, but he happened to return to the United States at the moment that battery-powered cars began to seem like the solution to multiple major problems. “I came back with a whole new set of tools, ways of looking at things that I hadn’t had before,” he said. “And not long after I got back here, this announcement came from Ford Motor Company.”

In 1967, Neil Weber and Joseph T. Kummer, researchers at Ford’s Dearborn, Michigan, campus, invented a battery that was a radical departure from tradition—the inverse of everything that had come before. Unlike the 12-volt lead-acid starter batteries used in conventional cars, which immerse solid electrodes in a liquid electrolyte, Ford’s new device would do the opposite: the electrodes would be liquid and the electrolyte would be solid. To be more precise, both the positive and negative electrodes (commonly called the cathode and the anode, respectively) would be molten: one made of sulfur, one made of sodium, both heated to 300°C and separated by a solid ceramic electrolyte. In a conference paper, Huggins called it a “revolutionary” approach.


Ford’s unusual electrolyte—the medium that separates the positive and negative electrodes, allowing ions to move between them while preventing the transfer of electrons—fascinated researchers most of all. The cheap, ceramic form of aluminum oxide called beta-alumina had been around for several decades, but until Ford repurposed it as an electrolyte, no one had ever given it much thought. To the human eye, beta-alumina is a glistening white solid, but on a molecular level it’s like a high-rise building with no stairs; sodium ions occupy each floor, but they can enter and exit only through the windows. Putting beta-alumina at the heart of a new type of battery broke a long-standing logjam. “The sodium beta-alumina was a shock to everybody,” Huggins said. “This is so different from all the battery stuff that had been going on for a long time that it was really interesting.”

Researchers in academic and industrial labs around the world turned their attention to beta-alumina, Huggins’s group included. In Huggins’s stable was a young postdoc named Michael Stanley Whittingham. Straight out of a doctoral program at Oxford, Whittingham arrived at Stanford University in 1968, a year after the Ford announcement. At Oxford, he did his master’s thesis on materials called tungsten bronzes, which conducted both ions and electrons and seemed, among other things, like promising catalysts for turning coal to gas. Shortly after his arrival in Palo Alto, Whittingham’s group decided to try to find out exactly how quickly ions could move through Ford’s beta-alumina electrolyte. To do so, they needed to make an electrochemical cell, and in this case that would require a particular kind of electrode material.

Whittingham’s bronzes would work perfectly, because they were insertion compounds, or what in later years would come to be called intercalation compounds. “Intercalation” traditionally refers to the insertion of an extra day into the middle of a calendar—the addition of February 29 to a leap year, for example. In this context, “intercalation” describes a class of crystalline materials that ions can be inserted into without changing their underlying structures. On a molecular level, these bronzes were filled with tunnels, and in the right kinds of chemical reactions, ions can be “inserted” into these tunnels and then yanked out again, repeatedly, without altering the structure of the insertion
compound itself. Those experiments were strictly academic, but they were essential for building the knowledge that would soon deliver the world’s first rechargeable lithium battery. “Things were exciting. Things were going on,” Huggins said. “The integration of solid-state electrochemistry into areas of application like batteries and fuel cells—that was brand-new.” The work was fundamental, but the people in Huggins’s lab had idealistic goals. As Michel Armand, one of Huggins’s graduate students from that era, said, “I bought an old car, which was of course a whale on wheels, making something like four miles per gallon in the city. I was from this time convinced that we had to do something with transportation.”

By 1972, enough international scientists were working on solid-state ionics that it was time for a conference. That September, Huggins, Whittingham, Armand, and eighty others gathered in the alpine village of Belgirate, Italy, a hamlet in the mountains north of Milan, where they shared ideas on putting ion transport to use building batteries and fuel cells. Most of the attendees were in their thirties and forties, but there was also an old eminence among them: Carl Wagner. “We were all very pleased he was there,” Huggins said.

Gathered a little more than an hour’s drive from Alessandro Volta’s hometown of Como, the Belgirate delegates talked about every exotic battery chemistry they could imagine in those days: sodium sulfur, lithium sulfur, lithium aluminum iron sulfide, zinc bromine, lithium chlorine. They discussed the feasibility of magnesium oxygen, sodium oxygen, lithium copper fluoride, and zinc silver dioxide. They lusted after the most theoretically promising candidates of all: the “metal-air” batteries—zinc-air, magnesium-air, aluminum-air, sodium-air.

It was a foundational meeting, the beginning of a narrow subsub-discipline that would have an outsize influence on the world. A yellowed black-and-white photo from the conference proceedings shows the group posing before a stand of conifers, a class picture of a scientific community that didn’t yet realize it existed. Today the living members of that delegation are the dons of the academic battery-research scene, the old-timers who after forty often frustrating years have finally seen their work vindicated.


 


 



By the time of the Belgirate conference, industrial research into electric drive and advanced batteries was expanding rapidly. In 1972, GM, Ford, Chrysler, and American Motors were all working on electric cars. So was Toyota. So was a coalition of eight German companies that included Daimler-Benz, VW, Bosch, and Siemens. So was Fiat. So were national efforts in Japan, France, and England. As for batteries themselves, in addition to university-based programs, scientists at Argonne National Laboratory, Bell Labs, the Electric Power Research Institute, Dow Chemical, and General Electric were all scouring the periodic table for the solution to the battery problem.

Oil companies were at it too, including the largest of the so-called majors: Exxon. The oil giant believed that in a few decades, most likely after the turn of the millennium, petroleum production would peak, and that the time to diversify was now. They did so by starting a division called Exxon Enterprises, which operated like a venture capital firm. With the backing of the richest industrial company on the planet, Exxon Enterprises attempted to break into businesses as diverse as office equipment, nuclear reactors, and solar panels.

Then as now, Exxon prided itself on being run by engineers, and for the new venture they raided all the best schools, hiring the brightest technical minds they could find and assigning them to basic research that could be applied to any number of new inventions. Michael Stanley Whittingham was one of them.

Just after the Belgirate conference, Exxon Research and Engineering lured Whittingham to the grim industrial corridor of eastern New Jersey. With practically unlimited research funds, his job was to conduct fundamental research on everything energy related except oil. In a small laboratory in Linden, with a refinery staring at them from across Routes 1 and 9, he and his colleagues were to perform the research that would keep Exxon in the black once the pipes across the street were empty.

First, Whittingham and a few colleagues went to work on superconductors, the idea being that if you could find a material that conducted electricity with no resistance at room temperature, then (theoretically) you could dramatically increase the efficiency of any electrical system,
not to mention build an entirely new generation of electronics. They started by injecting ions into tantalum disulfide (TaS2), which at the atomic level is like a crystalline sandwich, with an empty spot (called a “galley”) in the middle where ions could go. Sometimes, those ions could make tantalum disulfide do interesting things. Normally the material became a superconductor at 0.8° above absolute zero. With potassium ions inserted into those galleys, however, that temperature increased significantly.

Whittingham began treating various materials with potassium hydroxide, trying to understand why adding potassium ions to tantalum disulfide raised its superconducting temperature. In the process, he noticed that TaS2 injected with potassium had an extremely high “free energy of formation”—that each molecule had a lot of energy tied up in its chemical bonds. Soon he and his colleagues had an idea: “We said, ‘Hey, we can store energy in this,’”Whittingham said. When Whittingham’s team told their superiors that they might have the raw materials for a new, powerful battery, the managers at Exxon immediately jumped to the idea of an electric car.

Whittingham’s group realized that tantalum was too heavy to go into a battery, so they decided to replace it with the lightest transition metal, titanium. Soon they were experimenting with titanium disulfide (TiS2), another molecular sandwich structure. Paired with the right negative electrode, titanium disulfide could make a battery with a theoretical energy density of up to 480 watt-hours per kilogram, more than twice what was generally accepted as necessary to power a viable electric car. And titanium was an ideal ingredient—it was light, abundant, and an excellent conductor of electricity. They initially tried pairing TiS2 with a negative electrode made of potassium, but potassium was extremely hazardous to handle. Instead, Whittingham turned to lithium.

Whittingham said that lithium came to mind because Japanese fishermen had recently begun using lithium-based primary (nonrechargeable) batteries on fishing floats so they could see their nets at night. Still, the idea of a rechargeable lithium battery had been in the air for a while. It had come up at the Belgirate conference, and Sohio (another oil company), General Motors, and Argonne National Lab were all working on lithium-based batteries around the same time. The difference was that
all of those projects involved extremely high temperatures—designs similar to that of Ford’s sodium-sulfur battery, which used molten electrodes and as a result had to be kept impractically hot.

It didn’t take long for Whittingham and Exxon to realize the promise of what they had created. Of all the competing chemistries available in those years, theirs was the only lithium-based compound that worked at room temperature. And so when Whittingham crossed the Hudson into Manhattan and presented his work on lithium batteries to a committee of Exxon board members in the company’s fortresslike Sixth Avenue headquarters, it was an easy sell. At the time Exxon was eagerly expanding into alternative businesses. The technology seemed like a breakthrough. The project fit perfectly with Exxon’s desire to move into electronics and alternative energy. The answer came quickly: let’s put some money into it.

 


Manufacturing Whittingham’s battery fell to a man named Bob Hamlen, a self-professed battery geek. Before the call came from Exxon, he was head of electrochemistry at General Electric, and he experimented with batteries in his spare time. In 1973 he moved from upstate New York back to his home state of New Jersey and began reporting each day to Linden, where he set about scaling Whittingham’s creation into a meaningful business.

The biggest question when Hamlen arrived was what to use for an electrolyte. In batteries that operate at room temperature, most electrolytes are a solution of two materials: a liquid (the solvent) and a salt (the solute). For the battery to work in cold climates, the liquid must have an extremely low freezing point—in the neighborhood of 30°C below zero or, if possible, even lower. It must be an electrical insulator (something that doesn’t conduct electricity) to keep the ionic reaction and the electronic reactions separate, to force electrons up and out of the battery. Finally, it has to dissolve a salt that breaks down into the right kind of ions needed for the electrochemical reaction, so the salt, which Hamlen’s group also had to find, had to match the solvent perfectly.

Hamlen’s group started by dissolving lithium perchlorate in dioxolane, a clear, combustible organic liquid. When lithium perchlorate dissolves
positively charged lithium ions break away from the negative ions—in this case, beautifully symmetrical clusters of chlorine surrounded by four oxygen atoms. If the temperature spikes because of a short circuit, all that oxygen can react with the hydrogen and carbon in the solvent. This fact, along with the inherent volativity of the metallic lithium anodes used in Whittingham’s battery, kept the lab work interesting. After several visits to the Linden lab, the fire department threatened to make Exxon pay for the special chemicals required to put out lithium fires.

Soon, a researcher on Hamlen’s team developed a solute that worked well enough that the company decided to show off its progress. Hamlen’s group built several test batteries and sent them to a Society of Automotive Engineers conference in Chicago. “You can’t ship lithium on a plane, so we sent a guy on the train to take ’em out there,” he said. While their colleague was in Chicago putting on a show, Hamlen and a colleague discovered something unfortunate: their new electrolyte was slowly decomposing, emitting gas that was almost certainly building pressure inside the same batteries that the members of the Society of Automotive Engineers were supposed to be marveling over. Worse, the gas that was bubbling up inside was diborane, which bursts into flames upon contact with moist air.

“I think back at some of the dumb things you do,” Hamlen said. “We called and said, ‘Take the cells back to your room each evening.’” Fortunately, they had installed a small vent on the top of each cell. “‘Carefully unscrew the vent a little bit until the gas pressure gets relieved. But get your hands out of the way, because it’s going to catch fire as soon as it comes out.’”And so each day, Exxon’s man in Chicago would show off the company’s breakthrough rechargeable lithium batteries. Then each night, back in his hotel room, he would carefully twist the top off each battery and watch as a fireball leaped out.

The next electrolyte they tried was safer, but there was a tradeoff: the calmer electrolyte made for a less powerful battery. They had also replaced the volatile metallic-lithium anode with aluminum, making the battery safer yet. The group had made enough progress that by 1976 it was time to go public. That year Whittingham published a landmark paper on the LiTiS2 battery in Science. Exxon opened a developmental facility in Branchburg, a small town thirty-some miles west of the industrial
squalor of East Jersey. Their headquarters was the first occupant of the freshly bulldozed Branchburg Industrial Park. Exxon, king of oil, was in the battery business.

 


By 1976, the battery industry seemed to be on the verge of a boom. The previous year Forbes had declared the battery business, “of all things,” to be “one of today’s hottest items.” In 1976, Congress passed the Electric and Hybrid Vehicle Research, Development and Demonstration Act, which aimed to stimulate the production of serious alternatives to the gasoline engine. Interest in electric cars and the batteries to power them was so urgent that Congress passed the bill over President Gerald Ford’s veto.

In October 1976, an article in Forbes declared that “despite present—and formidable—problems, the electric car’s rebirth is as sure as the need to end our dependence on imported oil.” Industry publications were brimming with confidence too. According to Chemical Week, “After a hiatus of almost 50 years, electric vehicles are poised for a comeback … And this time, electric vehicles have a reasonable chance of forging a competitive niche in both commercial and passenger vehicle areas.”

Exxon began talking loudly about its fears for the future of oil and its hope for new sources of energy. The oil industry was so badly disrupted that some journalists began speculating about Exxon’s ability to even survive. As Forbes put it, “Given two major trends, one geological and the other political and social, the mighty Exxon Corp. could be forced into at least partial liquidation within a decade … It probably won’t happen. But it could.” The primary reason was that oil seemed to be running out, quickly. “Unless the presently unexpected occurs, the world’s petroleum reserves are within a few years of their peak and will begin a slow decline to the point where oil and gas will be too valuable to use as energy,” the article continued. Instead, the world would have to use what oil was left in the ground for other petroleum products and find something else to power its cars.

George Piercy, the Exxon executive who ultimately oversaw Exxon Enterprises, was the leading delegate for the major oil companies during the disastrous nonnegotiations that preceded the first oil crisis. In
a Vienna hotel room in 1973, Piercy was the one to tell Sheikh Yamani, the Saudi oil minister, that the oil companies refused to pay the 100 percent increase OPEC was demanding. Piercy said that he simply did not have the authority to agree to OPEC’s demands. A price increase that steep would disrupt the economies of the consuming countries so greatly that he would have to consult with those governments before making any deal. Yamani picked up the phone and called his colleagues in Baghdad. He hung up, turned to Piercy, and said, “They’re mad at you.” When Piercy asked Yamani what came next, Yamani famously replied, “Listen to the radio.” A little over a week later, the Arab oil embargo began.

Piercy was therefore better aware of the precariousness of the oil companies’ position than perhaps any of his contemporaries. He recognized the need for alternatives, hence the company’s interest in batteries and motors for electric cars. Still, when the time came to start selling Whittingham’s battery, Exxon had to start small. Very small. Their debut product—the first rechargeable lithium battery ever to reach the market—was a duo of button-size cells intended to run a solar-powered “Perpetual Watch” that the Swiss company Ebauches (now part of the Swatch group) wanted to build. The battery division published a pamphlet aimed at commercial customers introducing their breakthrough battery. “This may look like an old familiar button cell battery,” read the text beside a coin-size silver disc. “It isn’t.” No, this was the result of “new advanced technologies in energy storage,” a novel approach that “provides one way for man to store the diffuse and intermittent light that reaches him from the sun.” Exxon was no longer just an oil company, the message went. “In a time of growing awareness of energy resources and needs, Battery Division is concerned exclusively with superior energy storage technology.”

The watch might not seem like an obvious first application for Exxon’s battery, but the arrival of the digital watch in Japan in the 1970s was in fact a subtle but important pivot point for battery technology—the moment batteries began to change from something that you kept in a drawer to something you carried around on your person. The digital watch was also the first widespread application for tiny lithium primary batteries. “The digital watch really brought the wearable battery, if you
like, to the mass market,” said Peter Bruce, a longtime lithium battery researcher at the University of St. Andrews in Scotland. “And I don’t think it’s a huge leap of imagination to envision other devices that require power that you might be carrying around.”

Exxon’s battery had never powered anything larger than some alarm clocks that the company used as promotional devices, but Whittingham, Hamlen, and the other true believers understood that this was the natural course of things. The technology would eventually scale up. And in the small-device market, Exxon’s battery had a few major advantages over its competitors. Nickel-cadmium batteries bled away their energy quickly; silver-zinc batteries died after being charged and discharged only twenty to twenty-five times. Exxon’s tiny, hermetically sealed cell had a higher voltage than its competitors and an intrinsic flexibility that meant that, in the “solar watch” that was the goal of many watch designers of the day, it could provide “the opportunity for indefinite watch operation without battery replacement.” As long as a solar cell kept charging the battery, it would essentially never die.

While Hamlen was working to scale up the watch-battery business, he evangelized for the long-term promise of the Exxon Compound, declaring it the basis for the most promising electric-vehicle battery yet. In a presentation at the 1978 meeting of the American Association for the Advancement of Science, he said, as paraphrased by the trade publication Chemical Week, that the battery “may be the most desirable power source for future electric autos from the standpoint of cost and efficiency,” and that “projected performance levels of the battery should make it possible to build a two-passenger electric vehicle, with an urban driving range of 100 miles, at a cost of approximately $5,000.”

Exxon was moving into the electric-car business on other fronts as well. In 1979, the company spent $1.2 billion to buy Reliance Electric, a manufacturer of electric motors in Cleveland. An electrical engineer at Exxon Enterprises had created what the company called the alternating-current synthesizer (ACS), a controller for AC electric motors that enabled one to vary the speed of the motor for maximum efficiency. Exxon made bold claims for the ACS and used it as justification for acquiring Reliance, which the Department of Justice, in trust-busting mode, wanted to prevent. ACS, Exxon argued, could eventually become
standard equipment on the millions of electric motors that run industrial fuel pumps, compressors, fans, and blowers. As The Economist put it, “What Exxon is saying is that, if half the industrial motors in the 1–200 horsepower class in America used its new type of controller, by 1990, that would save the country the energy equivalent of 1m barrel of oil a day.” In other words: “The largest of the seven oil majors is gearing up for the day when oil begins to run out.”

They were indeed. The problem was simple: “We’re not finding as much oil as the world is using,” Exxon’s chairman, Clifton Garvin, told BusinessWeek in July 1979. “In the long term, I’d say that you don’t ignore any source of energy. We can’t go back to the complacency of two years ago.”

Exxon in those days had a soft spot for synthetic hydrocarbon fuels—shale oil, gasified coal, and the like—but Garvin made it a point to emphasize the inevitable importance of the electric car. Exxon had no desire to build electric cars itself, he said, but through Reliance, he hoped to supply the motors, and through the Battery Division, the power. “I happen to believe that somewhere down the road, in 30 or 40 years, we’re going to be fundamentally an electrically based society,” he said, “and we’re all going to be tooling around in electrical cars.”

By October 1979, the electric car seemed to be on the cusp. Fortune ran an upbeat piece pegged to developments at Exxon and GM headlined “Here Come the Electrics.” GM had announced a new battery, a zinc-nickel-oxide power pack that it was putting in a car called the Electrovette—a Chevette with a backseat full of batteries and a hundred-mile range (provided you didn’t drive faster than 50 mph). Exxon had by then built a prototype hybrid gas-electric car, a converted Chrysler Cordoba. The company reiterated its desire to sell motors, not build electric cars, and as Fortune snidely noted, “That may be just as well. It is not in G.M.’s league in marketing savvy.” Whereas GM made a point of sexing up its science project by calling it the Electrovette, “Exxon refers to its car as the ‘prototype, hybrid electric vehicle.’”

 


Faster than it came together, the electric-car surge fell apart.

First came the recession of 1979–1980, which sent Exxon and everyone
else into cost-cutting mode. Unprofitable expansions into solar panels and batteries quickly came to be regarded as unaffordable diversions from the core objective of the day, which was survival. “It was a period of turmoil within Exxon Enterprises,” Bob Hamlen said. “Eventually they came to the conclusion that they only wanted to get into products that had the potential to be a billion-dollar business, and if you come right down to it nothing will meet that criteria.” Nothing, that is, except oil.

Hamlen’s team was still conducting tests with Ebauches when he attended a meeting that sealed the division’s fate. “After one presentation where we said, ‘Something like this could be a neat $50 million business, but it’s tough to make it a billion,’ they said, ‘Hell, if that’s the case we don’t want it. We’ll sell it off and license it out.’ Which is exactly what they did.”

Hamlen’s job was now to dismantle the Battery Division. Exxon licensed Whittingham’s technology to three companies: one in Japan, one in Europe, and one in America. The American company was Eveready, at the time owned by Union Carbide. Eveready engineers suddenly found themselves in possession of boxes filled with Whittingham’s data.

If recession and a slump in oil sales painted a target on the various ventures of Exxon Enterprises, the subsequent oil glut buried them for good. By 1986, oil was again below $15 a barrel, and supplies appeared to be steady as far ahead as anyone was willing to think. Governments and oil companies hadn’t just started building batteries and solar cells during the oil shock. They also scoured the rest of the planet looking for more petroleum, and they found it—major reserves in the North Sea, Alaska, and Mexico. Britain, which was nearly choked to death by the crisis in the Suez, had become an oil-exporting country. Moreover, the conservation efforts put in place in America in the mid-1970s worked spectacularly; the American Corporate Average Fuel Economy (CAFE) requirements, which set average gas mileage standards at 27.5 mpg, saved two million barrels of oil a day between 1975 and 1985. And because oil companies had hoarded petroleum throughout the crises of the 1970s, there was more than enough to go around. New exploration, conservation, and hoarding all conspired to ensure that by the mid-1980s,
national labs and major corporations had lost all interest in developing alternatives to oil.

The repercussions of Exxon’s decision reached far beyond that one company. “When Exxon stopped, the federal government in their ignorance decided, ‘If Exxon’s not doing it, it’s not worth doing,’”Whittingham said. “Other companies did similarly. Instead of saying, ‘Well, why did Exxon stop? Here are the technical issues, we should now take time to address them.’”

The election of Ronald Reagan in 1980 put a temporary end to government interest in alternative energy. “If Reagan had continued the programs the Jimmy Carter administration started, we’d be a lot further ahead,” Huggins said. “But that didn’t happen, and so we had this hiatus.”

The lack of industrial and governmental funding put advanced battery research on hold. “As money disappears, professors do something else,” Huggins said. “If you want to support your graduate students, you have to get money. And money comes in the U.S. mostly from government, so what the government’s interested in has an immense amount of influence over what goes on. You see examples of this all over the place. If you look at electrical engineering, you’d find there was tremendous activity on lasers for many years. Why? The military was interested in lasers. People go where the money is.”

“Reagan came in and cut back energy efficiency and renewable energy programs by something like eighty percent,” Elton Cairns, who at the time was working on advanced battery research at Lawrence Berkeley National Laboratory, told me. “All labs, including ours, suffered layoffs as a result. The reduction in funding occurred something like overnight. That pretty well put an end to the significant involvement in DOE labs in battery and fuel-cell programs at that time.”

By the time the false start of the 1970s came to an end, the intellectual advances of those urgent years had failed to translate into commercial breakthroughs; the best batteries on the market that year could store 30–35 watt-hours/kg, making them five hundred times less energy-dense than gasoline.

At Exxon, Clifton Garvin drifted into the complacency he had warned against eight years earlier. “We’re not interested in being in businesses
long-term that don’t meet the kinds of return criteria we see in oil and gas,” he told Fortune in 1984. That same year, General Electric canceled its research into sodium-sulfur batteries. “Without a market, what’s the sense of development?” a GE researcher told Chemical Week. At the time, Elton Cairns explained the dynamics of the battery business to Chemical Week in a simple formula that remains true to this day: The key to the feasibility of advanced batteries of all types is the price and supply of oil.

Decades later, after the lithium-ion battery had put GPS-enabled, satellite-linked computers in every middle-class pocket, had begun to make the long-standing dream of an electric car a reality, and had been widely cited as the key enabler of a clean-energy future, Bob Hamlen told the story of his time at Exxon with an audible tinge of regret. “Now there was one thing,” Hamlen said. “I talked to Stan [Whittingham]—we looked back and we think to ourselves: Why on earth did we never mix the lithium with carbon? Which, as you know, is what made the current lithium-ion batteries feasible. Well, that’s easier said than done because it takes particular kinds of carbon, and it might not have been so easy to identify without some past experience …

“I have my own personal saying, which is that quantum jumps are only in the eyes of the uninvolved. If you look carefully at every advance that’s ever been made that gets reported as a big leap, you find that people involved have been doing this for a long time. I know a lot about it.”
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