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INTRODUCTION

Plotters

Racing to Create the Green Wealth Machine

WE ARE IN A RACE AGAINST TIME. Newspaper and magazine articles, television specials, and film documentaries all predict a terrible future: global warming will bring to the world melting ice sheets, flooded coastal regions, powerful hurricanes, droughts, and dislocated populations. In a recent study, the Pentagon described the famine, widespread rioting, and even war we can expect as nations defend their dwindling food, water, and energy supplies.1 And the effects will not fall evenly: poor people will suffer most. Sectors of the economy heavily dependent on fossil fuels—autos, utilities, chemicals, construction, and others—will have to transform themselves. In the words of the early-twentieth-century economist Joseph Schumpeter, we are heading for an age of “creative destruction” unlike any since the Industrial Revolution.

The debate is over; the climate is disastrously changing because human beings turn out so much carbon dioxide and other greenhouse gases.2 And the pace of the atmosphere’s decline is much faster than the scientific community believed it would be. In late 2007, Rajendra Pachauri, director of the Nobel Prize–winning Intergovernmental Panel on Climate Change (IPCC), said, “What we do in the next two to three years will determine our future. This is the defining moment.”3 According to a recent IPCC report, the world must stabilize emissions of greenhouse gases by 2015, begin to reduce them shortly thereafter, and largely free itself of carbon-emitting technologies by midcentury.

There are also urgent practical reasons to take quick action. A green economy will lessen our dependence on foreign oil and the political risks that go with it. In any case, the world’s oil supply will not last forever. North Sea and American reserves are already shrinking. Further dwindling of reserves will drive prices up and world economies way down.

Is there any good news? There is: a new, rapidly growing network of investors, entrepreneurs, corporate mavericks, and environmental activists is emerging. They hail from places such as the United States, Japan, Germany, China, and Brazil. Together they are marshaling the technology, the capital, and the management necessary to construct a new green economy. For these pioneers, the goal is to make money but to do it without spilling into the atmosphere the greenhouse gases that cause global warming. They are building what promises to be the biggest, most profitable industry of the twenty-first century—green technology.

To succeed, these innovators must find cheap, clean replacements for fossil fuels that enable economic growth without exacerbating global warming or severely eroding our standard of living. We’re looking for tomorrow’s oil substitute, the life blood of prosperity—but without the carbon. For the first time environmentalists are working closely with big business. For example, the Environmental Defense Fund, one of America’s most influential advocacy groups, has added a staff position in Bentonville, Arkansas, to advise Wal-Mart on reducing its greenhouse gas emissions. GE has invited top environmentalists to join its Ecomagination Board. Also for the first time, venture capitalists are assembling scientists and engineers from disciplines as diverse as genetics, microprocessing, and logistics to devise cross-disciplinary formulas for the next generation of fuels. When Craig Venter, the man who was instrumental in mapping the human genome, decides to dedicate his latest efforts to biofuels, it’s clear that something new is brewing.

In this book, we’ll meet the people who are creating the new business models and the cutting-edge technologies that are driving innovations like solar and wind energy, clean cars, practical biofuels, and energy-smart offices and homes. Some of this work, at this point in our history, may appear impractical, or too expensive, or counterproductive. But, though no single program is likely to solve the problem, taken together these emerging technologies are our best chance to reach a carbon-free future.

And such ventures may yield astounding financial opportunities. As John Doerr, a leading venture capitalist and an early backer of Sun Microsystems, Yahoo!, and Google, puts it, “Green tech is bigger than the Internet. It could be the biggest economic opportunity of the twenty-first century.”4 Energy is a $6 trillion global industry, and we’re talking about the emergence of a global, powerhouse industry that will take its place.

The boom is under way. While Europe holds the lead in the installation of solar, wind, and other sources of clean power, the United States has recently become the leader in green-tech investment. According to Ernst & Young, by the end of 2006, $100 billion had been invested in renewable technologies worldwide, with America, for the first time, leading the pack. The markets for technologies such as wind and solar are growing at more than 30 percent a year, and the consulting firm predicts that global investment in renewable energy could reach $750 billion over the next decade.5 As impressive as these numbers are, it is prudent to remember that green technology is in its infancy: from 2002 to 2006 ExxonMobil alone invested $80 billion in oil and gas exploration and refining. The green-tech revolution will have to grow many times over before it takes a meaningful place in the world economy. But there is real hope for rapid change given the recent steep trajectories of the computer, telecommunications, and Internet industries.

A Green Economy

What will a green economy look like? First, cars will radically change. Toyota predicts that in the near future we’ll be driving plug-in hybrid cars that are competitively priced and get at least 60 miles per gallon of gasoline. The company announced early in 2008 that such hybrids will reach the market by 2010. At least fifteen new electric car companies are vying to capture the market. As we will see, Tesla Motors is developing an electric sports car powered by lithium batteries that can accelerate from zero to 60 in four seconds, with a life of more than 200 miles between charges. For clean sources of energy to power these cars, desert solar plants are currently under development by a number of start-ups including BrightSource in California. Other entrepreneurs as well as big companies are at work on clean-power technologies from windmills to wave and tide power generators that harness the tremendous energy trapped in the world’s oceans.

Genetic engineers are perfecting techniques to produce ethanol economically and from sources other than corn, such as prairie grass and wood chips. Bioengineers are modifying plants to make them self-fertilizing and resistant to drought and pests. They are adding man-made microbes to this biomass, creating a fuel potentially cleaner and cheaper than corn ethanol. In fact, if plans go as predicted, non-corn ethanol may eventually capture a significant portion of the $300 billion annual U.S. wholesale gasoline market.

Richard Branson has pledged the next ten years’ profits from Virgin Airlines, an estimated $3 billion, to create the clean fuel of the future. Though he says he believes that this is “the right thing to do,” he adds, “I’m not doing it purely as a charity, I’m saying that if we can come up with the right fuels we’ll sell those fuels.”6 Branson has also created the Virgin Earth Challenge, a $25 million prize to anyone who can devise a commercially viable design that reduces man-made greenhouse gases from the atmosphere.

America’s 619 coal plants account for about half the nation’s CO2 emissions from energy generation. In an odd twist, Duke Energy, one of the largest coal plant operators in the country, is leading the way toward less power consumption and less reliance upon coal. Duke and eight other major utilities have adopted the radical “Save A Watt” program, under which utilities will charge customers for installing solar panels and energy efficient appliances and windows in their homes. Because of the resulting power savings, the homeowner will end up paying less because he uses less energy.

GE plans to invest $1.5 billion a year in clean technologies and has developed a coal technology that would make it feasible to store CO2 emissions underground. Such technologies are still more expensive than the methods they will replace and are almost certainly out of the reach of fast-developing, power-consuming nations such as China and India. A solution may be forthcoming from a company like GreenFuel Technologies that takes smoke emitted from a coal plant and runs it through giant translucent sacks filled with pond algae, thereby transforming up to 40 percent of the carbon into raw material for clean biofuels.

We will also examine the challenges of constructing home and office buildings that are easier on the environment. New structures in the twenty-first century promise to be energy misers compared with those we occupy today. A good current model is New York City’s Bank of America Tower, which uses half the energy of a conventional office building, has a superefficient air-conditioning system, features low-energy lighting, and is constructed of concrete made with recycled materials. The building costs only 3 to 4 percent more to build than a conventional skyscraper, yet its green features should pay for themselves in energy savings after only a few years.

Our homes and commercial buildings account for a significant portion of all the heat-trapping gases we generate. Can we power them with clean energy? Martin Roscheisen, the founder of Nanosolar, thinks so. He is one of a number of entrepreneurs developing a new kind of solar power called “thin film.” As we will see, Nanosolar believes its foil could be layered onto a conventional roof shingle that would generate electricity for your house when the sun hits it. The cost of powering a house would be less than traditional methods. Is this just a tinkerer’s pipe dream? As of this writing, Nanosolar has started to produce thin solar sheets at its factory in Silicon Valley.

Wind power now is as cheap as electricity generated from natural gas and is fast overtaking coal, the least expensive method of generating electricity. Electric utilities such as American Electric Power, FPL Energy, TXU, and Xcel Energy are ramping up their wind energy investments. Billionaire Warren Buffett, the CEO of Berkshire Hathaway, has invested heavily in windmill farms in the Midwest.

We seem to be amassing the technology, talent, capital, and business savvy to turn the world’s energy industries upside down. Such change is not unprecedented. We moved from an agricultural society to an industrial one in less than a hundred years. When the United States needed to build its war machine during World War II, the federal government transformed Detroit from a car-making center to a military manufacturing behemoth in under three years. That is the kind of effort we need now. Some environmentalists and politicians say that combating global warming will take the equivalent of an Apollo moon shot, which rallied the American people around an important cause. But the analogy is imprecise. The race to the moon was pursued irrespective of cost. The transition to a green economy must be accomplished by finding a cost-competitive substitute for petroleum. That’s a tougher challenge. Plus we must marshal forces to fight an invisible enemy whose effects mostly won’t be felt or seen for decades.

Climate change is not solely an American problem. Carbon emitted from Chinese coal plants warms the entire globe. Arctic melting will cause flooding in Boston Harbor and on a Pacific atoll. Water is scarce in Africa and Arizona. We need prompt international action and a worldwide resolve to curb greenhouse gas emissions. Most parts of the current Kyoto Protocol expire in 2012. It should be replaced with a treaty that sets tough greenhouse gas targets and includes both the United States and China. This will be a diplomatic high-wire act. The developing world believes that it has the right to use fossil fuels to build its economy—just as we did. As a result, the United States remains reluctant to join a new protocol without the compliance of the developing nations. And yet, if no one takes the initiative to change, what kind of world will our children inherit?

As we will later explore, one of the most politically palatable ways to curb emissions is what has come to be called a carbon cap and trade system: the world’s nations agree to ratchet down annually the total amount of carbon emitted globally and require companies to buy permits to burn fossil fuels. Coal, oil, and gas will thereby become more expensive as companies pay for pollution-control technologies to meet lower greenhouse gas levels. The good news is that by keeping the price of fossil fuels high, a cap and trade agreement will cut dramatically the time it will take for solar, wave, and wind to become more affordable. Also, a well-designed system could provide economic incentives for Western nations and corporations to provide clean technology to developing nations.

In the long run, wringing the greenhouse gas out of our economies may actually save money. The costs of a haphazard, laissez-faire approach will be enormous. But if the private sector, aided by a global cap and trade system, can keep driving down the cost of clean energy, the world’s economies may prosper as new green businesses and jobs outweigh the losses in the traditional energy industries.

According to Princeton’s Stephen Pacala and Robert Socolow, two centuries of burning fossil fuels to heat our homes, run our factories, and power our cars has raised the amount of carbon in our atmosphere by 35 percent to 380 parts per million. If the world economy keeps growing at its present rate, the amount of carbon in our atmosphere will triple by midcentury and cause catastrophic and irreversible climate changes, such as the disappearance of the Greenland ice cap.7 That would mean sea levels would rise more than 20 feet to submerge islands and the world’s coastal cities.

The scientific community believes we can avert catastrophe if the level of greenhouse gas in the atmosphere fifty years from now has risen only slightly from its current concentrations. Can that happen if, as predicted, the world’s population grows from 6 to 9 billion by 2050? Can that happen if the demand for energy jumps 50 percent by 2030, as we expect it will? Estimates vary, but most experts agree that the rich nations of the world must cut their greenhouse gas by as much as 80 percent by 2050 to avoid the worst consequences of climate change.

No one can predict precisely how the world will reach that goal. Pacala and Socolow have done the best work in this area, devising a road map to show that there are at least fifteen different solutions that could, in some combination, get us to a world that emits dramatically less greenhouse gas. The challenge is to deploy these technologies and strategies on a large scale. In the United States, strides made in energy efficiency—smart grids, LED lighting, more recycling, better building designs—could get the nation roughly halfway to that goal. The rest must come from improvements in our power plants and cars. Plug-in hybrid and all electric vehicles will cut the amount of greenhouse gases emitted. Solar, wind and wave, hydro, and geothermal technologies should be able to contribute significantly, perhaps supplying as much as 25 percent of our electricity by midcentury and even more if battery technology can be developed to store power on cloudy or windless days. Nuclear power, which exudes no greenhouse gas and currently provides the United States with 20 percent of its power, will, for better or worse, play a role. Coal now supplies half our electricity. There is no question about it. It must be cleaned up. Carbon-capture technologies, where the CO2 emitted from coal plants is buried beneath the ground, should eventually become feasible. New approaches, such as using algae to eat the carbon in coal exhaust, may also become commercially viable. Will we be able to develop the technologies fast enough to meet this goal?

This book attempts to answer these questions. But its investigations have also raised questions of social and economic equity. The United States, with less than 5 percent of the world’s population, emits a quarter of the planet’s greenhouse gas. The American consumer who lives in a McMansion, drives an SUV, and watches a plasma TV drinks up five times the energy as his counterpart in the rest of the world. And that discrepancy is even worse when you factor less-developed nations into the equation. Nearly 2 billion people today, or a third of the world’s population, have no access to affordable power. If China, India, Indonesia, and Brazil are to grow and prosper, they need a source of energy. For the earth to survive, the United States, Europe, Japan, and other rich countries must rely on energy from cleaner sources.

While this book is international in scope, it focuses on the United States, largely because we are the biggest greenhouse gas producers in the world and among the last of the industrial nations to press hard for change. Japan is already one of the globe’s most energy-efficient countries; France gets 78 percent of its electricity from nuclear power, which emits no greenhouse gas; Germany has been investing billions to build a solar and wind economy; and the Swedish government aims to cut its nation’s greenhouse gas levels by 30 percent from 1990 levels (that’s more than the European Union goal of 20 percent) by using mostly wind, hydro, nuclear power, and biomass to generate its energy.

What would a carbon-free America look like? We would conserve more. We would use renewable energy wherever possible. We would quickly clean up coal technology. We would explore the controlled use of nuclear energy. We would put an end to deforestation. We would increase government R&D spending to encourage the creation of new green technology at affordable prices.

Throughout the world small and large companies are working on clean tech. The pages ahead focus on the entrepreneurs and mavericks inside big corporations who are working on solutions, on those who have the best backing or the most promising technologies. Not all of them will succeed, and others not profiled here may leap to the forefront of their fields. The point is not to make bets on a horse race, but to show the ways in which existing technology may be used to solve the grave problem of global warming. We hear gloomy predictions every day. Perhaps here we can also discern some hope.
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Big Energy

We Can Put Seawalls Around New York

WHAT ARE THE OBSTACLES to cleaning up our planet? First, we must confront the idea that the American economy is inextricably entwined with the oil industry. Probably the most vivid illustration of this challenge came in the summer of 1979. Gasoline shortages were so severe that American drivers waited for as long as four or five hours to fill their tanks. The turmoil of the Iranian revolution had caused a slowdown in that nation’s oil production and helped push world prices to record highs. In the United States, stations closed on weekends for lack of supply. On the nightly news, viewers watched incidents of name-calling, fistfights, and worse. In Freemansburg, Pennsylvania, the wife of a gas-station owner was struck by a car that had been waiting in line. As the husband held his bleeding wife in his arms, motorists filled up and sped off without paying. Miami police arrested two thieves who drove into a gas station, parked over an underground tank, dropped a hose through a hole in the floorboard of their van, and pumped the precious liquid into a 350-gallon storage tank hidden in the back of their vehicle.1

Despite the high prices and fuel shortages, when a cardigan-clad President Carter asked citizens to turn down their thermostats and drive less, he was accused of fostering “an age of malaise.” Americans were vividly made aware of the risks of having an oil-dependent economy.

After Ronald Reagan defeated Jimmy Carter in 1980, oil prices began to fall, eventually reaching precrisis levels. America was once again hooked on oil. One of Reagan’s first symbolic gestures was to tear out the White House solar panels that Carter had installed. The oil crisis had presented an opportunity to transition to an economy driven by alternative energy. Solar and wind companies were being created. The Carter administration had invested heavily in synthetic fuels. But with the return of cheap oil, there seemed to be no appetite to move to unproven technologies.

The new president was sending a clear signal to the nation: the way to solve the energy crisis was not to develop clean technologies to replace fossil fuels; instead, the answer lay in finding and producing more coal and oil. Americans wanted sprawling suburban houses, big cars, and limitless air-conditioning. To meet those needs, a consortium of powerful politicians and industrialists, with remarkable efficiency, spent the next two decades turning an already oil-dependent nation into the planet’s largest consumer of fossil fuels, one that used nearly five times more than the world average.

Corporate giants such as ExxonMobil, Chevron, and ConocoPhillips created an infrastructure of tankers, pipelines, refineries, and gas stations so efficient that Americans can own 243 million cars and trucks2—more than two vehicles for every three citizens—and fill them up anywhere in the country in less than five minutes. Americans, in fact, consume more than a gallon of gasoline a day for every man, woman, and child. And that is in addition to the coal and natural gas we use.

Dominion in Virginia, Duke Energy in North Carolina, FPL Energy in Florida, and Pacific Gas & Electic (PG&E) in California built hundreds of coal or natural gas plants to heat America’s homes, cool its office towers, and run its factories. They helped to make our economy the largest in the world. Despite occasional blackouts, these power companies have been a model of industrial efficiency, providing electricity twenty-four hours a day during heat waves, droughts, storms, deep freezes, and blizzards.

Such abundance doesn’t come cheap. Over the last fifty years, the energy industry has invested hundreds of billions of dollars in power plants, refineries, and gas stations. As a result, American oil companies and utilities represent a staggering worldwide economic force. As of 2006, Fortune 500 oil companies alone generated nearly $1 trillion in sales and $88 billion in profits,3 and employed 299,000 people. America’s utilities generated $330 billion in sales and $24 billion in profits, and supported 400,000 jobs. That does not take into account the automotive industry, which depends on an unlimited stream of oil. The U.S. motor vehicles and parts industry chalked up $580 billion in sales in 2006 and employed 1.5 million people. In all, big oil, big power, and big auto represent roughly 15 percent of the U.S. economy and employ 2.2 million people, more than enough to populate the city of Houston.

The world’s thirst for energy grows each day. If we continue on our current course, the global oil, utility, and auto industries will produce and burn ever more fossil fuel and emit enough greenhouse gases to irrevocably change our climate. A private equity conference for the energy industry, held at New York City’s staid Union League Club in 2007, presented a stark picture of the world’s future need for oil and coal.4 John Rice, vice chairman of GE, was the keynote speaker that day. His division builds power plants and equipment; it also provides financial services for the energy industry and has annual revenues of $47 billion. Rice said, “We’ve never seen anything like the current global energy demand, and there are no signs of it abating. Demand is strong in China, India, South America, and the Middle East. In places such as China and Saudi Arabia, the governments don’t want blackouts or brownouts because the populations there won’t tolerate it. People see that the ‘haves’ have power and they want it too. Politicians who don’t address this will be voted out of office. Some two billion people in the world don’t have access to affordable power. All this will require big energy infrastructure investments.”

One participant estimated that in the United States alone $700 billion had been invested in energy to date and predicted that $800 billion more would be invested by 2020 in coal and nuclear power plants, in oil refineries, and in other fossil fuel infrastructure. As I listened to these numbers, I turned to a private equity banker sitting beside me and asked, “What about global warming?”

“We’re going to keep looking for oil and building coal plants unless people want to stop driving their cars and live in the dark and in cold houses,” he replied.

I pressed on. “What about melting ice sheets and rising sea levels?”

Without missing a beat, he said, “We can put seawalls around New York and the shores of New Jersey. We can afford to do that. The Dutch have lived that way for hundreds of years; they built walls to keep themselves safe from the sea.”

“But,” I said, “global warming is going to hit the Southern Hemisphere the hardest. The Pentagon is analyzing how to deal with the millions of refugees displaced by floods and famine who might head north toward the U.S. border.”

“Well,” said the banker, “I’m not saying it’s going to be pretty, but we can live with it.”

To avoid such a bleak scenario, today’s small scrappy clean-energy start-ups must grow big enough to compete against ExxonMobil and other huge conglomerates. In the meantime, Rex Tillerson, Exxon’s CEO, is determined to keep the world’s oil wells gushing far into the twenty-first century. A growing number of environmentalists, scientists, politicians, and investors are attacking big oil, urging these companies to pursue green energy on a massive scale. So far, there has been no significant response—though, for example, Britain’s BP now stands for “beyond petroleum.” BP, Royal Dutch Shell, Chevron, and other members of the big-oil fraternity have invested in biofuels, wind power, and solar power. Shell has put $40 million into Iogen, a maker of biofuels headquartered in Ontario, Canada. Yet it is hard to give too much credence to the sincerity of companies whose wealth derives from fossil fuels. John Melo, who ran BP’s massive gasoline distribution system in the United States before he defected to a biofuel start-up, explains big oil’s indifference to alternative energy: “The refiners care about one thing. They care about processing crude and making more products. They don’t care, and, as a matter of fact, they’re not very interested in what’s happening to renewable fuels. If anything, that is a distraction, something that gets in their way, and it shows up very, very actively in the attitude and in the investment choices they make.”

ExxonMobil’s case illustrates what he is talking about. Up until late 2006, the company’s leaders scoffed at the notion of global warming. Public documents show that Exxon gave money to organizations that publish papers, run Web sites, and write letters contending that global warming isn’t happening, or isn’t proven, or isn’t connected to human activity. The company says it has since stopped funding such organizations. At a 2006 energy conference Tillerson finally admitted, “We know our climate is changing, the average temperature of the earth is rising, and greenhouse gas emissions are increasing.”

But he is adamant about not investing any meaningful portion of the company’s massive R&D budget in alternative fuels. In a 2007 Fortune magazine interview, Tillerson said, “We’re only going to invest our shareholders’ money where we think they can get the kind of returns they expected when they invested their money with ExxonMobil.”5 It is clear that Tillerson simply doesn’t believe he can get the same kind of returns by investing in solar, biofuels, and other types of alternative energy that he can by pumping oil. The company is worried that if oil prices drop dramatically, as they did in the 1980s, alternative energy would turn out to be a bad investment. The company would rather put its scientists to work figuring out how to reduce CO2 emissions from oil and gas by improving gas mileage in cars, for example.

But there is more to worry about. While new sources of fossil fuel such as tar sands and oil shale might help meet our future energy needs, they would exacerbate global warming. Royal Dutch Shell, ConocoPhillips, Chevron, and Imperial Oil, which is owned largely by ExxonMobil, have received permits for massive tar sands projects in Alberta, Canada. This plentiful, carbon-rich fuel can be found in an area the size of Florida in the western United States and Canada. Geologists estimate that tar sands constitute the second largest oil reserve in the world after what lies beneath Saudi Arabia. But mining these vast fields will lead to environmental degradation. Furthermore, processing and burning a barrel of tar sands emits as much as 40 percent more carbon dioxide than a barrel of oil. Oil shale, which can also be converted to fuel, generates twice as much greenhouse gas as oil.6

Converting the world’s electric grid to clean energy won’t be easy, either. Most large utility companies have plans to build new CO2-spewing coal plants. In the United States alone, power producers have 150 such plants on the drawing boards. Coal plants provide half of America’s electricity,7 and the country has at least a two-hundred-year supply of coal, now the cheapest fuel used to generate power. Without government incentives to clean up its act, the utility industry will keep building dirty coal plants. A few companies are working on a technology that enables the carbon from coal plants to be buried and stored underground (see chapter 7). But this expensive, difficult technology isn’t likely to be pursued under current market conditions. If burning carbon is free, why would a utility pay to put it underground?

The Hail Mary Pass

The size of our global warming problem requires a large-scale solution. To meet that challenge, a small group of scientists and entrepreneurs is pursuing what they call geoengineering. In the fall of 2007 they met at the American Academy of Arts and Sciences in Cambridge, Massachusetts, to discuss ways to mitigate climate change by altering the environment. Geoengineering ideas included seeding the oceans in order to increase algae uptake of CO2, injecting chemicals into the upper atmosphere to cool the poles, blocking sunlight by making clouds more reflective, and stationing heat-deflecting mirrors in space.

These schemes, however, are the scientific equivalent of a Hail Mary pass—to be pursued only after all other earth-bound solutions have failed. After all, tinkering with a complex system such as the biosphere can generate unintended consequences, and not necessarily positive ones. One of the more popular ideas is to use the oceans to gobble up the excess carbon in the atmosphere. Plankton absorb the carbon dioxide: increase their number and you increase the amount of greenhouse gas that gets sucked out of the air. German researchers testing the waters off the Raune fjord in southern Norway added increasing amounts of carbon to the water and found that plankton were able to consume 39 percent more of it than they normally do without draining the waters of nutrients. British scientists James Lovelock and Chris Rapley have proposed to float in the ocean giant pipes that would pump cold, nutrient-rich water from the depths. This would trigger more algae to bloom on the surface and suck greenhouse gas from the air.8 Climos, a small California firm, wants to pour tons of iron dust into international waters.9 Iron is known to spur plankton growth, which in turn would absorb more atmospheric CO2.

These projects have drawn criticism from environmentalists and members of the scientific community who believe that the law of unintended consequences might come into play. Such planetary engineering could be harmful, even devastating, to the marine ecosystem—runaway algae growth could starve huge sections of the ocean of oxygen. The UN’s Intergovernmental Panel on Climate Change said that ocean fertilization and other geoengineering schemes are “largely speculative and with the risk of unknown side effects.”

If the oceans aren’t a solution, what about tinkering with the atmosphere? Nobel Prize winner Paul Crutzen of Germany’s Max Planck Institute proposes firing into the upper atmosphere heavy artillery shells that explode and release sulfur. In another scenario he suggests dropping the sulfur particles from overhead balloons. The model for this scheme is the 1991 eruption of Mount Pinatubo in the Philippines. The huge plume of sulfur dioxide that was released cooled the earth by almost 1 degree Fahrenheit the following year.10

Roger Angel, University of Arizona Regents Professor and director of the Steward Observatory Mirror Laboratory, wants to place into orbit a cloud of small disks that would reflect the sun’s heat back into space. Angel received a NASA grant to explore his plan to launch trillions of transparent sheets two feet in diameter and 1/5,000 of an inch thick to a point in space where they would be held in place by the equal pull of the earth’s and sun’s gravitation. Together they would form a cylindrical cloud some sixty thousand miles long. He estimates that the cloud would reduce the sunlight on Earth’s surface by 2 percent, enough to offset the warming produced by a doubling of atmospheric carbon dioxide. Building such a cloud would be an expensive, daunting task. NASA would have to launch a stack of Angel’s transparent sheets every five minutes for ten years to put the whole structure in place.11 However, Angel argues that space mirrors “could be developed and deployed in about twenty-five years at a cost of a few trillion dollars. With care, the solar shade should last about fifty years. So the average cost is about $100 billion a year, or about two-tenths of one percent of the global domestic product.”

Both Angel and Crutzen stress that their plans are emergency options, to be used only if all earthbound options fail. Our climate is a very complex system, and it would be difficult to gauge the consequences of lowering the earth’s temperature even a couple of degrees. Who would decide what the ideal temperature is? Would we design an environment that would most benefit the Russians, the Chinese, or the Americans? Anyone who has argued with a spouse over what temperature to set the air-conditioning knows the trouble this could cause.

To hedge our bets, we should encourage scientists to pursue these imaginative lines of research. In the meantime, some of their earthbound colleagues are trying to design an economy that will allow people to prosper without increasing global warming.
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Green Is the Color of Growth

Nothing Happens Without Money

SOME REVOLUTIONS START SMALL. Both Apple and HP began in their founders’ garages. Intel was born when a handful of engineers left their jobs and rented office space in Mountain View, California. The idea for the Internet was hatched when several small networks decided to band together to share information. Now hundreds of green-tech companies are being launched throughout the world, with some destined to become leaders in the new green economy.

To succeed they must battle big oil, big autos, and big coal. That won’t be easy, nor will it happen overnight. The global energy system is enormous. Forty thousand gallons of oil are consumed every second. Chevron CEO David O’Reilly, who oversees one of the world’s largest oil companies and has directed it to invest in alternatives such as geothermal and solar, doesn’t believe the transition to a green economy will happen anytime soon. “[It’s] very long term, a century out, maybe 50 years out. With new technology and changes in the capital structure—maybe some changes will occur. But in the next 25 years, it’s unlikely there will be significant change.”1

Creative Destruction: A Beautiful Thing

The same venture capitalists who provided the money to create the computer industry and the Internet strongly disagree with O’Reilly. They believe green tech will be to the energy industry what the steamship was to clippers, what television was to radio, what the Internet has been to traditional media—a disruptive force that destroys old business models and ushers in the new. At play is Joseph Schumpeter’s theory of creative destruction, which the economist likened to a Darwinian process where new, better technologies push out the old. The creation of new green businesses can happen within conglomerates such as Toyota, GE, and Sharp, but innovation is much more likely to come from small companies because change is much harder in large organizations.

The legendary Harvard professor Theodore Levitt once explained that the railroads in the early twentieth century were prospering and that the Pennsylvania Railroad was considered the best-managed institution in the country. Levitt argued that the railroads should have known they were in the transportation business and not just railroading. When times changed, the railroads were crushed by new competition from big trucks and then jumbo jets, because they were, in Levitt’s words, “imperturbably self-confident.” Even after the evidence of change was clear, railroad executives and their investors thought they would last forever.

Old-line energy companies that do not adapt to change in a carbon-scarce world will shed jobs, if not go out of business altogether. Displaced oil drillers and coal miners will need to be retrained. The good news is that opportunities to engage in new kinds of work will abound. Over the next decade or two the new green economy will create hundreds of thousands of new jobs and will generate as much, if not more, wealth than did computers and the Internet.

Creating new sources of clean energy will require the latest in computer technology and genetic engineering, which suggests that the future U.S. capitals of energy and autos will eventually migrate from Houston and Detroit to Silicon Valley and other green-tech clusters like Austin and Boston. So far California has taken the lead. As of 2006 the state had more green-tech start-ups than any other: 124.2 A solar conference attended by eight hundred investors and engineers in 2005 attracted more than six thousand in San Jose the next year.

Another reason for optimism: record amounts of venture capital (VC) are flowing into green tech. According to the consulting group Clean Edge, clean-energy investments rose from 1 percent of total American venture investing in 1999 to $2.9 billion, or nearly 10 percent, in 2006. The Cleantech Capital Group, a Michigan-based research firm, predicts that by 2009 it will grow to $10 billion, some ten times what the Department of Energy currently spends on alternative energy research. Most of the money is coming from veteran VC firms. But new money is flowing from all sources. Hedge fund giant Steven Cohen, who runs his $10 billion firm, SAC Capital Partners, from his offices in Greenwich, Connecticut, has invested in the Palo Alto solar start-up Nanosolar, which has developed a radical new process for solar energy. Even Google has gotten into the act. The company says it will invest hundreds of millions in renewable energy technologies like solar, geothermal, and wind power that it predicts will be cheaper than coal-generated power.

Follow the Money

One company leading the charge is VantagePoint Venture Partners in San Bruno, California. A rapidly growing share of the $4 billion in assets it manages has been invested in green technology, including solar and biofuel start-ups as well as Tesla Motors, the electric car company. Stephan Dolezalek, leader of VantagePoint’s Clean Tech Group, is a Silicon Valley veteran who has successfully invested in numerous high-tech and biotech firms for over twenty years. While he is admittedly in business to make money, he believes he can do so while addressing the issue of global inequality.

“It’s called the ‘single earth’ phenomenon,” he explains as he stands up from the company conference table at which we are talking. He points to a large whiteboard. “There’s one planet here,” he says, drawing a large circle, “and you’ve got six and a half billion people who want to share the resources of this planet. What’s the resource allocation of fuel, of food, per person? The main question will be: who can afford what?”

As of this writing, 2 billion people have no access to affordable electricity. The world population, if it continues at its current pace, is expected to grow to 9 billion by 2050. Economists predict that demand for energy will rise by 50 percent from current levels by 2030. Clean alternative energy is still too expensive for many residents of the developing world. If the cost of solar, wave, and wind power does not drop dramatically, people in the poorer nations will consume enough coal and oil to greatly exacerbate global warming.

“Long term,” Dolezalek continues, “we can go one of two ways. We can continue to go down the path of a world of haves and have-nots. If the paths diverge too much, the have-nots will wreak enough havoc on the haves that the outcome is bad. The other path is let’s figure out how to share all the resources in a more equitable way.”

The key, Dolezalek believes, is to think globally about our resources: “China says to us, ‘We haven’t put all that carbon into the air. You did. Give us thirty years to do our share of polluting while you clean up your mess, and in thirty years we’ll clean up ours.’ It’s not an unfair argument. The question is, ‘When does it become in my interest to solve their problem?’ And, for those of us who live on the West Coast, China’s problem has already blown across the ocean and become part of our problem with air pollution in L.A. and acid rain in the ocean.”

The way to build a more equitable world, Dolezalek says (by now the whiteboard is filled with a myriad of crisscrossing lines), is to develop clean and affordable energy for everyone. If business can present alternatives that are cheaper than fossil fuel, China can grow and reduce its pollution. More Africans, South Asians, and South Americans can afford to light their homes and run their businesses.

This vision presents a huge business opportunity, of course. Dolezalek’s partner, Bill Green, argues that the big oil companies are pursuing alternative energy in only a halfhearted way. In fact, Exxon is basically not pursuing it at all, claiming that it will stick with what it knows best: oil.

If Exxon and its colleagues were doing more work on alternative energy, there would be fewer opportunities for the venture capitalists. Indeed, there is a good possibility that when the large oil companies are finally ready to go green—and circumstances will eventually force them in that direction—they will have to rely on the technology today’s investors are sponsoring.

Can anything stop this drive toward the next generation of cheap, green energy? One fear is that the price of oil, which rose to more than $100 a barrel in early 2008, will fall. When it is financially convenient, OPEC turns the spigot that fuels the world on and off. Or the world economy slows and demand for energy drops. Oil floods the market, the price drops, and the pursuit of alternative fuels seems less urgent. There is a good chance that if oil remains above $50 a barrel, investors will continue to invest in alternative technologies because they would have a better shot at becoming cost competitive with fossil fuels. But if oil prices drop precipitously, the investment stream moving into clean energy may well dry up.

VantagePoint and other VC firms believe the companies they are backing can drive the price of solar power and biofuels down enough to be cheaper than coal and oil. That means placing bets only on technologies that promise to stand on their own economically—even if oil falls as low as $30 a barrel, which could happen if the world’s economies go into recession. Designing green energy sources that are cheaper than fossil fuels won’t be easy. One out of every ten venture investments will fail. The same will hold true for green-tech start-ups.

Among others, VantagePoint is backing Miasolé, a solar energy company that believes its radical “thin film” technology will produce electricity at rates that can compete with fossil fuels. Its CIGS solar cells use less than 1 percent of the semiconductor material required by traditional crystalline silicon cells, which yields an inherent cost advantage. Its cells weigh 80 percent less per watt than conventional flat-plate, glass modules. The company has raised more than $56 million to bring its thin-film solar, which could be layered over roof shingles or on the sides of buildings, to market. Ramping up to commercial production levels, however, has proved difficult. VantagePoint also owns part of BrightSource, a California company that is building a massive solar farm in the Mojave Desert designed to generate electricity at competitive rates. It is planning a 400-megawatt solar installation in the desert that uses a field of mirrors to concentrate the sun’s heat and make steam to power an electrical generator. If successful, just two BrightSource plants will generate as much electricity in one year as all the rooftop solar panels currently installed in the United States. These and other promising technologies are discussed later in the book.

Ironically, there is a danger that green tech is attracting too many venture dollars and will end up in a bubble like Dutch tulips and Internet stocks. A major problem is that most small start-up companies cannot grow fast enough to keep up with the technology or the competition or changing market exigencies. They often cannot perform well enough to justify the large investments behind them. “We hope there will be a soft landing,” Stephan Dolezalek says, “but there never is.”

Corn ethanol companies, for example, have raised money at valuations that don’t take into account when the technology will be available and affordable. If corn ethanol doesn’t deliver, investment in a more promising technology called cellulosic ethanol, which uses renewable resources like prairie grass or wood chips, will likely be tainted. “The trouble is that most investors aren’t smart enough to tell the difference,” explains Dolezalek. “We saw this with cell phone development. Companies raise a lot of money, start burning through it fast, and then say, ‘Uh-oh, the market has moved two years out on me.’” When that happens investors cool to the entire category, even though the technology itself remains attractive. To hedge its bets, VantagePoint invests in a portfolio of green-tech companies at different stages of development. If the market for green investments does crash, the firm claims it will have companies ready to go public when investor bullishness returns.

Even so, Dolezalek and Green are convinced that the greentech market is moving in the right direction and will someday be a huge generator of wealth. They see the creation of high-end jobs as engineers, software designers, and marketing experts help launch green start-ups. Then there are the green-collar jobs. Construction workers will be needed to build giant solar farms in the desert and to install solar panels on the roofs of millions of homes and businesses. An army of service technicians will be called on to maintain these products, too.

         

FEAR OF A GREEN-TECH bubble hasn’t damped the enthusiasm of other VC firms. Venerable Sand Hill Road names like Draper Fisher Jurvetson and Kleiner Perkins Caufield & Byers are also playing a leading role in the field. At Kleiner Perkins, John Doerr, with Al Gore as his new business partner, is on a crusade to battle global warming. Doerr’s firm had invested $200 million in alternative energy as of 2007, including stakes in EEStor, a Cedar Park, Texas, start-up working on a revolutionary new power pack for cars, and Amyris Biotechnologies, a Bay Area producer of genetically engineered biofuels.

Driving some of these VCs is the growing sense that the world is running out of time to mitigate the effects of global warming. You might call it the “I’m doing it for my children” philosophy. Consider what happened at a recent TED conference, an annual gathering in Monterey, California, of leaders in technology, entertainment, and design. TED challenges all attendees to give the “talk of their life” in eighteen minutes. A session in the spring of 2007 was dominated by discussions of the environment. John Doerr started his presentation by recalling a conversation he’d had with his fifteen-year-old daughter. She told him that his generation was responsible for global warming and asked him what he was going to do about it. After describing his green investments to the audience, Doerr said, “I’m scared. I don’t think we’re gonna make it.” In a choked voice, he added that in twenty years he wanted to be able to tell his daughter that the problem of global warming has been fixed.

Doerr has assembled a phantom organization called the Greentech Innovation Network (GIN) designed to ramp up the speed at which alternative technology is launched. The formula is one Doerr has long used in Silicon Valley. For thirty-five years he has been assembling networks of seasoned entrepreneurs and technical experts to master new industries such as computer networking, personal computers, and the Internet. He uses people he calls “spiders,” leaders who have woven a web of connections with experts in green tech and policy. Doerr asked them to identify the best and the brightest in their fields. For the first GIN meeting, in May 2006, Doerr invited sixty experts to convene in California and trade ideas.

At that first meeting Doerr learned a great deal about
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