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INTRODUCTION



There’s No Such Thing as Clean Energy


I bought my first all-electric car in 2018, back in what felt like the pioneer days of renewable energy, and, man, did I feel virtuous. There I was, with my unglamorous but morally exemplary used Nissan Leaf, doing my part to save the Earth.


At the time, I lived with my family in Los Angeles. Ours was a fairly typical setup—two parents, two kids, cat, dog, and, of course, two cars. How else could we have gotten around in a city like LA? But I was also very concerned about climate change, which was already afflicting life in our area with increasingly frequent and potent water shortages, wildfires, and heat waves. So, when our old Mazda hatchback finally gave out, I made the leap from gas to electric. At last, I thought, I was on the right side of history! No longer was I supporting any planet-plundering oil companies. My car emitted not a single ounce of carbon, no matter how far I drove. It ran on a battery I charged from a regular electrical outlet, just like my laptop and iPhone. In fact, I was pleased to learn, my car’s battery, made mainly of lithium, cobalt, and nickel, was basically just a bigger version of the batteries in my digital devices.


True, the electricity to power those batteries came mostly from fossil-fueled power plants. But I expected that those carbon-spewing behemoths would soon be replaced by renewable sources, like solar and wind farms. Once that energy transition was accomplished, I figured, I would be leading an environmentally blameless, climate-friendly life. My car would run silently on invisible electricity. I’d work and communicate with people wirelessly. The energy for it all would be drawn from sunlight and thin air. The image I had of my digitally enabled, renewably powered future life had a wonderfully weightless, dematerialized, untethered feeling of freedom to it.


Unfortunately, it was also utterly wrong.


As a journalist, it’s my job to be inquisitive, to ask questions. I was curious about where the lithium, cobalt, nickel, and other raw materials for all those batteries in my machines came from. I started doing some research and quickly came to realize that the electric car I was so proud of, the digital devices I use every day and the renewable energy I was counting on to power them, are together spawning massive environmental damage, political upheaval, mayhem, and murder. To get the raw materials required to build cell phones, electric cars, and wind turbines, rainforests are being cut to the ground. Rivers are being poisoned. Children are being put to work in mines. Warlords and a billionaire crony of Vladimir Putin are getting rich. And untold numbers of people are getting killed.


The human race is facing a paradox: We must do everything we can to stave off the catastrophes of climate change, but, in doing so, we may create a whole other set of catastrophes. This book is an attempt to make clear the extent of the damage that process is already inflicting on people and the planet, the many ways in which it might get worse—and how we can do better. To build a sustainable world run on the digital technology we already take for granted and the carbon-free power we absolutely require, we need a whole new approach.










CHAPTER 1



The Electro-Digital Age


We are moving into a new era, a new phase in humanity’s economic and social development. The twenty-first century is being shaped by forces that are changing how we communicate with each other, how we travel from place to place, how we heat and cool our homes, how we live our lives on an increasingly stressed planet. There are three major, interconnected drivers of this era: digital technology and the internet; renewable energy; and electric vehicles. Call it the Electro-Digital Age.


Digital tech, of course, is already deeply embedded in our lives and only growing more essential to almost everything we do. The other two drivers—renewable energy and electric vehicles—are coming on fast. In many ways, all of that is good news. The energy transition from fossil fuels to renewables is a crucial part of the cure for climate change. But it’s a cure with brutal side effects. Taken together, the three pillars of the Electro-Digital Age are inflicting tremendous but largely overlooked harm all around the planet, including environmental catastrophes, child labor, slavery, robbery, and murder. They are also altering the balance of geopolitical power, mostly to the benefit of authoritarian regimes not especially friendly to the West. All of which is largely because the three pillars of this new, high-tech era depend on a set of ancient, natural materials: metals.


In our deeply digital, relentlessly online modern world, it’s easy to forget, or ignore, or fail to appreciate the extent to which our lives depend on the extraction, transportation, and processing of titanic quantities of physical materials. Millions of us, myself included, make our living dealing only with dematerialized abstractions, intellectual “products” that exist mainly on computers—articles, analyses, marketing plans, software, videos, podcasts. We process financial data, we build websites, we run social media campaigns, we develop business plans—products that have no physicality, no corporeality to them, beyond perhaps a hard copy version printed on paper. Information streams into our offices, we process it into other forms of information, and it streams back out again.


But all of that is made possible by machines—computers, phones, wireless routers, internet cables, data centers packed with computer servers—all of them drawing energy from enormous power plants. Just as most of us are disconnected from the processes by which our food is produced, we are disconnected from the processes by which our machines are manufactured. The raw materials from which those machines are built make our lives possible. And they come at enormous expense.


Laptops, tablets, and cell phones are made from a kaleidoscopic array of materials, from everyday metals to far more exotic and obscure substances. Mobile phones can contain as many as two thirds of all the elements in the periodic table, including dozens of different metals. Some of those metals are familiar: There’s gold in the typical phone’s circuitry, tin in its circuit board, nickel in its microphone. Some are not. Tiny flecks of indium in the screen make it sensitive to the touch of your finger. Europium enhances the colors you see on that screen. Neodymium, dysprosium, and terbium are used to build the tiny mechanism that makes your phone vibrate.


The batteries that power cell phones—probably the components to which we give the most thought—are made with lithium, cobalt, and nickel. Similar batteries energize your rechargeable drill, Roomba, electric toothbrush, and countless other cordless electric devices. That includes most electric vehicles, from e-scooters to Tesla SUVs. Electric cars are battery cars, but their batteries are big. Just one Tesla Model S can contain as much lithium as ten thousand mobile phones.


All of those batteries need to be charged, and charged again and again, with electricity. The more batteries there are, the more electric power we must generate to feed them. The millions of new electric vehicles hitting the world’s roads each year come with a monstrous appetite for power. Driving those electric cars doesn’t create carbon emissions, but generating the electricity that powers them often does. Today, the world’s biggest source of electrical energy is still coal-fired power plants. The catastrophic impacts of our reliance on such carbon-intensive fuels are well-known. To keep those impacts to a minimum, we need to switch not only to electric cars but also to carbon-neutral renewable-energy sources, especially solar and wind, to power them.


Sunlight and air, beloved elements of the natural world, seem like wonderfully benign energy sources. So much more appealing than filthy coal or gooey petroleum. Solar and wind power are often described as free energy, since they literally fall from the sky. But they entail a Faustian bargain. To capture energy from the sun and wind, transmit it, and use it, we need machines. We need wind turbines, solar panels, switching stations, power lines, batteries.


Picture what’s involved in the process of generating, transmitting, and using renewable energy. Los Angeles, for instance, gets a little more than 4 percent of all its electricity from the Red Cloud wind farm southeast of Albuquerque, New Mexico. The farm’s dozens of towering turbines are made out of steel reinforced with a rare metal called niobium. Wind hits a turbine’s blades, making them rotate. Inside the turbine, special magnets made with neodymium, another metal, convert that movement into electric power. Cables made with thousands of pounds of aluminum and copper then carry that electricity from the turbine into the New Mexico power grid. The electricity flows along hundreds more miles of copper cables to a switching station in Arizona and on from there to thousands of homes, garages, and offices in Los Angeles.


Thanks to those cables delivering the juice to my house, I can plug in my Leaf and electricity will flow into its battery. That battery is made with approximately one hundred pounds of nickel, cobalt, and lithium, and nearly as much copper. When I step on the accelerator, hundreds of yards of coiled wires, made out of more copper, activate neodymium-based magnets, similar to the ones in the wind turbines, to convert the electricity back into movement, turning the car’s wheels.


All of those machines, cables, wires, and batteries are made with metals. Metals don’t fall from the sky. They are ripped from the Earth.


The Electro-Digital Age demands a terrifying amount of such ripping. To manufacture all the digital tech we demand and all the electric cars, wind turbines, cables, magnets, and other gear we require for the transition to renewable energy, we’re going to need titanic quantities of what are variously called battery metals, technology metals, transition metals, or the term I prefer, “critical metals.” In all of human history, we’ve mined about seven hundred million tons of copper. We’ll need to mine the same amount again in the next twenty-odd years. By 2050, the International Energy Agency estimates, demand for cobalt from electric vehicle makers alone will surge to nearly five times what it was in 2022; nickel demand will be ten times higher; and for lithium, fifteen times higher, the annual total soaring from just under seventy thousand tons to over one million. The surge is well underway. The market size for copper, cobalt, and rare earths nearly doubled between 2017 and 2022, tripled for nickel, and septupled for lithium, reaching a total of $320 billion.


“Energy transition minerals, which used to be a small segment of the market, are now moving to center stage in the mining and metals industry,” declared a 2023 IEA report. The market for critical metals is set to continue rising in the coming years—assuming the world can produce them. “The prospect of a rapid increase in demand for critical minerals—well above anything seen previously in most cases—raises huge questions about the availability and reliability of supply,” warns the IEA.


All over the world today, governments, corporations, entrepreneurs, activists, and researchers are racing to figure out how to meet that mushrooming demand. Those millions of tons of metals have to come from somewhere. Today, one industry provides the overwhelming majority of them. Our high-tech, carbon-free future depends on one of humanity’s oldest and dirtiest endeavors: mining.


Mining is a rough business. Metals are natural resources, products of the Earth, but the Earth doesn’t give them up willingly or easily. Digging up metals typically involves destroying the Earth in the most literal sense. The whole object is to tear up trees or grasslands or deserts, blast apart the underlying rock and earth with explosives, and rip out the remains. And it doesn’t stop there. The metal-bearing ore clawed out of the ground has to be processed, smelted, and refined with enormous, energy-guzzling, pollution-spewing industrial equipment and oceans of chemicals.


“Mining done wrong can leave centuries of harm,” says Aimee Boulanger, a former antimining activist who now heads the Initiative for Responsible Mining Assurance, a group that works with mining companies to develop sustainable practices.


The range and extent of damage inflicted by mining is staggering. Metal mining is America’s leading toxic polluter and has sullied the watersheds of almost half of all the rivers in the American West. Chemical leaks and runoff often foul the air and water around metal mines. Mines also generate enormous piles of poisonous waste, which are stored behind dams that have a terrifying tendency to fail. Torrents of toxic sludge pouring through collapsed tailings dams have poisoned rivers and lakes from Canada to Brazil and killed hundreds of people. Those casualties are on top of the hundreds, possibly thousands, of miners who die in workplace accidents each year.


Chemical leaks and dam failures are unintended consequences. But even when everything is going as it’s supposed to, mines inevitably inflict damage. They devour resources and excrete waste on a titanic scale. A study from the Vienna University of Economics and Business found that industrial mines have wiped out more than one thousand square miles of forests since 2000. Valuable metals typically make up only a tiny fraction of all the rock and earth that has to be dug up to get them. To get just one ton of nickel, an average of two hundred fifty tons of ore and waste rock must be processed. For copper, it’s twice that much. Seventy-five pounds of ore have to be wrested out of the earth to build a single four-and-a-half-ounce iPhone. That ore has to be crushed and the metals separated from the waste rock around them, industrial processes that belch out as much as one hundred pounds of carbon per phone.


Mines also suck up huge quantities of water, a major point of conflict in arid regions such as northern Chile, which is home to some of the world’s most immense copper and lithium operations. And the mines require fleets of drill rigs, trucks, diggers, and other heavy machinery, energy hogs that erupt megatons of greenhouse gases—as much as 7 percent of the world’s annual total.


None of this is exactly welcomed by whoever lives nearby. Irate local residents and Indigenous communities are fighting proposed critical-metal mines all across the United States, from North Carolina to Nevada, as are their counterparts in Canada, Serbia, Brazil, the Philippines, and many other countries. In some places, this kind of opposition can have lethal consequences. At least 320 antimining activists around the world have been murdered since 2012. And those are just the ones Western human rights groups know about.


To keep our technology-abetted lifestyles going and to kick our fossil-fuel dependence, we humans need to get our hands on more critical metals. But we also need to find cleaner, more humane, more sustainable ways of getting those metals. How can we do that? Can we do it soon enough? Can we make our way to a truly sustainable world without trashing the planet in the process?


Searching for answers to those questions took me to mines, protest sites, and research labs around the world. I visited a shipyard in Belgium, a desert in Chile, a junkyard in Canada, and the biggest garbage dump in West Africa. I met some of the wild array of wealthy investors, grassroots activists, scientists, politicians, manual laborers, and artificial-intelligence experts who are all players in the trillion-dollar global race for the metals we need for this new era.


It’s a race unfolding across the planet—and even on the ocean floor, not to mention outer space. Some aspects of it are genuinely promising, some are smoke-and-mirrors schemes, and some are disturbingly dangerous. This race will not only reshape industries, it will also affect the destinies of entire countries and alter the global balance of power. And it will force us to question how we organize our cities, our societies, and our lives.


The digital revolution is by now part of the everyday lives of almost everyone in the Western world, and, increasingly, the lives of everyone on Earth. As of January 2024, an estimated 5.35 billion people—about two thirds of the world’s population—were using the internet. Nearly as many own mobile phones. All told, there are more than fifteen billion mobile devices in use worldwide.


The shift toward renewable energy and electric vehicles is also happening much faster than most people realize. Humanity is on the cusp of a new energy era that could be as transformative as our shift from wood to coal, and from coal to oil. Today’s children will inherit a world powered in ways fundamentally different from that of their parents or grandparents. The shape of power, in the literal sense, is changing profoundly.


In talking about renewables, I’m focusing mainly on wind and solar power, because, at this point, they are the most advanced and rapidly expanding new sources of renewable electricity. There are others, of course. Hydropower is clean and renewable, but we’ve already dammed about as many rivers as we can (or should). Worse, climate-change-induced droughts are drying up rivers and reservoirs around the world, imperiling the hydro-energy supply. Many people consider nuclear power a viable, carbon-neutral alternative to fossil fuels, but that’s a deeply complicated issue beyond the scope of this book (plus, it’s not really renewable). Hydrogen may become a major energy source someday, but that day is still a long way off.


Solar and wind, meanwhile, are exploding. At the start of the twenty-first century, wind and solar combined produced a fraction of a percent of all the world’s electricity. Now, they provide more than 12 percent. In the United States, renewables now provide almost a quarter of the nation’s electricity, outstripping both coal and nuclear. The IEA expects America’s solar and wind capacity to nearly double by 2027. As of 2022, wind and solar were generating more power than all the world’s nuclear plants. The disruptions to Russian oil and gas exports brought on by the invasion of Ukraine in February of 2022 jolted many nations into redoubling their efforts to develop more dependable alternatives, sparking what the IEA calls “unprecedented momentum for renewables.” In 2023, the world created enough new renewable energy to power all of Germany and Spain. By 2027, the IEA predicts renewables will be the single largest source of electricity worldwide.


The electric car market is growing even faster—so fast that it’s reshaping the entire automobile industry. As recently as 2012, only 120,000 electric vehicles were sold worldwide each year. By 2022, customers were snapping up more than that number every week. Sales of new electric vehicles are expected to top 30 million by 2030. California, Washington, and Oregon have all declared they will ban the sale of new internal combustion vehicles by 2035, and at least twenty countries have announced similar future prohibitions.


Every major automaker is rolling out electric models, from Cadillacs to pickup trucks. Industry heavyweights, including General Motors and Volkswagen, have declared they aim to phase out petroleum-powered vehicles altogether in the coming years. Electric-car battery factories are opening all over the United States and around the world. To safeguard their supply chains, carmakers are deepening their involvement with the mining industry. GM, for instance, recently sank $650 million into a proposed lithium mine in Nevada.


The critical-metal mining boom is also shaking up geopolitics. That’s natural. Think about the last major energy transition, when the world shifted from coal to oil. Back in the coal-powered days, Saudi Arabia was an afterthought in global affairs. But with the rise of the automobile, the world suddenly needed huge amounts of a substance that hadn’t been in much demand before: oil. Almost overnight, Saudi Arabia became one of the richest nations on the planet. (Having learned from their history, the desert kingdom is now also investing heavily in critical-metal production.)


Similarly, a handful of little-noticed nations from the Arctic to the South Pacific now have a chance to reap fortunes from their huge reserves of metals that practically nobody cared about until recently. Way out in the South Pacific, the tiny French territory of New Caledonia holds as much as a quarter of all the world’s unmined nickel. In the high Arctic, Greenland has enormous quantities of rare earths. Bolivia, in the middle of South America, has the world’s largest deposits of lithium. The Democratic Republic of the Congo, in the heart of Africa, holds almost half of the world’s cobalt reserves. Afghanistan harbors enormous deposits of copper, cobalt, and other metals. Remember the niobium that reinforced those wind turbines? Brazil produces almost all of the world’s supply.


In Southeast Asia, Indonesia and the Philippines are just starting to fully exploit their huge nickel reserves. For now, however, the world’s top producer of high-grade nickel is Russia. It’s also a huge exporter of copper and other metals. Fears that Russia’s war in the Ukraine might affect its nickel production sent the metal’s prices skyrocketing in the days after Vladimir Putin launched the invasion in February 2022. Turns out, traders need not have worried. Though most Russian exports were closed off by international sanctions, the world quietly decided that Moscow’s nickel, copper, palladium, and other minerals were too important to shut off. For more than two years after the war began, Russia continued to export billions of dollars’ worth of nickel to the West. In other words, to some extent, the switch to electric cars helped to fund Russia’s invasion of Ukraine.


But when it comes to winners in the critical-metals race, one country is way out in front of all the others. No matter what material you’re talking about, at least one and quite possibly all of the steps in the production chain, from mining to processing to refining to manufacturing the final product, will take place in China.


Leveraging its own natural resources, relatively lax environmental standards, diplomatic clout, and shrewd overseas investments, China has, in recent decades, come to dominate the entire supply chain for critical metals. China has huge reserves of lithium and other metals, some of which it allegedly mines with forced labor. The homegrown resources it lacks, it buys abroad; Chinese companies own mines all around the world that produce raw cobalt, nickel, and many other metals.


Regardless of where critical metals are dug up, or by whom, most will end up sent to China for refining and processing. China has more than half the world’s refining capacity for lithium, cobalt, and graphite (another key battery ingredient) and close to that much for nickel and copper. Other Chinese factories then take those refined metals and turn them into most of the world’s solar panels, a hefty share of its wind turbines, nearly three quarters of all lithium-ion batteries, and a majority of all electric vehicles. All of which gives Beijing not only a commanding position in the emerging economy of the Electro-Digital Age but also enormous geopolitical leverage. China has already shown, in recent years, that it is willing to cut off world supplies of a particular set of critical metals to support its political goals. It could unsheathe the embargo weapon again at any time.


Western nations have belatedly awakened to this vulnerability and are scrambling to address it. The United States, Canada, Japan, and the European Union have all explicitly prioritized finding non-Chinese sources for critical metals and are pouring cash and resources into the quest. “The United States’ mineral import dependency and the concentration of mineral supply from certain countries are broadly recognized as growing threats to economic growth, competitiveness, and national security,” warned the US Senate’s Committee on Energy and Natural Resources in 2019. In 2022, the US Congress enacted an infrastructure package that included $7 billion to expand the domestic supply chain for battery minerals. That same year, it passed the Inflation Reduction Act, which includes many more billions of dollars to subsidize batteries and electric vehicles made with domestically sourced metals.


The good news is that there are many ways the rest of the world can get its hands on the metals it needs without bolstering Beijing (or Moscow) or devastating natural landscapes. Start in the most obvious place: the mining industry itself.


I knew practically nothing about mining when I started researching this book, but I assumed it was a dirty, destructive industry, disastrous for the environment and anyone living nearby. Historically, that has often been true. But, to my surprise, I learned that it’s not as true now as it used to be. The industry and the context it operates in have changed a lot in recent years and continue to change, often for the better.


In decades past, mining companies in league with greedy governments could just pick a spot to dig, shove aside whoever and whatever was living there, gouge the metals out of the ground, and dump the waste wherever was handy. Today, that kind of rape-and-run approach is much more difficult to get away with. Stricter government regulations, higher environmental and social standards, and the industry’s evolving perception of what’s in their self-interest are doing a lot to change mining practices and minimize their damage. Much of that is because mining’s chief opponents—environmentalists and the local communities and Indigenous people who bear the brunt of the industry’s impacts—now have far more legal protection, political power, and social clout than they used to.


Fifty years ago, the environmental movement barely existed. Indigenous peoples and local communities had little recourse against mining companies that came looking for precious metals on their lands. The playing field was tipped wildly against them. Today, that field is still far from level, but it’s not nearly as lopsided as it used to be. Groups like Greenpeace, Friends of the Earth, and the World Wildlife Fund have millions of members and operations in dozens of countries. A welter of international agreements and national regulations are on their side. And in a world in which almost everyone has a video camera in their pocket and the means to broadcast to the world, it’s much harder to get away with the terrible practices for which the industry had become infamous. Even industry titans like Robert Friedland, a Canadian American mogul nicknamed “Toxic Bob,” acknowledge this. “Every one of these hand phones is an NGO,” he told a major copper-industry conference in Chile in 2022—meaning that every cell phone is a potential non-governmental organization, one of the activist groups that so complicate life for industries like his. “Click! And you’re on the cover of The New York Times. You can’t hide anymore.”


Indigenous people across the globe have much more political representation and legal protections than they used to. In April of 2022, I attended the First Nations Major Projects Coalition’s annual conference, a gathering of Canadian Indigenous leaders and the companies doing business on their lands. It was a high-end corporate event held in a swanky Vancouver hotel, attended by executives from some of the world’s top mining companies. The fact that such an event even exists speaks to how much more power Indigenous people now hold and how skillful they have become at leveraging it. Indigenous people didn’t even have the right to vote in Canada until 1960.


Consumers are also applying much more pressure than ever before. The growing consciousness about the origins of the products that people buy and use every day—from fair-trade coffee to dolphin-safe tuna to sustainable clothing—is spreading to mining. It’s late in coming, partly because most people rarely think about the industry or its role in manufacturing our cell phones and solar panels. Hardly any of us could name even the most important companies involved, such as Anglo American or Glencore. There are many more. Why would we? We’re not their customers; other businesses are. But those businesses include household names like Tesla and Apple. Social-justice and environmental groups are ratcheting up the pressure on those companies and all the others involved in mining to make sure no critical-metal supply chains run through slave camps or clear-cut forests.


All of that adds up to actual clout. In 2020, for instance, Rio Tinto, one of the world’s biggest mining companies, blew up a historic Aboriginal site in Australia to build an iron mine. A century ago, that would have been business as usual. In 2020, that destruction sparked public outrage so fierce that it cost the company’s CEO and several other top executives their jobs and forced the company to make restitutions to an Aboriginal group.


“Mining companies know there’s a change that’s brewing. It started maybe fifteen years ago with attention around blood diamonds or dirty gold,” says Boulanger. “Now this stuff that industrialized societies use every day, our phones or buildings or electronics, are really getting this attention. The energy transition has caused that.”


All the big miners and manufacturers now speak the language of sustainability, of net-zero emissions and respect for Indigenous peoples and the environment. Even at industry events, where people inside the business are mostly talking to each other, PowerPoint presentations and trade-show banners trumpet the need for sustainability, concern about climate change, and support for empowering communities. “We need to let people know that today’s mining industry is not like their father’s or grandfather’s,” a representative of BHP, one of the world’s biggest mining companies, told an industry conclave in Vancouver in 2023. “And we have to live that.”


Some of that, of course, is just public relations, often called greenwashing, but there are certainly some in the industry who believe it. If nothing else, in today’s world, it’s in a company’s self-interest to limit the damage it causes to the environment and local communities, to preserve what people in the industry call their “social license” to operate, if only to avoid costly lawsuits. It’s generally cheaper and easier to build a water-treatment plant or an air-quality monitor at the start of a major new project than to have to go back years later and retrofit all the machinery in response to a court order or public pressure. Let alone to clean up after a major industrial accident. As the historian Jared Diamond put it in Collapse, “Cleaning up pollution is usually far more expensive than preventing pollution, just as doctors usually find it far more expensive and less effective to try to cure already sick patients than to prevent diseases in the first place by cheap, simple public health measures.”


That growing awareness is real progress. But it also points out another key truth: Everything has a cost. It’s a cliché, but that doesn’t make it any less true. There are no solutions, no technologies, no social or economic developments that bring only benefits. Every development, however positive, also has some kind of downside. There are always winners and losers. The shift to renewable energy will ultimately benefit most people, but, in the process, it will impose a steep price on some people.


Even the measures that we take to reduce those costs incur other costs. The downside to the upwelling in concern for the environment and human rights is that those concerns slow down the hunt for new sources of critical metals. All those regulations and public hearings and protests and legal challenges mean that it takes many years, often decades, to go from discovering a new deposit to opening up a mine that will bring that metal to market. In the 1950s, it took only three or four years to bring a new copper mine online in the United States; today the average is sixteen years.


“The long lead times for new mining projects pose a serious challenge to scaling up production fast enough to meet growing mineral demand for clean energy technologies,” the International Energy Agency warned in a 2022 report. “Current supply and investment plans remain well short of meeting the growing demand from clean energy technologies if the world is to achieve the goals in the Paris Agreement.” (That’s the 2016 treaty under which almost all the world’s nations agreed to try to limit the planet’s temperature increase to 1.5 degrees Celsius above pre-industrial levels.) In other words, we might not have enough metals to build wind turbines, solar panels, and electric cars as quickly as we need to in order to keep the world from warming to the point after which climate change could become truly cataclysmic. Such supply shortages could drive up prices, which could, in turn, reduce sales, which “could derail or delay the energy transition itself,” warns the International Monetary Fund.


Understand: I am not arguing that governments should roll back environmental regulations to make life easier for mining companies. I am pointing out that we are going to have to accept some trade-offs to keep the energy transition moving. Everything has a cost.


In my research for this book, I talked to all kinds of people who are deeply and justifiably concerned about the threats that mining poses to the planet. Those conversations would inevitably come around to some version of me saying, “Yes, agreed, mining causes bad things. This lithium project may damage a desert’s ecosystem. That nickel mine may ruin the lives of nearby villagers. But what’s the alternative? We need these metals to build the renewable energy systems that will stave off the biggest bad thing of them all, which is climate change. How can we do that without digging more mines?”


Almost always, the answer was, “Recycling!”


When I heard that word, I thought of those plastic bins you put your bottles, cans, and used paper into. You set it all out with your trash, and it’s gone the next day. What’s so hard about that?


A lot, it turns out. Recycling metal is a completely different proposition from recycling the paper and glass we put in those bins. The business of taking any manufactured product, be it a toaster, a cell phone, or a length of electric cable, and breaking it back down into the raw materials from which it was constructed is a fiendishly complex endeavor. It requires many steps carried out in many different places. Manufacturing those products required an international supply chain: gathering raw materials in one country, processing them in another, shipping them to a factory in a third country where they were turned into new products, and finally selling those products somewhere else altogether. Recycling those manufactured products requires a reverse supply chain that is almost as complicated.


Recycling helps. But as a solution, it’s utterly inadequate. While recycling does save energy and can reduce the amount of raw materials we use, it too comes with tremendous costs. Some of the processes used to recycle metal, especially in developing countries, are carried out by desperately poor people working in dangerous conditions that generate toxic by-products and lethal pollution.


We tend to think of recycling as the best alternative to using virgin materials. In fact, it’s one of the worst. Recycling is the most difficult and energy-intensive way to get further use out of just about any given product. Consider a glass bottle. To recycle it, you have to smash it to pieces, melt down the crushed bits, and mold them into a whole new bottle. It’s a whole industrial process that requires a lot of energy, time, and expense.


Or you could just wash out the bottle and reuse it.


Reuse: that’s a much better alternative. It’s not a new idea. For much of the twentieth century, gas stations, dairies, and other companies that sold things in glass bottles would collect, wash, and fill them up again. The “Reduce, Reuse, Recycle” slogan and its famous three-chasing-arrows logo have been around since the 1970s. Today, they are more relevant than ever.


Rendering an old cell phone, a car battery, or a solar panel down to its constituent metals requires far more energy, labor, and cost than refurbishing that product so that it can be used again. This already happens in rich, developed countries: You can buy refurbished computers, phones, and even solar panels online and in some stores. But where the practice is really widespread is in the developing world. There is a huge market in Africa and Asia for the West’s castoffs. If you live in North America, you might not be satisfied with your old iPhone 8 anymore, but there are plenty of people in less affluent countries who would be happy to use it.


There are important lessons for the West there. Perhaps the most important one is this: We must think beyond simply replacing fossil fuels with renewables. We must reshape our relationship to energy and natural resources altogether. That seems like a tall order. And yet, in many ways, and often in unexpected places, that process is already underway. There is a whole range of things we can do—as consumers, as voters, as human beings—to lessen the effects of the electro-digital transition. One, in particular, can make a huge difference.


The critical metals that will enable the electro-digital transition won’t come from a single source. They will come from mines of many different types in many different places. They’ll come from scrapyards and recycling centers around the world. And some of them will be extracted from entirely new places using completely new methods and technologies. The choices we make about where and how we get those metals, about how much of them we really need, about who will prosper and who will suffer as a result, are tremendously important. Every choice will entail a cost, but some will cost much more than others.


We’re lucky in one way: We’re just at the beginning of this historic transition. The challenge now is figuring out how to make that transition without repeating the worst mistakes of the last one.












PART ONE



ELEMENTS OF THE FUTURE
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Everything I do is metal. When I clean my house, it’s metal.


—SCOTT IAN, GUITARIST, ANTHRAX













CHAPTER 2



The Elemental Superpower


Shirtless, smoking, and (it was later alleged) drunk at around 9:30 one September morning in 2010, Zhan Qixiong stared across the rolling waves at the Japanese Coast Guard ship bearing down on his fishing trawler. Zhan, a lanky forty-one-year-old wearing denim cutoffs, a white T-shirt, and flip-flops, couldn’t have been too surprised. The ship he captained, the Minjinyu 5179, was sailing provocatively close to a cluster of tiny, uninhabited but nonetheless fiercely contested islands in the East China Sea. Japan controls them, but China claims them.


Typically, Japanese authorities would simply escort a trespassing ship out of the area. But there was nothing typical about the confrontation that morning. It would set off reverberations that would be felt around the world.


Japan took over the islands back in 1895, during the first Sino-Japanese war, and China has long wanted them back—especially since oil and gas deposits were discovered under the nearby waters in the late 1960s. Tensions have flared several times over the years when Chinese boats have encroached into the islands’ waters. In 1978, thirty-eight Chinese fishing ships, some equipped with machine guns, anchored near the islands, their crews shouting and waving signs supporting China’s territorial claims. In an effort to head off more serious clashes, the two nations struck an agreement under which no ships from either country are allowed within twelve nautical miles of the islands. But here, more than thirty years later, were Zhan and his crew in his bright blue, thirty-seven-meter trawler tossing lightly on the swell, fishing nets impudently in the water.


The Japanese cutter, named the Yonakuni, came up alongside. “You are inside Japanese territorial waters,” barked a voice in Chinese over the ship’s loudspeakers. “Leave these waters.”


Zhan wasn’t impressed. Instead of leaving, he turned the trawler sharply, ramming into the Yonakuni’s stern at a near-right angle. “It collided with us!” shouted one of the Japanese crew. The Minjinyu then sailed off. Soon, a second Japanese boat came racing across the water toward it, sirens wailing, loudspeakers bellowing orders to leave. Zhan watched them come, standing on the deck with a few of his crew, a cigarette in his mouth. When the Japanese got close enough, he again slammed his trawler into their vessel.


Furious Japanese authorities soon boarded Zhan’s ship and arrested him and his whole crew. The crew was sent back to China, but Zhan was held and ordered to stand trial. When this news reached China, it sparked a furor. Memories of Japan’s brutal invasion during World War II still run deep. Angry crowds protested in the streets of Chinese cities. Chinese premier Wen Jiabao personally called for Zhan’s release. The Japanese didn’t budge. Then, on September 21, China took drastic action: It cut off exports to Japan of rare earth metals.


Rare earths are among the most important of all the critical metals required for the Electro-Digital Age. The term comprises a set of seventeen obscure elements with barely pronounceable names, like neodymium and yttrium. They are crucial ingredients in many high-tech products, including mobile phones, wind turbines, electric vehicles, and military weapons systems. At that point in 2010, Chinese mines supplied 95 percent of the world’s rare earths. There was no alternative source to which Japan’s massive electronics industry could turn. A Chinese embargo could deal a heavy blow not just to Japan’s economy, but to the whole Western world it was connected to.


Chinese officials never said outright that they were cutting Japan off; it just so happened, as David S. Abraham writes in The Elements of Power, that “all thirty-two of the country’s exporters of rare earth elements halted trade on the same day.” Panic seized the markets. Rare earth prices shot up as much as 2,000 percent. The sudden spike in costs bankrupted as many as fifty-nine renewable energy companies and unnerved business executives around the world. The United States, Japan, and the European Union filed a complaint against China with the World Trade Organization. But everyone recognized that the incident portended much more than a run-of-the-mill trade dispute.


Whether or not Beijing had directly ordered an embargo, political and business leaders in the West were suddenly jolted into realizing that China could cut any of them off at any time. Beijing had a stranglehold on a major choke point in the world’s economy—one that, years earlier, the United States had essentially handed it. Now, American leaders were beginning to understand how vulnerable that choice had left the country. The House Armed Services Committee convened a hearing on the matter. “The world’s reliance on Chinese rare earth materials, in combination with China’s apparent willingness to use this reliance for leverage in wider international affairs, poses a potential threat to American economic and national security interests,” declared then-Representative Ed Markey of Massachusetts.


With a metaphorical gun made of rare earths pointed at its head, Japan caved. Zhan was sent home on a chartered plane to his home province of Fujian, where he received a hero’s welcome. Rare earths began flowing out of China again.


But the Western world recognized it could not go back to business as usual. In the wake of the brief embargo, the United States, Japan, and the European Union all began concerted efforts to find and develop sources of rare earths outside of China’s control. The episode was one of the first major skirmishes in the escalating global struggle for critical metals.


Rare earths are actually neither rare nor earths. Most of them are quite abundant, but they are almost never found in their pure form. Instead, they come dissipated in very low concentrations within other minerals, like grains of pepper in a meatball. That makes them difficult and expensive to separate out. Many of the rare earth metals are often found clustered together. The seventeen rare earths, in atomic-number order, are scandium, yttrium, lanthanum, cerium, praseodymium, neodymium, promethium, samarium, europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, and lutetium. Rare earths are like vitamins, or spices, or yeast, or LSD: They are used in tiny amounts but have major effects. Each is unique, but, in general, they have unusual magnetic and electrical properties that can confer additional powers to other materials with which they are alloyed. “They enable both the hardware and the software of contemporary life to be lighter, faster, stronger, and longer ranging,” writes Julie Michelle Klinger in Rare Earth Frontiers. “Global finance, the Internet, satellite surveillance, oil transport, jet engines, televisions, GPS, and emergency rooms could not function without rare earth elements.”


The ill-fitting name dates back to the eighteenth century, when a Swedish artillery officer and amateur chemist found a very unusual rock in the village of of Ytterby, near Stockholm. A Finnish chemist named Johan Gadolin analyzed it and declared it a new type of “earth.” Over time, scientists separated out the several elements in the rock. If their names sound made up, that’s because they are. Yttrium was named after the village, gadolinium after Gadolin, scandium after Scandinavia. (Cut those chemists some slack. All the easy names, like gold and tin, were already taken.)


These new elements remained little more than curiosities for the next century or so, little-visited cubicles on the periodic table. Then, in the late 1800s, a German chemist figured out how to use one of them, cerium, to create the gas mantle—a fabric bag that lights up when heated. Billions of these mantles would eventually be used as streetlights. That was great for Germans who enjoyed an evening stroll but awful for people in the distant countries where the rare earths were mined. In those places, acidic water from the mines leached into local water supplies. “At the time, these costs were hidden to Western consumers, because they were happening in faraway places like Brazil, India, and South Africa,” Lisa Berry Drago explained on the podcast Distillations.


By the second half of the twentieth century, America became the world’s top producer of these curious metals thanks to a single mine. In 1949, prospectors in the high-desert scrublands of eastern California, while looking for uranium to build up America’s nuclear arsenal, stumbled across a huge deposit of bastnaesite, an ore containing fifteen of the seventeen rare earths. They were disappointed to learn that the radiation they had detected came not from uranium but from thorium, a radioactive element that is often found with rare earths. The Molybdenum Corporation of America purchased the mining claims at the site, dubbed Mountain Pass, and quickly developed a lucrative business selling europium, a rare earth that enhances the ability of glass screens to display colors. There was a booming demand for europium from makers of the hottest new high-tech product of the day: color television. Scientists quickly found new uses for the neodymium, praseodymium, and other rare earths in the ore, especially in the growing consumer electronics industry.


For several decades, Mountain Pass was the world’s leading source of rare earths. But in the 1990s, the Environmental Protection Agency discovered that a wastewater pipeline from the mine had ruptured dozens of times, “spraying the soil and surrounding vegetation with mineral slurry containing toxic concentrations of lead, uranium, barium, thorium and radium,” according to Klinger. At least three hundred thousand gallons of radioactive waste spilled into the desert. More leached out of holding ponds and into the groundwater.


Facing huge fines and cleanup costs, the mine was closed down. The pit and its sprawling complex of support buildings sat for years under the Mojave Desert sun, silent and idle as a lizard. But it was not to stay that way.


By the time Mountain Pass closed, manufacturers were using rare earths for a dizzying range of obscure but important tasks in all kinds of products, from portable X-ray machines to camera lenses. Their use has only continued to grow since. Smartphones are jammed with rare earths: europium and gadolinium in the screens, lanthanum and praseodymium in their circuitry, terbium and dysprosium in their speakers, and more. Many military technologies used by the armed forces of the United States and other countries, including lasers, radar, night vision systems, missile guidance systems, jet engines, and alloys for armored vehicles, also depend on rare earths.


But the number-one product we use rare earths to make is permanent magnets—components that convert movement into electricity, and electricity back into movement. Scientists began developing permanent magnets in the 1980s, when they figured out that adding a little bit of rare earth metals like neodymium and dysprosium to common metals like iron and boron produced a very powerful magnet. Tiny versions of these magnets make your cell phone vibrate when you get a call. Bigger ones turn the wheels of electric cars. And really big ones in wind turbines convert the movement of air into electricity. A single wind turbine can require as much as five hundred pounds of rare earth metals.


In the 1990s, almost all of these magnets were made in the United States, Japan, and Europe. Ten years later, most were made in China. That didn’t happen by accident. In the mid-1990s, two Chinese companies bought an American company called Magnequench, a GM spinoff that held the patent for a key type of neodymium-based magnet. The American government approved the deal on condition that the company stay in the United States for at least five years. “The day after the deal expired,” writes Sophia Kalantzakos in China and the Geopolitics of Rare Earths, “the company shut down its US operations; employees were laid off, and the entire business was relocated to China.”


The shift of the magnet industry to China was part of the epochal shift from West to East of so many heavy industries. This happened partly because developing countries—especially China, which began opening its economy to the global market in the 1970s—were eager to build their industrial bases, had lots of natural resources, and had millions of people willing to work for far lower wages than their Western counterparts. But it also happened because Western countries were tired of the pollution and destruction caused by industries like mining and started leaning on those industries to clean up their acts. “Things began to change in the 1970s,” laments a BusinessWeek article from 1984 titled “The Death of Mining in America.” “The North American industry was hit with large environmental expenditures. New competitors from the Third World appeared, many of them state-owned and blessed with abundant reserves.”


It wasn’t just the budding environmental movement that was pushing for a cleanup. Conservatives, too, felt a patriotic duty to keep America beautiful. It was President Richard Nixon, of all people, who created the Environmental Protection Agency in 1970. (Oddly, Nixon’s brother Edward later founded a company that helped sell Chinese rare earth products to Western industries.) Many felt that offshoring and outsourcing production was in the nation’s best interest. That way, Americans could just buy the products they needed, while the pollution generated by making those products stayed in someone else’s backyard. “In the last two decades of the twentieth century, the workload of the future energy and digital transition fell naturally between China, which did the dirty work of manufacturing green-tech components, and the West, which could then buy the pristine product while flaunting its sound ecological practices,” writes Guillaume Pitron in The Rare Metals War. But everything has a cost. America sloughed off its pollution onto other countries, but, in the process, it lost control over many of what have since become critical industries.


China saw the importance of rare earths early. The country holds as much as one third of all the world’s rare earths, including perhaps the single largest deposit of the metals, at the Bayan Obo mine in the province of Inner Mongolia, northwest of Beijing. The Chinese government began investing heavily in the industry in the 1970s, declaring rare earths a “strategic mineral.” Chinese officials made no secret of their ambitions. “Improve the development and application of rare earth, and change the resource advantage into economic superiority!” declared Chinese Communist Party general secretary Jiang Zemin in 1991. “The Middle East has oil. China has rare earths,” Deng Xiaoping added in 1992.


Bayan Obo’s ore is processed in the nearby city of Baotou, home to some two million people. Today, the area is the biggest hub of rare earth production in the world. Not by coincidence, it is also one of the most polluted areas on the planet.


Producing metals can generate pollution in many ways at each step of the process—mining the ore, refining it, and dealing with the waste by-products. Blasting ore out of the ground also blasts out toxic elements, which can be carried on the wind into rivers, farm soil, and people’s lungs. Separating any metal from its surrounding host rock requires crushing, smelting, and often treatment with chemicals. Rare earths are particularly tricky, partly because they appear in such small concentrations, and partly because there are so many of them. It often takes dozens of steps to separate rare earths from the ore and then from each other, including baking the ore at extremely high temperatures and bathing it in acid. Rare earths are also often found mixed with radioactive materials, such as thorium and uranium, which have to be separated and somehow disposed of. These processes also often release toxic gases and require water, which gets contaminated. At Bayan Obo, writes Klinger, “Every ton of rare earth concentrate produced generates approximately one ton of radioactive wastewater; seventy-five cubic meters of acid wastewater; 9,600 to 12,000 cubic meters of waste gas containing radon, hydrofluoric acid, sulfur dioxide, and sulfuric acid; and approximately 8.5 kilograms of fluorine.”


All of this can result in a huge range of poisons accumulating in the land and human bodies. By-products from mining and refining rare earth ores have polluted the nearby Yellow River and sown skeletal deformities and cancers among the inhabitants of the Baotou region. “Twenty minutes outside of Baotou,” writes Aaron Perzanowski in The Right to Repair, “sits a toxic lake described by the BBC as a ‘nightmarish . . . hell on earth.’ It is filled with ‘black, barely-liquid, toxic sludge’—the by-product of the nearby Baogang Steel and Rare Earth mine. This noxious muck has leached into local waterways and irrigation systems with devastating consequences. Decades before it became the center of the rare earth trade, Baotou was surrounded by fields of watermelons, eggplants, and tomatoes. These days, the soil can no longer support crops, the livestock has died off, and residents are battling leukemia and pancreatic cancer. Others report their hair and teeth falling out.”


To American policymakers, China’s rare earth industry is more than a threat to the local ecology—it’s a threat to US national security. Remember, China mines most of the world’s rare earth ore, processes almost all of it regardless of where it was mined, and manufactures the majority of the rare earth–powered permanent magnets that make windmills and electric cars work.


“China represents a significant and growing risk to the supply of materials and technologies deemed strategic and critical to US national security,” declared a 2018 Department of Defense report, singling out rare earths and permanent magnets as particularly worrisome vulnerabilities. “When China needs to flex its soft-power muscles by embargoing rare earths, it does not hesitate.” Nations cutting off supplies of important resources to their rivals is not a new tactic. OPEC member states imposed an oil embargo on Israel and its allies after the 1973 Yom Kippur War. The US itself banned exports of helium to Nazi Germany in the 1930s and of wheat to the Soviet Union after its invasion of Afghanistan in 1979. China is no different. In recent years, Beijing has threatened to throttle rare earth exports to American defense contractors in retaliation for US support for Taiwan. In 2023, China restricted exports of gallium and germanium, non–rare earth metals used for solar panels and electric car components, as well as graphite, a battery ingredient, in apparent response to Washington cutting off sales of computer-chip technology to some Chinese companies. “In this critical minerals and materials context we are up against a dominant supplier that is willing to weaponize market power for political gain,” US energy secretary Jennifer Granholm said in late 2023.
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