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Los Flamencos National Reserve, Atacama Salt Flat, Chile







PROLOGUE


Mining Water in a Desert


A high-altitude desert plateau traverses Argentina, Bolivia, and Chile. I am on the Chilean side, in the passenger seat of a Jeep, along with two other researchers. The afternoon air is thin and brisk, but the sun is piercing—a combination I am familiar with from years of living and traveling in South America’s Andean range. The landscape is a study in contrasts and contours: broad basins suddenly cut off by sweeping curves, flat expanses sliced by near vertical ascents. The Licancabur Volcano looms large above us. Vegetation and humidity levels change rapidly with the rising altitude, bringing cooler temperatures, wetter air, and denser plant life. We are driving from San Pedro, once a small town but now a metastasizing tourist hub, to the Salar de Atacama, the vast salt flats that contain the largest lithium reserves in the world.1


The space and time of our journey are occasionally marked by passing through one or another of the eighteen Indigenous (Atacameño, or Lickanantay) communities that ring the salt flat, each organized around one of the spring-fed streams that run down the deep ravines sliced into the slopes of the surrounding mountains. Each community has a relationship to its deified and named mountain, which a range of practices aim to appease in return for water and harvests. Local irrigation infrastructures channel this water to homes and small farms. The resulting “Mediterranean” microclimate creates fertile conditions for figs, pomegranates, quince, grapes, and maize.


We detour into the high mountains bordering Bolivia before careening back down toward the alluvial basin and the salar. En route, we pass an Atacameño family in the midst of an outdoor celebration. I buy a kilogram of fresh goat cheese, and then we take off for the salt flat.


A sandstorm, improbably though quite palpably interspersed with a rainstorm, engulfs us for most of the remainder of our drive. I’m not sure if I’ve ever felt so buffeted by so many elements at once: the whipping wind, the sky alternately grainy with sand and sparkling with raindrops, intense sunlight barely veiled by enormous gray clouds. And then, abruptly, the environment rearranges itself. The sand and sandstorm disappear, replaced by gradations of white and gray that stretch all the way to the mountains that still form the horizon.


This is the Salar de Atacama—the Atacama Salt Flat—the largest of several dozen salt flats in northern Chile and the third largest in the world, about two-thirds the size of my home state of Rhode Island. The brilliant white flat lies in a high basin 7,500 feet above sea level, enclosed by the even higher Andean Mountains to the east and the Domeyko Mountains to the west. We park and enter Los Flamencos National Reserve, 285 square miles of protected ecosystem, by foot. It is extremely dry and the solar radiation extremely high (the day we visited the UV levels were literally off the charts). To our left stretches unending salt crust. To our right, the crust is interspersed with lagoons. But the landscape is not all gray and white. Upon closer inspection, elegant Andean flamingos with pastel pink feathers are backed by the muted red water of the lagoons, an effect produced by the interaction of algae, sun, and wind.


This striking landscape—the salt flat, the flamingos, and the neighboring Indigenous communities—is under threat from a counterintuitive source: our efforts to save the planet from catastrophic climate change. Just beneath my feet are nearly one-third of the world’s lithium reserves, suspended in water saltier than the ocean.2 Lithium is essential to addressing the climate crisis. It is a key ingredient in the rechargeable batteries that play a starring role in eliminating carbon emissions from transportation and energy—the two highest emitting sectors. But extracting this lithium will come at escalating social and environmental costs. It is this dilemma that has brought me to the salt flat.
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THE ATACAMA IS THE WORLD’S OLDEST DESERT. THE HIGH-ALTITUDE, bone-dry landscape, with its dazzling days and spectacularly starry nights, formed twenty million years ago. And despite forbidding conditions, humans began living in the Atacama at least eleven or twelve thousand years ago.3 Nor were they isolated. The Andean plateau long enabled north-south movement, and by at least fifteen hundred years ago, the settlements of the plateau had become intensively linked by networks of trade and travel across the Domeyko Mountains’ passes with those of the more hospitable Pacific coastal plain.


But those more interested in the region’s minerals than its people or ecology have repeatedly declared it to be empty and lifeless. The narrative penned by Spanish historian Jerónimo de Vivar, who accompanied the conquistador Pedro de Valdivia in the 1540s, painted an enduring portrait of the landscape as “barren” and “unpopulated,” except for the valleys. In all of this expanse, he wrote, “it does not rain.”4 The winds were frigid, the risk of death by thirst palpable. Accordingly, Vivar called the vast space “el gran despoblado.” In Spanish, the word despoblado is ambiguous. It can mean simply unpopulated, or it can mean depopulated, implying a change over time.5 A deserted desert, in other words.


To the Spanish, this imagined emptiness justified their colonial domination. After independence in 1818, Chilean authorities appointed experts to explore and map the region and to assess the desert’s “economic potential”—specifically, its “mineable wealth.”6 They reproduced the tropes of colonial conquest, emphasizing the same extreme aridity, hostility to life, and emptiness.7 They urged the state to provide support for private firms to exploit the riches of this ostensible terra nullius—and it did.


Government policies encouraged resource extraction, which then incentivized more government support, in an accelerating cycle. In 1858, because of the discovery of copper nearby, the government declared the fishing village of Taltal a state harbor.8 Railroads would later link it to new inland nitrate mines, confirming it as the coastal logistical hub of multiplying extractive spokes. The state built an elaborate system of wells and pipelines to provide crucial water access for mining operations. The legal infrastructure of Chile’s Mining Code of 1874 further facilitated the private appropriation of subsoil wealth. By the late nineteenth century, silver, gold, copper, and nitrate production was booming. Over a century later, the state still depends on the revenues generated by mining and is looking toward its next resource boom.


Today the Atacama Desert is best known as an extractive frontier, rich in two minerals key to the energy transition: lithium and copper. Abundant in resources—but supposedly devoid of life. Wealth, free for the taking, with purportedly no one and nothing harmed in exchange. State and capital, scientists and maps, minerals and water, laws and property rights, pipes and ports . . . and narratives that erase thousands of years of human habitation and flatten a complex ecosystem into a lifeless blank slate. This is how extractive frontiers are made.
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WHEN IT DOES RAIN IN THE ATACAMA, IT’S HARD TO OVERSTATE the intensity of the floods. I once found myself caught in what is called invierno boliviano, or Bolivian winter, a paradoxical name for a weather phenomenon that occurs during the Southern Hemisphere’s summer months. These rainy fronts originate in the Amazon and travel up the steep slopes of the Andean Mountains, where Bolivia’s high-altitude winds then drive them up and over the ridges, until their torrents drench the Chilean high plateau.


Rainbows were the first sign that precipitation was making its way toward us. I was on a guided trek with a group of tourists, walking on the path along a narrow ridge in el Valle de la Luna (the Valley of the Moon), trying to keep from falling over the steep cliffs on either side while gazing up at the deep red, undulating mountains and impossibly smooth sand dunes. Suddenly, multicolored banners appeared in the sky, one after the other, tracing myriad arcs from peak to peak. There were so many rainbows, I lost track trying to count them. The enchantment was dizzying. But by the time we had driven back to San Pedro de Atacama, the landscape was shrouded in rain. Our preparations for the dry heat, our sunglasses and water bottles, suddenly seemed absurd. The town itself was submerged in darkness—the rain and winds had cut the power supply. We ate by candlelight, still shivering in our damp clothes.


The morning’s light revealed the damage. All roads south of Toconao, an Atacameño village 20 miles from San Pedro, were closed. The desert grasses of the alluvial plain to the left of the road, like the jaunty tufts of gold-green paja brava, were completely submerged. The water, made dark by the sediment it carried, was still rushing past, even though it was no longer raining.


My plans to visit a lithium mining operation foiled by the flooding, I entered Toconao instead. The river running through the town was the main attraction. Here, high up on the Andean plateau, rivers form the centerpieces to ancestral irrigation systems. They are literal oases: You can spot a village from miles away by the cluster of green trees standing out against the otherwise muted tones of the surrounding landscape. On that day, the river ran so high, swirling with white rapids, that the residents had closed all the town’s locks to protect farm plots from flooding.


The scientific term for closed basins like the Atacama is “endorheic” (etymologically, “inside” and “flow”) for water can flow down into the Atacama basin, but it cannot leave—except by evaporation. And this is the key to Atacama’s extraordinary lithium brine.


After deluges like the one I experienced, water pours down the surrounding mountains; during the long dry spells between storms, it trickles down ravines from the precious mountain springs. As it flows, the water leeches lithium from the volcanic rock, picks up wind-scoured lithium dust, and carries it down to the nucleus, or center, of the salar.9 This pooled surface water can only escape through evaporation, and with every drop of water that evaporates, the concentration of lithium in the remaining brine increases. Without the parched and sun-blasted Atacama’s extraordinarily high evaporation rate, lithium concentrations would not reach the “economical” levels prized by mining companies.


Yet further lithium enrichment takes place out of sight. Remaining water gradually seeps into the ground, creating underground wells of lithium-rich brine. These wells are linked into complex hydrothermal systems. Then the heat of magma, especially near the Andes’ active fault lines, drives circulations of subsurface brine through fissures and porous geological strata, dissolving even more lithium out of the subsurface rock.10


The resulting brine deposits anywhere from 4 to 200 feet below the Atacama’s salty crust represent a potential bonanza to corporations. The Atacama’s singular coincidence of climactic, geological, geothermal, and hydrological conditions makes it one of the least expensive places on earth to mine lithium.11 And at each step, the process of “mining water” is intimately related to the very environmental conditions that formed the valuable deposits in the first place: Miners pump the underground brine to vast evaporation ponds on the surface, where natural evaporation concentrates the brine yet again, increasing its lithium levels fortyfold from approximately 0.15 percent to a whopping 6 percent. One cycle of the process can take ten to twenty-four months, depending on brine quality and weather conditions.12


Two of the world’s largest lithium miners, SQM and Albemarle, tout this extraction method as “environmentally friendly” and “sustainable.” Official corporate statements celebrate that compared with hard rock mines, such as Western Australia’s spodumene deposits, “brine production is a very eco-friendly way to produce lithium,” with a “very low CO2 footprint” and using “very few [sic] freshwater.”13 But this relatively low-cost, low-tech, and supposedly low-impact extractive process nonetheless imperils the species and communities that call the Atacama Desert home. And it is a microcosm of a planetary phenomenon: the expanding extractive frontiers of green capitalism. Everywhere that mines are dug up to provide raw materials for the energy transition, global climate action comes into conflict with local environmental protection.


Mining always transforms, in many ways irrevocably, the landscapes in which it occurs.14 In remaking the earth in the image of extractive capital, physically and chemically separating what is deemed valuable from often toxic waste, mining evokes the image of terraforming so central to science fiction. But if terraforming is supposed to make a lifeless planet as verdant as Earth, mining, to the contrary, often leaves parts of the Earth itself uninhabitable. While the environmental impacts of mining brine are less obvious to the naked eye than, say, mountaintop removal, extracting the lithium-rich liquid does in fact threaten a fragile, desert water system, along with the ecosystems and people that depend on it.


The anthropogenic reshaping of nature is complex when the deposit in question is fluid. Unlike traditional hard rock mining, mining water rearranges both the brine deposits at the center of the salt flat and the freshwater aquifers at its perimeter.15 Pumping brine on an industrial scale creates a cone-shaped subsidence around each extraction well. As a result, freshwater at the salar’s perimeter flows toward its center, away from the aquifers between the foothills of the towering mountain ranges and the edge of the vast salar.16 Meanwhile, precipitation replenishes those vital freshwater sources very slowly. A recent study found that nearly all the freshwater stored in aquifers is at least sixty-five years old.17


There is active scientific debate about precisely how much lithium mining reduces freshwater availability in the Atacama. But even those researchers who are most sanguine about the impacts of the lithium industry admit that current legal freshwater allotments to mining and agricultural companies have little basis in hydrological reality.18 Even though copper mining and agriculture consume much more freshwater than the lithium sector, side-by-side comparisons of the consequences of each use of water obscures the simple fact that all three are happening simultaneously in the Atacama, constituting a direct threat to water access in the driest desert on earth—with severe consequences for the eighteen Atacameño communities that ring the salt flat.
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THE WORLD’S OLDEST, DRIEST DESERT MAY APPEAR BEREFT OF LIFE. Ecologists call it a “polyextreme” environment, given its altitude and high direct solar radiation, its intense aridity, its huge diurnal temperature swings, and its densely saline lakes. Those who study such polyextreme environments alternately describe them as low-diversity, with relatively “simple” webs of life,19 or “astonishing” in their biodiversity.20 It all depends on perspective. Plants and animals have evolved to make do with less and saltier water and, above all, the abundant energy of relentless sun. Extremity stimulates nature’s creativity.


Artemia, or brine shrimp, thrive in hypersaline lakes that would be intolerable to most species.21 These tiny creatures are a key node in the plateau’s food chain. The brine shrimp eat bacteria and phytoplankton (microscopic plants) and are, in turn, food for Chilean flamingos. The flamingos, too, have adapted to the saline lagoons, evolving a filter in their bills akin to the lamellar membranes of oysters or whales to strain the microscopic plants and animals from the brine.22 The relationship isn’t just one of predator and prey. The tiny crustaceans cling to the flamingos, hitching a ride as the birds migrate and thus dispersing themselves across the myriad salty lakes of the Andean plateau.


The flamingos are a barometer of wetland health. As the birds travel the salt flats in search of food and mates (attracted through a courtship ritual of synchronized dancing), they link together the saline lakes into a web of habitats.23 And as these habitats suffer, so do flamingo populations: All three of the Atacama Salt Flat’s endemic flamingo species are in decline.24 The distinct drivers of this population loss reveal the compounding harms afflicting this fragile environment. Warmer average temperatures due to climate change evaporate surface water faster, reducing the blue-green algae essential to flamingo and Artemia diets. And the noise and traffic associated with mining operations appear to directly disrupt the flamingo’s breeding.


Though less charismatic than the improbably pastel pink birds, unique endemic plants have achieved impressive feats of resourcefulness and endurance. Indeed, scientists have called the region an “unparalleled natural laboratory” to understand how plants adapt to “extreme environmental conditions.”25 Species like Solanum chilense, a wild desert tomato, or the flowering Azorella atacamensis, with its anti-virulent properties, cope with high solar radiation and frigid nights and can likewise survive prolonged droughts punctuated by intense rains. Given the desert soil’s limited absorptive capacity, much of the rain runs off in flash floods, offering the plants only a short and unpredictable window to quench their thirst.


These plants of the Atacama, whether wild or domesticated, tell stories. One story is of human knowledge accumulated across millennia, enabling communities to cultivate sustaining harvests in a hostile environment. Another is of the origins of organic life on earth—and its possibility on other planets. And another is how aspects of our future may be prefigured in the desert’s past. The very conditions that these plants have evolved to withstand are more and more common the world over. As humanity faces a warmer and drier future, researchers are exploring whether relatives of the staple crops able to thrive in Atacama, like legumes and potatoes, might help feed future generations in a hotter and more arid world. For plant biologists concerned about global food security, the Atacama is a “genetic goldmine.”26


The Atacama offers access to other realms of knowledge as well. Its vast and austere geometries, its mountains and basins, valleys and ridge lines, its craggy textures, and its palette of gray and white and red and brown conjure up the landscapes of the moon or Mars. But its link to other worlds is not just a poetic analogy. Atop a ridge 5,000 feet above sea level, far from any light pollution, through the moisture-less air, the world’s largest astronomical project, the ALMA (Atacama Large Millimeter/submillimeter Array), has an unparalleled view of the galaxy.27


And, out of view, there is yet another real alien world in the hypersaline lakes and subsurface brine deposits of the Andean plateau. These are liquid habitats for the captivating microorganisms classified as “extremophiles”—literally, lovers of the extreme, because of their ability to withstand salty water, parched air, and relentless sun.28 The very existence of these bacteria upend prior scientific assumptions about microbial habitats and deepen our understanding of biological evolution on earth—and of the possibility of life on other planets. Such organisms were at the origin of the earth’s evolutionary history, and they in turn propagated yet more life, enabling oxygenation and helping cause what evolutionary biologists call a “biodiversity explosion” 2.5 billion years ago. In this sense, the salt flats and their salty lakes are at once a living record and an ongoing recapitulation of billions of years of planetary history.29


In the lithium-rich brine deposits far below the desert surface, one of the saltiest environments on earth,30 single-celled archaea predominate. Without access to the sun, they generate energy from inorganic chemicals in a process known as chemosynthesis, rather than the more familiar photosynthesis. Amazingly, this life can still be found in the dense, super salty water even once the brine is pumped to the surface. But the pumping and evaporation of brine fundamentally alters its microbial profile, allowing bacteria to overgrow the archaea. Some scientists have therefore called for a “framework of conservation” to protect the bacteria and archaea that are lithium’s neighbors.31


Researchers are struggling to predict the overall direction of the multiple compounding and confounding processes changing the Atacama. Global warming leads to faster rates of evaporation of water in the surfacing lagoons, making their salinity more than species had originally evolved to withstand, at the same time that lithium mining’s rapid pumping up of brine draws freshwater from aquifers into the subsurface brine, reducing its salinity.32 Science can only play catch-up, documenting the impacts long after the harm has occurred. Lithium extraction’s threat to the liquid supporting its ecosystem is a slow-motion disaster with planetary causes and consequences.


Mining companies typically portray brine as lacking any environmental value. Yet scientific research has revealed that the brine is not only an essential constituent of the plateau’s broader ecology, but an entire ecosystem unto itself. This fact raises existential questions for the planet’s zero-carbon future.


In the Atacama, global supply chains intersect with local food chains, webs of economic production undermine webs of life, and colonization and postcolonial state-building erase ancient histories of continuous Indigenous settlement. And these unexpected entanglements are just the beginning of the story. In more ways than I could have imagined when I first stepped foot on the Atacama Salt Flat on that blustery day, this extractive frontier is a portal into our planetary future.




CHAPTER 1


Earthly Entanglements


Lithium is the third element in the periodic table. It is the lightest, least dense metal—although it is never encountered as such in nature, as it’s too reactive to exist without being bonded in a compound. Lithium ions and minerals appear in an impressive range of environments: hard rocks, liquid brines, soft clays, and even oceans (albeit at very low concentrations). It has an equally impressive number of uses, from oven-safe cookware to psychotropic pharmacology to the role it is now playing on history’s grand stage: as an essential ingredient in rechargeable batteries.


The renewable energy transition depends on electrification—and electrification depends on rechargeable batteries. If we are to have any chance whatsoever of avoiding the most catastrophic climate scenarios, we have no choice but to slash carbon emissions, especially in transportation. The transportation sector is the single largest contributor to the US carbon footprint and the second largest source of global carbon emissions. And the batteries that make it possible for cars to run on wind and sun instead of fossil fuels depend, in turn, on refined, high-purity lithium compounds. Lithium batteries are also emerging as essential for the energy sector. As our energy systems incorporate more electricity from intermittent sources like sun and wind, storage is crucial—otherwise the energy would only be available when the sun is shining or the wind is blowing. Large, “utility-scale” batteries are thus vital to balance the energy grid.


Lithium has become a “critical” element in the energy transition. The International Energy Agency (IEA), an intergovernmental organization, predicts that demand for lithium will skyrocket under a scenario of rapid green transition. The organization estimates that the demand in 2050 will be ten times that of demand in 2023—the single largest growth forecast of any of the “critical minerals” the agency surveyed.1 And lithium is not the only energy transition material that is forecasted for increased demand. The manufacturing of solar panels, wind turbines, and electric vehicles, to name just three essential technologies of our renewable era, requires a veritable periodic table of inputs wrested from the earth’s crust: lithium, graphite, copper, iron, rare earth elements, nickel, cobalt, bauxite, silicon, manganese, and many more. The copper sector, which already serves an enormous global market, will need to grow by 150 percent by 2050.2 We will need twice the amount of aluminum in 2050, refined from mined bauxite, than what we produce today.3


Skyrocketing demand means more mines. Benchmark Mineral Intelligence estimates that meeting global lithium demand in 2035 will require between 59 and 74 new and fully operational lithium mines (the exact number depends on recycling capacity).4 Looking at a range of minerals required for battery production, the analytics firm predicts between 336 and 384 entirely new mines will need to be built and in production by 2035 to satisfy global demand for lithium, graphite, cobalt, and nickel. This would be in addition to 54 plants pumping out synthetic graphite (which, by the way, is made from coal).


And this is just for batteries. If we add figures from the World Bank for other renewable energy supply chains, solar panel production could require over 200 million tons of cumulative mineral demand by 2050, primarily aluminum (and secondarily copper).5 Wind turbines would need as much as 350 million tons more iron—their single largest raw material input—in addition to 125 million combined tons of zinc, copper, aluminum, chromium, manganese, and rare earth elements.


The numbers are staggering. Every single supply chain of green technologies and infrastructures involves mining—and every kind of mining since the dawn of capitalism has brought with it boom-and-bust cycles, social conflicts, and environmental harm.


Extraction is the material foundation of a zero-carbon world. And that is a key reason that “green capitalism” can read like an oxymoron. How can capitalism ever be green if even the technologies and infrastructures needed to harness renewable energy require digging several hundred new large-scale mines in the span of a decade?


Green capitalism does not mean that capitalism is becoming ecologically sustainable. Instead, it refers to the emergence of new economic sectors and supply chains labeled as “green” because of their role—proven or unproven—in addressing the climate crisis, whether by decarbonization or adaptation. It likewise refers to a worldview. Promoters of green capitalism see profit-maximizing firms and business-friendly governments as the main protagonists in the drama of the energy transition—and assert that market-driven innovation can save the planet, without major changes in how our economy works.


Extractive frontiers are not just unfortunate blemishes on otherwise “clean” energy, nor are they tragic but inevitable flaws in an otherwise virtuous economic system. Instead, extractive frontiers provide a fresh, if bracing, perspective on green capitalism from the vantage point of the earthly origins and entanglements of everything around us. This perspective cautions us against the temptations of technical fixes, escape-from-nature fantasies, or a purely post-extractive society. It links the brutal past of colonialism to the stark injustices of the green future—and the geopolitical battles pitting the Great Powers against emerging powers, with governments around the world trying to find their foothold in the supply chains of the twenty-first century.
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WILL THERE BE ENOUGH LITHIUM TO POWER THE TENS OF MILLIONS of new electric vehicles slated for production by the end of this decade? In theory, the answer is yes. Lithium is not scarce. Deposits have been discovered on all seven continents, including Antarctica, and it is the thirty-third most common element in the earth’s crust and waters.6 And although almost all the world’s lithium currently emanates from a handful of countries (Australia, Chile, China, and Argentina), the list is expanding, with lithium mining ramping up in Zimbabwe, Brazil, Canada, and elsewhere.


Notwithstanding these developments, the IEA expects that lithium demand will outstrip market supply after 2030, based on existing and announced lithium mine projects.7 Wood Mackenzie predicts this inflection point will happen a few years later, in 2033.8 In contrast, Benchmark Mineral Intelligence predicts this will happen sooner, in 2028.9 Copper, too, will “fall significantly short” of global needs by 2040.10 This is part of what it means to call these raw materials “critical minerals”: Experts have deemed these minerals essential to energy systems, national security, or the broader economy, yet supplies are either insufficient or vulnerable. Bringing new mineral supplies into the global market is rarely a rapid or smooth process. Depending on the country, it can take ten to thirty years for the discovery of a new deposit to become a productive mine.11 Those lengthy time frames reflect the surprising number of things that, from a corporate perspective, can go wrong: permitting challenges, financing woes, community protest, labor strikes—not to mention increasingly unpredictable weather and ever-scarcer water, which can disrupt operations. This by no means implies that minerals are always in shortfall. The underlying unpredictability entails that supply can just as easily overshoot demand. That’s because the same factors that make mining so time-intensive also mean that when supply does ramp up, demand may have softened for other reasons.


But it gets even more complex. The economics of critical minerals is not a simple matter of supply and demand. Today, market dynamics take place in a world increasingly defined by “geoeconomics”: the fusion of national security and economic policy that is a hallmark of our era.12 States compete against each other in a global contest to achieve national dominance over the supply chains for electric vehicles, solar panels, and semiconductors. To this end, governments cajole multinational corporations to invest within their borders—or send them packing if they’re too closely allied with an adversarial state.13 And amid these contests of economic and political power, marginalized communities and precarious workers are demanding a say in the future of mining. The only certainty, in other words, is volatility.


To understand the high stakes, let’s imagine two very different futures.14


First picture a world in the grip of recurrent shortages of the metals needed to build solar panels or electric vehicles. Especially in today’s geopolitical climate, interstate competition for dwindling reserves could get fierce. Governments might increasingly resort to trade protectionism—including outright bans on exports—or, worse, the use of force to secure access to raw materials. Now factor in the profound inequalities separating the globe’s richest countries from its poorest. If affluent countries hoard resources, how will the majority of the earth’s inhabitants access renewable energy technologies? An undersupply of lithium, copper, or graphite would mean a slower and more uneven energy transition, with global consequences for our ability to mitigate the climate crisis.


In stark contrast, imagine an alternate future of mineral abundance, in which electric vehicles are more affordable to working-and middle-class people around the world. With the problem of scarcity removed, low-and middle-income countries also have access to the minerals so critical for renewable energy. With fewer tensions around supply chains, nations are willing and able to cooperate on emissions targets and ensure access to climate finance. In such a world of plenty, massive deployment of green technologies generates economies of scale that further drive down cost, buttressing not only the economic feasibility but also the political popularity of the energy transition, all while spreading its benefits more broadly.


These radically different futures map onto two schools of thought on energy transition minerals. One set of experts contends that there are enough minerals; the other predicts chronic gaps between available supplies vis-a-vis growing demand. These are simplifications, of course. For example, the optimists acknowledge the possibility of temporary shortfalls. But as self-identified “ecomodernists,” they have faith in the combination of market forces and technological progress to drive new mining and innovative substitutions.15 They point, for example, to the growing popularity of cheaper cathode chemistries, such as lithium iron phosphate, or to replacements for lithium altogether, such as sodium batteries, which are growing closer to commercial viability.


The doomsday view, for its part, offers a few off-ramps from apocalypse. While the pessimists tend to present supply as a hard constraint, some among them see demand as more malleable, embracing a philosophy known as “degrowth.” From this perspective, the best solution to mineral scarcity is to reduce consumption, particularly the elite lifestyles that produce the largest carbon footprints: bans on private jets, caps on energy use, and a massive shift from individual cars to mass transit.16 Degrowth, the thinking goes, would alleviate pressure not only on market supplies but also on the ecosystems, watersheds, and communities that bear the brunt of extractive harm.


Both the optimists and the pessimists have valuable insights. At the same time, both schools of thought miss key dynamics of the political economy of extraction. “Is there enough?” is the wrong question to ask. As the pages of this book will make clear, extraction is never just about what’s underground. And, besides, our understanding of “what’s underground” changes over time. Improvements in geological knowledge, innovations in mining techniques, and shifts in global markets create new extractive frontiers. In the mid-1950s, American geologist M. King Hubbert predicted that US oil production would “peak” in 1970—one of many moments of recurrent concern that oil supplies, whether in the United States or globally, were near exhaustion.17 Decades later, the shale revolution, more commonly known as fracking, opened entirely new territories for oil and gas. These days, the United States is the world’s top oil and gas producer, with production of both exceeding the predicted 1970 apex.18 It is increasingly likely—and of course from a climate perspective, eminently desirable—that demand for fossil fuels will dwindle before supplies do.
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WHILE RESEARCHING THIS PROJECT, I HAVE WALKED SOMEWHAT unsteadily across the uneven ground of the Atacama Salt Flat, scrambled up to a ridge in Nevada’s Silver Peak Range, and sat by the banks of the Covas River in northern Portugal, where I enjoyed a cool breeze for the first time all day.


These locales are singular, striking, incommensurable. At the same time, each of these places occupies only one of so many nodes in a vast economic web. Flows of money, goods, people, and knowledge link peripheral zones to the centers of economic and political decision-making in financial districts and capital cities. Seemingly defying the laws of physics, each of these locales is in fact “two places at once,” in the words of environmental historian Jason W. Moore.19


On the one hand, mineral deposits are necessarily rooted in place, artifacts of the deep time of geological history, with their accessibility to humans conditioned by topography and climate. For globe-trotting capitalists, these territorial specifics are at once a blessing and a curse. Just as their offerings—copper or oil, lithium or gold—appear as “free gifts of nature” ripe for the picking, so, too, does their fixity in space pose problems.20 Capital craves movement. Mobility optimizes profitability by allowing corporations to scan the world for where they can obtain the highest returns on investment and the least exposure to risk. Mobility also offers a degree of protection from taxes or regulations—and strikes or protests. In contrast, place-based investments come with sunk costs that tether companies in place, potentially boosting the leverage of local governments, communities, and workers. The costs start with the very first stake in the ground, and they accumulate over time.


On the other hand, as fixed in place as such frontiers are, they are also as intimately bound to the volatilities of global capitalism as Wall Street or the City of London, and to geopolitics as Washington DC, Brussels, or Beijing. At first glance, extraction would appear to be the very moment at which a supply chain starts. But the minerals being mined are as much outcomes as inputs, their utility and value shaped by the goods and services they play a role in creating. Likewise, a frontier’s political importance, or the policy decision to designate its natural resources as “critical” or strategic, is not a given, but wholly contingent on the shifting calculi of state officials and the evolving needs of global production.


I first started connecting these dots in Chile. In Santiago, the country’s capital, I frequented the elegant government buildings of the historical downtown, speaking with water regulators who bemoaned their limited powers to calibrate the delicate balance of freshwater and expanding extractive sectors in the Atacama Desert. I also confronted a wall of security guarding an opaque corporate bureaucracy in the toniest part of the city, the headquarters of lithium giant SQM. In the graffiti-strewn headquarters of a national labor federation, a longtime organizer who had spent time in prison under the infamous Pinochet dictatorship captivated me with his dream to nationalize lithium and use it for the public interest. From there I traveled to the tiny offices of a regional anti-mining network where a stoic leader I had first met years ago, on the frontlines of a fight over a gold mine in highland Ecuador, recounted the transnational struggles brewing over lithium across the Andean plateau.


On my trips to the country’s north, competing imaginaries of the lithium frontier took shape before my eyes. After my first breathtaking encounter with the Atacama Salt Flat, I witnessed a heated public debate as the local Indigenous council’s position on the sector evolved. The group had recently radicalized its stance on mining, vowing to oppose all new projects. That same week, an unusually intense—but now more frequent due to climate change—rainstorm temporarily flooded the desert, submerging the hardy paja brava grasses and rendering impassable all roads south of the beautiful village of Toconao. The rains prevented me from visiting mining installations and reminded me that an increasingly unruly nature can impede not only fieldwork but also extractive operations. These experiences were bookended by dusty hour-long rides between Calama’s airport and San Pedro. Those journeys took me past wind turbines that brought to life the dream of “green mining”: the notion that lithium and copper extraction could occur with minimal environmental impact and be fully powered by renewable energy before making their way into supply chains that stretched to Europe, China, and the United States.


It was in Chile, then, where I first saw Indigenous communities and environmentalists, labor unions and left-wing parties, globally connected elites and multinational corporations, scientists, lawyers, and regulators conjure different green futures. It was in Chile where lithium’s “strategic” status was first encoded into law and where politicians and corporations have branded the sector as the vanguard of “sustainable” extraction. And it was in Chile where I first encountered the dilemmas at the heart of this book: conflicts between renewable energy and Indigenous rights; between climate action and biodiversity preservation; between green sacrifice zones and green profiteering.


If Chile inspired this book, though, it was a serendipitous trip to the headquarters of the European Union that gave me my first inkling of the world-historic dimensions of battles over the strategic minerals of the twenty-first-century green economy. What I learned during that visit upended assumptions I had formed over more than a decade of research on mining and oil in Latin America. I went into this project assuming that the extractive frontiers of green capitalism would recapitulate the sordid history of global inequality and injustice: five centuries of Great Powers pillaging copper, silver, gold, tin, oil, timber, rubber, cotton, sugar, tobacco, opium, and much more from the places they dominated.21 It is still very much the case that capital extracts the most from nature and workers in former colonies in the Global South and that natural resources continue to flow from south to north. However, as I would soon discover, the world’s dominant powers had begun to revise their cold calculus.


Mining proceeds apace in the vast extractive zones of the planet’s peripheries, but the governments of the most powerful countries now also seek the comforting security of raw materials sourced closer to home. In Brussels, I was startled to learn that policymakers aspired to European “self-sufficiency” in “critical minerals”—a bold, and perhaps unachievable, goal for a continent almost entirely dependent on metals imported from abroad. This was late 2019, mere months before COVID-19 was detected in Italy, triggering a series of events that only further reinforced EU officials’ new interest in supply chain security.


On the other side of the Atlantic, similar ideas were taking hold in Washington, DC. It was Trump’s first term, and he had campaigned on economic nationalism: nostalgia for a bygone era of American manufacturing combined with xenophobia toward China, immigrants, or anyone who could be scapegoated for hollowing out domestic industry. Biden likewise embraced the domestic production of green technologies from mine to factory, with top officials openly criticizing the prior paradigm of free trade and globalization.22 This push has only gained momentum. On the same day that he was inaugurated for a second term as president, Trump signed an executive order aiming to “restore” America’s “mineral dominance.”23 In both the European Union and United States, policymakers have particularly emphasized the strategic importance of onshoring “critical minerals”—with electric vehicles, their batteries, and their essential input of lithium taking center stage.


If the very affluent countries that had long benefited from faraway resource frontiers actually began bringing extraction home, I wondered, would the stark economic and ecological inequalities of the world order be reversed? In other words, would onshoring be a step toward a more even distribution of the harms and benefits of extraction? But as I learned in my journeys to Nevada and Portugal—two places slated for more lithium mining as a result of US and EU policies—extraction is not just distributed unequally between world regions, or between poor and rich countries. It is also experienced differentially within regions and countries. Expanding lithium mining in the southwestern United States, with its intertwined legacies of Indigenous dispossession, toxic mining, and nuclear testing, does not repair harm in Chile, nor does it advance the cause of global justice.


As important as it is to govern extraction better and to distribute its costs and benefits more equally, I have come to believe that it is also vital to reduce extraction overall. I’m agnostic about whether or not we should call such a change “degrowth.” But one thing is clear: The race for new frontiers is fed by the relentless demand for raw materials to feed the factories of global capitalism that furnish consumer lifestyles, especially for the affluent.


[image: ]


DISCUSSIONS OF GREEN CAPITALISM INCREASINGLY FOCUS ON SUPPLY chains. But what, precisely, is a supply chain? The term calls to mind a linear process that starts when raw materials are extracted or harvested and ends with a consumer purchasing a finished product (or, more accurately, discarding or recycling it). As we will see throughout this book, however, although mining chronologically precedes manufacturing, it is manufacturing’s voracious appetite for raw materials that compels the extraction of resources in the first place. To drive this point home, some scholars call the zones where large-scale mining and agriculture take place “commodity frontiers,” emphasizing the intimate connection between extraction and commodity production.24


Rubber is a great example of this dynamic.25 For centuries, Indigenous peoples in the Brazilian Amazon had foraged wild rubber. They did so at a small scale, intermittently, and without recognition of property rights. It was not until the mid-nineteenth century that the growth in British, American, and European tire production (initially for bicycles, later and more massively for the automobile) drove a boom in Brazilian rubber. By the early twentieth century, Brazil’s rubber exports came second only to coffee. The relentless demand from those downstream industries transformed the rubber extraction process. Corporations enslaved and otherwise coerced Brazilian laborers to tap rubber from trees in massive plantations. The production of tires at the “end” of the supply chain drove extraction and exploitation at the “beginning.”


Over the past five hundred years, the world’s commodity frontiers have been remade many times over. From the late fifteenth through mid-twentieth centuries, colonial and imperial powers often procured raw materials directly from the territories they conquered. Brazil, for example, lost its status as top rubber producer when the British Empire began to source domesticated rubber from its colonies in Sri Lanka and Malaysia.


With the takeoff of industrial capitalism, large corporations emerged as key players in the global hunt for resources. During the era of Fordism (ca. 1913–1973), titans of industry attempted to establish their own mini-empires.26 With the goal of vertical integration, large corporations internalized various stages of production—including raw materials and energy. Ford’s River Rouge plant, completed in 1927, not only integrated the manufacturing of the car’s components, but also produced the necessary steel on-site using iron ore and coal from Ford’s own mines. A year after bringing River Rouge into operation, Ford attempted to integrate rubber into his operations, too, establishing a plantation in northern Brazil. That effort, unlike the coal mines, ultimately failed.27


The economic crisis of the 1970s brought Fordism to an end, prompting the reorganization of global supply chains. Innovations in finance, container shipping, and logistics allowed corporations to dis-integrate, offshoring and outsourcing their operations not just across different firms, but around the world.28 The result was the complex, spatially dispersed, “sliced and diced” supply chains we know today.29 These corporate strategies aligned with, and were enabled by, government policies that encouraged capital, raw materials, and finished goods to move across borders with minimal regulations. This logic of economic efficiency extended to extractive frontiers: Mining would happen wherever it was easiest and cheapest, in low-income countries with abundant deposits and pliable governments.


Today, it almost seems like history is running in reverse. Neither policymakers nor downstream firms trust those bywords of globalization, “free trade” and “open markets,” to ensure reliable access to lithium battery supply chains. Instead, world powers like China, the United States, and the European Union are actively encouraging lithium mining to take place within their borders. “Onshoring” is being complemented by “friend-shoring,” in which countries sign agreements with allied nations to secure mineral supplies. And after decades of offshoring and outsourcing, automakers are directly investing in vertically integrated lithium mines, refineries, and battery factories. Just as combustion engines defined the history of an earlier era, lithium batteries reveal the fundamental transformations of today’s global economy as it passes through the triple crucible of climate change, energy transition, and geopolitical conflict.
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FROM A DISTANCE, RHYOLITE RIDGE APPEARED AS A CHALKY WHITE hill, its soft curves set against a cobalt blue sky. As I approached, shape and color fragmented into a jumble of irregular polygons whose hues spanned the spectrum of grayness. And the motley crew of rocks had company. A cluster of teardrop-shaped green leaves, each covered in tiny pale hairs, nestled among the jagged edges. Three hardy stems, crowned by a globe of delicate cream petals, sprung from their center.


The desert wildflower was here for the same thing I was, the same thing that had brought an Australian mining company and their drilling equipment to the Silver Peak Range in southwestern Nevada. Tiehm’s buckwheat (Eriogonum tiehmii), like the other species in its genus, has evolved to thrive in harsh conditions, including intense heat and aridity. The exceedingly rare plant lives only in soil abundant in both lithium and boron—and so, it grows only on Rhyolite Ridge, one of two such combined deposits in the world.30 These rocky 10 acres of public land are the only home Tiehm’s buckwheat has ever known.31


Rhyolite Ridge, the only habitat for this endangered species, is also the site for a planned open-pit mine. Between these two possibilities stand contradictory regulatory decisions, hundreds of millions of dollars in outside investment and US government loans, state and federal permits, and a tenacious campaign to save Tiehm’s buckwheat from extinction. The fate of this flower and the future of the energy transition are bound together.


The day before I visited Rhyolite Ridge, I drove west on US-95 from Las Vegas, where I had spent the week at a corporate lithium convention, to the ghost town of Goldfield. As the name implies, Goldfield was once a booming hub for gold mining. The parallels of past and present were impossible to ignore and imbued the looming lithium rush with a spectral quality. In 1906, Goldfield’s population was twenty thousand. Just four years later, three-quarters of the town was gone. In the interim, the state government had colluded with mine owners to brutally repress militant labor organizing, even convincing President Theodore Roosevelt to send hundreds of federal troops.32 In the years that followed, mining companies abandoned the town. Sources attribute the capital flight to the cost of extracting gold in Goldfield, where subsurface brine was liable to fill mining pits and had to be pumped out.33 The violent class conflict may also have played a role. Either way, a series of catastrophic fires ultimately sealed the town’s fate.34


Looking at what was left of Goldfield, I couldn’t help wondering whether the patterns of boom-and-bust cycles and state-sponsored violence would repeat in the extractive frontiers of the energy transition. History can weigh heavily on the present and the future. It can evoke nightmares. But it can also take the form of unfulfilled dreams: dreams of justice, of self-determination, of global cooperation; dreams of living well on our one and only planet.


But something else hit home during my drive to Goldfield. A radio announcement warned me of dangerous air quality, with toxic gases, pollutants, and particulate matter blowing in from across the border in California. The smoke came from the tail end of the Caldor Fire, which burned over 200,000 acres of forest in the Sierra Nevada in late 2021. Global warming scorched the western United States, setting more than ten thousand fires ablaze across the region that year alone. The fires themselves released an estimated 37 billion metric tons of carbon dioxide into the atmosphere, promising a future of relentless fires and floods. Looking out the window, a thick haze cloaked the Amargosa Range that runs along the eastern perimeter of Death Valley. The smoke tinged the mountains with subdued shades of light blue and gray, ombré tones that faded smoothly into the blue-gray sky. It suddenly struck me: Everything will happen at once. 


The climate crisis, lithium mining, the energy transition, and, hopefully, something like climate safety: These aren’t sequential steps in a linear trajectory but intersecting processes unfolding at increasing speed, bumping up against one another in time and space. We are currently in what energy systems analyst Emily Grubert calls the “mid-transition.”35 Renewables are being deployed, but fossil fuels remain dominant. Some corners of the economy are being decarbonized, while others continue to spew emissions and warm the atmosphere. This likewise implies multiplying extractive frontiers. Fossil capitalism is painfully undead; the mines to supply green capitalism are still being built.


There is no one simple trick to escape our earthly entanglement with nature’s bounty—nor to dismantle power relations that have sedimented into their own force of nature, transforming the planet in the image of extractive capitalism. The implications are quite material. The impacts of lithium mining will be intensified by the very climate crisis that its extraction is intended to allay. The political and economic insecurity exacerbated by extreme temperatures will destabilize supply chains, including those for lithium batteries. And the confluence of these processes will reshape conflicts over extraction, ratcheting up their stakes and intensity.
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