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PRAISE FOR COAL


“Freese makes her points convincingly and eloquently. . . . Freese paints a fascinatingly wide swath.” —Philadelphia Inquirer


“A thoroughly absorbing history.” —Boston Herald


“An engrossing account of the comparatively cheap, usually dirty fuel that supported the Industrial Revolution, inspired the building of canals and railroads to move it, and once made London and Pittsburgh famous for their air.” —New York Times


“Freese’s passion for coal is born out of her work. . . . Freese’s book is as much about the growing scientific evidence of the damage coal causes to the environment as it is about the social history of the Industrial Revolution.” —Financial Times


“Freese has a deft style and a knack for explanatory metaphors. And she enlivens her meticulously researched history with anecdotes and surprising facts. . . . Above all, Freese is a strong storyteller who captivates with detail.” —Minneapolis Star-Tribune


“A rich social, environmental, and political history that ends on a note of warning about the continued use of coal despite detrimental effects on the environment.” —Oregonian


“Ms. Freese writes her story well. . . . This, then, is a history of coal, an unglamorous substance that Ms. Freese makes glow like its namesake’s embers.” —Richmond Times-Dispatch


“A masterful piece of research and writing by . . . a talented author.” —Roanoke Times


“Fascinating. . . . It lingers hauntingly in the mind.” —New Statesman (UK)


“An engaging and interesting book, tightly documented and consistently readable. Freese makes a passionate plea for a more considered way of treating the earth, its resources and its inhabitants.” —Daily Telegraph (UK)


“Eloquent . . . unsparing. . . . The relation between carbon and climate change has seldom been so clearly and readably explained.” —Scotsman (UK)


“Freese’s fascinating account of King Coal’s place in the western world’s industrial expansion reminds us of its historical significance and the lengths to which we went in order to mine it.” —Sunday Times


“Concise and highly readable. . . . Freese has an excellent eye for unusual stories that fix the details of history in the reader’s memory.” —Globe and Mail


“Engrossing.” —Mail on Sunday


“Coal is required reading for anyone hoping to understand the context of our post-Kyoto environmental dilemma and the very foundation of modern civilization.” —Calgary Herald


“Absorbing. . . . Freese makes a convincing case that coal represents a grave environmental threat.” —Edmonton Journal


“Hugely entertaining, and fun to read. . . . There is so much here—the excitement of coal power, the fear of coal pollution, the search for alternative energy, and the possible futures of this planet.” —Mendicino Public Radio


“The history of coal, that unglamorous substance that environmental attorney Freese manages to buff until it shines like its distant cousin the diamond. . . . It’s dirty, it’s cheap, and its past—in Freese’s hands—makes for an intriguing, cautionary tale.” —Kirkus Reviews, starred review


“Deleterious to health and beneficial to wealth, coal contains a tension that makes its story a compelling one. . . . Freese’s combination of labor and technological history is fluid and evenhanded.” —Booklist


“A strong plea . . . asking governments to remove risk from the act of breathing.” —BookPage


“As this human history of coal makes clear, there are no easy answers. But books as lucid as Freese’s make a welcome contribution to the search for a sustainable energy economy.” —Natural History


“[Freese] humanizes her narrative with rich detail and clear, engaging prose.” —onEarth


“Given the particular chemistry of global warming, it’s possible that the decisions we make about coal in the next two decades may prove to be more important than any decisions we’ve ever made as a species. This book—full of lore, and also of insight—will give you all the background you need to understand why this subject is so vital.” —Bill McKibben, author of Eaarth: Making a Life on a Tough New Planet


“In Coal, Barbara Freese takes us on an enthralling journey, across time and across continents, using the fascination with coal and the crucial need for it as a way of approaching some of the most fundamental questions of human existence. Her style is engaging, her research impressive, her message an important one.” —Howard Zinn, author of A People’s History of the United States


“With her abundance of illuminating, often startling insights, Barbara Freese shows us how profoundly we are defined by our energy choices. This epic story illustrates the ways coal has redefined the role of workers, changed family structures, altered concepts of public health and private wealth, and crystallized a profound and enduring debate over national values. Coal has generated social movements even as it has consolidated power structures, and today it threatens to destroy the very civilization it helped create. An engaging book with surprises on virtually every page.” —Ross Gelbspan, author of The Heat Is On


“Barbara Freese has a nose for the links between things, technology, and culture. This is a book I’d like to put on my class reading list. I can think of no substance that has played so important a role in shaping industrial technology and the relative fortunes of competing economies.” —David Landes, author of The Wealth and Poverty of Nations


“Once Barbara Freese has the reader eating out of her hand with telling anecdotes. . . have you ever considered travelling by rail with a bucket of sand in your lap in case your fellow travelers catch fire?—she turns to sterner stuff. You are by then an addict, and you finish the book knowing a great deal more about global warming, Kyoto, and such than you ever thought you would. . . . A marvelous book.” —Liza Picard, author of Victorian London
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A Portable Climate


IN THE SUMMER OF 1306, bishops and barons and knights from all around England left their country manors and villages and journeyed to London. They came to participate in that still novel democratic experiment known as Parliament, but once in the city they were distracted from their work by an obnoxious odor. These nobles were used to the usual stenches of medieval towns—the animal dung, the unsewered waste, and the rotting garbage lining the streets. What disgusted them about London was something new in the air: the unfamiliar and acrid smell of burning coal. Recently, blacksmiths and other artisans had begun burning these sooty black rocks for fuel instead of wood, filling the city streets with pungent smoke. The nobles soon led popular demonstrations against the new fuel, and King Edward I promptly banned its use. The ban was largely ignored, so new laws were passed to punish first offenders with “great fines and ransoms.” Second offenders were to have their furnaces smashed.


Had the coal ban held up in the centuries that followed, human history would have been radically different. As it happened, though, in the late 1500s the English faced an energy crisis when their population rose and their forests dwindled. They learned to tolerate what had been intolerable, becoming the first western nation to mine and burn coal on a large scale. In so doing, they filled London and other English cities with some of the nastiest urban air the world had yet seen. They also went on to spark a coal-fired industrial revolution that would transform the planet. The industrial age emerged literally in a haze of coal smoke, and in that smoke we can read much of the history of the modern world. And because coal’s impact is far from over, we can also catch a disturbing glimpse of our future.


COAL IS A COMMODITY utterly lacking in glamour. It is dirty, old-fashioned, domestic, and cheap. Coal suffers particularly when compared to its more dazzling and worldly cousin, oil, which conjures up dramatic images of risk takers, jet-setters, and international conspiracies. Oil has always given us fabulously wealthy celebrities to love or hate, from the Rockefellers to the sheiks of the Middle East. “Striking oil” has become a metaphor for sudden, fantastic wealth—riches derived not from hard work but from incredible luck.


Coal does not make us think of the rich, but of the poor. It evokes bleak images of soot-covered coal miners trudging from the mines, supporting their desperately poor families in grim little company towns. Long past the time when it was actually part of our daily lives, coal is still considered mundane. Earlier generations’ familiarity with coal bred contempt for it; and though the familiarity has faded, the contempt lingers. Even today, children may have heard the warning that if they are bad, they will find nothing but a lump of coal in their Christmas stockings. They may never have seen coal, may not even know what it is, but they know that a lump of it (indeed, a lump of anything) is not something they want. Where oil is seen as a symbol of luck, coal is seen as a symbol of disappointment.


It’s easy, though, to imagine another culture—one with a greater appreciation of the past, and particularly of the ancient past—where coal’s reputation would be quite different. In that culture, the lowly lump of coal would be revered as the fossil that it is. Before mammals appeared, before the dinosaurs evolved, before the continents glided and crashed into their current positions, that lump was alive. It was part of an enormous swampy forest of bizarre trees and gigantic ferns—“monsters of the vegetable world,” as one nineteenth-century writer described them—that are no longer found on earth except for some that survive in greatly shrunken form. Most coal beds were part of the first great wave of plant life to leave the oceans and colonize the land, paving the way for animals to do the same and sheltering them as they took important evolutionary steps. In other words, coal is the highly concentrated vestige of extinct life forms that once dominated the planet, life forms that were themselves a critical link in the chain of environmental changes that made the emergence of advanced life possible. If coal were not so plentiful, one could imagine it lovingly displayed in museums, placed next to the (generally much younger) dinosaur bones, rather than being burned by the trainload.


Even more fascinating than what went into coal, though, is what has come out of it: enough energy to change the world profoundly. For billions of years, almost every life form on earth depended for its existence on energy fresh from the sun, on the “solar income” arriving daily from outer space or temporarily stored in living things. Like living solar collectors handily dispersed all over the planet, plants capture sunshine as it arrives and convert it into chemical energy that animals can eat. And plants don’t just convert energy, they store it over time—holding that energy within their cells until they decay, burn, or get eaten (or, in rare but important cases, are buried deep within the planet as a fossil fuel).


Animals eating plants take that stored energy into their bodies, where they not only store it in concentrated form but disperse it through space. A flock of geese, a pod of whales, a herd of caribou—they are all, on some level, mobile battery-packs. They gather solar energy that falls upon one patch of the planet and deliver it to another as they migrate; in this way, they make life possible for their predators even when, for example, the snow is thick and there is not a green leaf in sight. Life on earth is, in short, a vast and sophisticated system for capturing, converting, storing, and moving solar energy, the evolutionary success of each species depending in significant part on how well it taps into that system.


In the animal kingdom, one of the species that can most efficiently turn the calories of its food into useful mechanical energy is our own; humans need about half the calories that, say, a horse needs to exert the same physical energy. Our metabolisms are astonishingly energy-efficient, and that undoubtedly gave us an evolutionary advantage over other species. Perhaps this advantage helped give us the big brains we needed to figure out yet another way to tap into the stream of solar income captured by plants: fire.


By burning plants—especially plants we couldn’t eat, like trees—humanity leapt beyond the physical limits imposed by its own gastric and metabolic systems and released far more solar energy than ever before. It was, of course, a momentous step. Fire is one of the distinguishing features of our species. Only people use fire, if by “people” we include the primates that would eventually evolve into people, because we began controlling fire perhaps some half-million years ago, long before Homo sapiens emerged. This new means of controlling energy reduced our vulnerability to the forces of nature, particularly during the long ice ages that repeatedly gripped the earth, and helped make us fully human.


Eventually, people stopped wandering across the land hunting and gathering food and began to grow it instead, a milestone archaeologists generally consider the beginning of civilization. Fire—and the unusually stable climate that has prevailed over the last 10,000 years—made this settled agricultural life possible. Fire let people clear land for crops (using much the same slash-and-burn methods threatening our rainforests today) and made digestible the cereals they planted. In these more permanent settlements, people eventually learned basic manufacturing skills, like firing pottery, baking bricks, and smelting metals—ways to make products that would last for societies that would last, at least as long as they had fuel.


Many of these early artisans turned to a fuel that would be an important bridge between wood and coal, and is akin to both of them: charcoal. Charcoal is wood that has already been partially burned. For thousands of years, charcoal was made by heaping wood into large piles, or partially burying it, and then burning it in a slow, oxygen-poor smolder that left behind almost pure carbon. The resulting charcoal burned hotter and cleaner than wood, but the process of making it wasted much of the wood’s original fuel content, putting an even greater strain on the forests.


As civilizations and nations grew, trees disappeared, depleted by competing demands for fuel, timber, and land for crops. All these needs drew down the same stores of plant-captured solar energy, and those stores invariably ran short. The size of our fires and our meals, our cities and our economies, and ultimately our populations, were all restricted by the limited ability of the plants within our reach to turn the sun’s light into a form of energy we could use.


In this world of tight energy constraints, coal offered select societies the power of millions of years of solar income that had been stored away in a solar savings account of unimaginable size. Coal would give them the power to change fundamental aspects of their relationship with nature, including their relationship with the sun, but it would offer that power at a price.


I HAVEN’T ALWAYS VIEWED coal with such fascination. In fact, until recently, I seldom thought about coal at all. Like most people in developed countries, I had no obvious reason to do so. I wasn’t mining it or buying it or burning it, and I hardly ever saw it used. As an environmental attorney for the state of Minnesota, I helped regulate some of the state’s coal-burning industries, so I was familiar with the many pollutants coal burning puts into the air. Still, I only vaguely understood coal’s sweeping impact on the global environment and on society. What really compelled me to look closely at coal was a case that focused my attention on one of the most profound environmental issues of our time: global warming.


Minnesota is a cold state; our winter temperatures are often the most frigid in the United States, outside Alaska. Lows of minus 50 degrees Fahrenheit are not unheard of in some northern counties. At this temperature, a bucket of water thrown into the air freezes before it hits the ground, bananas get so hard that you can pound nails with them (yes, this has been demonstrated), and exposed skin can freeze in mere seconds. This is not a place where the threat of a few degrees of global warming alarms the average shivering citizen, and, because Minnesota is about as far from an ocean as you can be in North America, forecasts of rising sea levels cause even less concern. Even though we didn’t necessarily think of ourselves as living on the front lines of global warming (a naive assumption, as it turned out), Minnesota wanted to have some idea of the larger environmental consequences of its energy decisions. So, a few years ago, the state began a legal proceeding that tried to quantify the impact of its electricity use on global warming. Most of Minnesota’s electricity, like that of the U.S. as a whole, comes from coal, so this meant trying to figure out what effect the emissions from our coal-burning power plants would have on the earth’s climate.


When the proceeding began, few realized what an exquisitely sensitive nerve it would touch. Representatives of the nation’s coal industry, including its most colorful and politically extreme wing, intervened in our hearing, helping to make the contentious administrative trial that followed one of the longest in state history. They brought in a phalanx of scientists who testified that Minnesota should ignore what the vast majority of their colleagues around the world were saying about climate change and argued instead that the climate was not changing except in small ways we were all going to enjoy. Minnesota temporarily found itself on the front lines of the larger national battle over climate change.


The industry’s aggressive response was fueled by its recognition that climate change threatens its very existence. Climate change is mainly caused by burning fossil fuels—namely, coal, oil, and natural gas—and of these fuels, coal creates the most greenhouse gases for the energy obtained. Today, the United States burns more coal than it ever has, almost all of it to make electricity.


ALTHOUGH MINNESOTA’S decisionmakers flatly rejected the industry’s notion that climate change would be limited to climate improvements, adopting instead the widely held consensus that climate change is a grave threat, we don’t yet know whether the proceeding will have any effect on state energy policy. The effect of the case on me personally, however, was dramatic. I was left not only deeply concerned about the changing climate but thoroughly intrigued by the lump of carbon at the center of the storm, this often-overlooked fuel that reveals so much about us and the world we’ve built. The more I dug, the more I could see that a deep, rich vein of coal runs through human history and underlies many of the hardest decisions our world now faces. Following that vein in the intervening years has taken me far afield—from paleobotany to labor issues, from ancient history to modern geopolitics, and from the massive state-of-the-art power plant a few miles from my home to a primitive little coal mine in Inner Mongolia. This book is the result of that journey.


I’M BY NO MEANS the first person moved to write about the enormous impact of this combustible rock. In the late nineteenth and early twentieth centuries, all kinds of people—engineers, plant scientists, businessmen, and theologians—were inspired to write books and articles for the general public in which they waxed poetic about the glories of coal. Even transcendentalist philosophers had something to say on the subject. In the mid-1800s, Ralph Waldo Emerson wrote this about coal:


Every basket is power and civilization. For coal is a portable climate. It carries the heat of the tropics to Labrador and the polar circle; and it is the means of transporting itself whithersoever it is wanted. Watt and Stephenson whispered in the ear of mankind their secret, that a half-ounce of coal will draw two tons a mile, and coal carries coal, by rail and by boat, to make Canada as warm as Calcutta; and with its comfort brings its industrial power.


This quote stands out not just for Emerson’s eerily apt choice of metaphor, but because it captures the world-changing essence of coal. It also reveals the nineteenth century’s appreciation of how coal was letting humanity transform nature’s cold, cruel world into one more comfortable, more civilized.


Coal was no mere fuel, and no mere article of commerce. It represented humanity’s triumph over nature—the foundation of civilization itself. As another writer flatly put it: “With Coal, we have light, strength, power, wealth, and civilization; without Coal we have darkness, weakness, poverty, and barbarism.”


The reverence many people felt toward coal was often tinged with defensiveness because they knew that others still looked down on the commonplace fuel. Combating this lingering disdain led to some inspired efforts to elevate coal culturally—to lift it not just to the position of a crucial commodity but to have it recognized as a crucial part of humanity’s destiny. In 1850, a popular weekly journal edited by Charles Dickens published a story by an anonymous author that reads like the “Christmas Carol of Carbon,” and reflects this effort most plainly.


In this story, a contemptuous youth named Flashley declares his deep disdain for smutty old coal and those who mine it. He is visited that night by a frightful being rising out of the ashes of his coal fire—a figure black and heavy, with a rough rocky skin and a voice that carries the echoes of a deep mine. This specter takes young Flashley on an emotional journey to the rank and hideous primeval forests where coal had its genesis, and to the terrifying depths of coal mines past and present where miners sacrificed their lives to supply the nation. Finally, Flashley comes to understand the true meaning of coal: that it was divinely placed on Earth so that, in the words of the coal-specter, “man may hereafter live, not merely a savage life, but one civilised and refined, with the sense of a soul within—of God in the world, and over it, and all around it—whereof comes man’s hope of a future life beyond his presence here. Thus upward, and thus onward ever.”


Coal, in short, would raise up not only our civilization but our very souls. Coal would let us control the external forces of nature, and control our own savage human nature, too. Coal was our species’ salvation. Vestiges of this attitude still exist today, though they are more likely to be expressed by the coal industry than by fiction writers.


Some took this view of coal a step further: They saw coal not just as evidence of God’s desire to elevate humanity but of His longstanding plan to have Anglo-Saxon Protestants do the elevating. Nineteenth-century British and American observers couldn’t help but notice that God had given most of the world’s coal to them, or so it seemed at the time. This particular distribution was obviously not just blind chance, an American wrote in an 1856 edition of the Christian Review, but a prophecy written long ago in solid rock by God Himself. “A race of men energetic and enterprising; fitted by their natural characteristics, by their mental and moral culture, and by their hold on the pure gospel of Jesus Christ, to be leaders in the onward march of humanity, have had thrust into their hands, unlooked for and unexpected, a treasure, which, if used aright, must secure to them a controlling influence on the affairs of the world.”


The belief in coal as a divine and civilizing force may help explain why some missionaries to China paid such close attention to its coal reserves; one missionary touring northern China in the late 1800s wrote in detail about the extent of each region’s coal, including its chemical composition. A few decades later, a British visitor predicted that every modern coal shaft sunk in China would “cause China’s rising sun to fling out one more shaft of enlightenment to pierce the mists of prejudice.” The backwardness of the Chinese people was largely due, he believed, to their failure to release the genie lying “bound and black and mighty beneath their miserable mortal feet.”


Of the various metaphors used to describe coal, that of the genie may be the most apt. To see coal purely as a gift from God overlooks the many dangerous strings attached to that gift. Similarly, to see it as just an environmental evil would be to overlook the undeniable good that accompanies that evil. Failing to recognize both sides of coal—the vast power and the exorbitant cost—misses the essential, heartbreaking drama of the story. Like a good genie, coal has granted many of our wishes, enriching most of us in developed nations beyond our wildest preindustrial dreams. But also like a genie, coal has an unpredictable and threatening side. And, although we’ve always known that, we are just beginning to realize how far-reaching that dark side is.


THIS BOOK BEGINS in Britain, the first nation to be thoroughly transformed by releasing the genie of coal. For centuries, Britain led the world in coal production, and largely as a result, it triggered the industrial revolution, became the most powerful force on the planet, and created an industrial society the likes of which the world had never seen.


We then move to the United States, where coal transformed a virtual wilderness into an industrial superpower with astonishing speed. In the process, coal became the nation’s most vilified industry and helped shape many features of the U.S. power structure, both figuratively and literally. Although it is increasingly under environmental attack, America’s coal industry today enjoys renewed political power and makes the climate change debate in the United States one of the liveliest in the world.


Finally, we travel to China, where coal has played a surprising role in that nation’s long and dramatic history. Today, as China is finally beginning to join the developed world, it has learned that the fuel it is depending on to get it there is threatening the fate of the planet, including China’s own particularly vulnerable piece of it.


We can never know where we might be if we had not taken the path paved with coal. We know the world would be altogether different. Probably, we would have urbanized, centralized, industrialized, and mechanized anyway, but decades or even centuries later, on a much smaller scale, and in different places and ways. Without coal, we would have languished longer in the poverty, tedium, and oppression of the preindustrial world, but we might have found a more gradual and humane path out of it than the one we took. Had we taken that different path, we might have less material wealth today, but we might not now be facing the most serious environmental threat we’ve ever known. Coal has always been both a creative and a destructive force. It is the tension between the two that makes the story of coal so compelling.
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The Best Stone in Britain


WHEN THE ROMANS INVADED BRITAIN, among the natural riches they found there were conspicuous outcrops of a velvety deep black mineral. It was declared the “best stone in Britain” by one Roman writer because it could easily be carved and polished into beautiful jewelry. In time, Britain became known for its exports of this prized material, and fashionable citizens back in Rome eagerly adorned themselves with it. Not only were the black trinkets they carved from it stylish, but they had the surprising and mysterious attribute of being flammable as well. They called this mineral gagate (a word that over the years changed to “jet,” as in “jet black”), which is actually a special form of dense coal. Because they weren’t good at telling the difference, though, it seems that many Romans were not wearing true jet but plain old coal—the same stuff that would much later be considered the best stone in Britain for entirely different reasons.


The Romans occupying Britain did more with coal than merely dress up with it; they began burning it, too. Soldiers burned coal in their forts, blacksmiths burned coal in their furnaces, and priests honored Minerva, the goddess of wisdom, by burning coal in the perpetual fire at her shrine in Bath. Coal’s use as a fuel was not widespread enough to be directly mentioned by Roman writers, but traces of it have been found at various Roman sites in Britain. There’s no evidence that anyone in Britain burned coal before the Romans arrived, with one exception. During the Bronze Age, early inhabitants of southern Wales used coal to cremate their dead. Perhaps these people saw coal as nothing more than a convenient way to reduce a body to ashes; but more likely they invested coal with some mystical properties suitable for escorting their deceased loved ones to another realm. There have been few points in history when people could resist attaching some larger meaning to this fuel.


After the Romans left England in the fifth century, the nation moved into a dark and largely unrecorded period of history. We can catch a glimmer of these dark ages from an English monk and scholar known as Saint Bede the Venerable, who in 731 A.D. wrote a history of England after the Roman era. As it happened, St. Bede lived in a monastery on the River Tyne in northeast England, a region blessed with the richest coal deposits in the country. Just downriver, the town of Newcastle sat on such ample and accessible coal reserves that it would later become the most important coal-producing region in the world, and a cliché for a place saturated with coal.


St. Bede suggests that the Roman practice of burning coal simply died out after the Romans left, even where the coal could be plucked most easily from the ground. Writing about the minerals of the region, he does mention the great abundance of jet. Like the Romans before him, St. Bede might have believed that all the coal deposits he saw were jet. This chronicler of his time makes no mention of anyone using this mineral as a fuel, but he notes that when the black stone was kindled, its smoke could be used to drive off serpents. So, by the 700s, if coal was burned at all in England, it was apparently not for its heat but for its protective smoke.


THE VAST SUPPLIES OF COAL that lay so undisturbed beneath St. Bede’s feet had been waiting there since long before the time of the dinosaurs. Before the Jurassic, before the Triassic, before the Permian, there was the Carboniferous period, a long stage of ancient earth history named after the coal that was then forming. For most of earth’s four and a half billion years, its land masses stood utterly barren while the story of life unfolded entirely within the sheltering seas. Only around 425 million years ago did plants begin clinging to the wet shores, and then slowly and tentatively they colonized the continents. By the Carboniferous period—from roughly 360 to 290 million years ago—there was no longer anything tentative about the presence of plants on land. Tangled jungles of remarkable lushness eventually swept across the landscape, hungrily drawing into their cells vast amounts of energy from the sun and carbon from the air.


During the late Carboniferous, the small bit of land that would become Newcastle was very close to the equator; suggested reconstructions of the era show Britain nuzzled up against the then-tropical Greenland and Newfoundland, the ocean formerly between them having closed up. Because tectonic forces had not yet done much lifting, the continents were lower and swampier than today. The region’s landscape, like that of most coal forests, would have been dominated by the bizarre lepidodendron. These huge trees could grow up to 175 feet tall, and they stood as a vivid demonstration of how far photosynthesis had taken those single-celled ocean dwellers that had accidentally discovered the process a few billion years earlier.


Most of the lepidodendron’s length was made up of a straight trunk, up to six feet in diameter at the base, covered with a beautiful lizard-skin bark that gave the tree its name (“lepid” meaning “scale” in Greek). At the top, the lepidodendron branched out into a few short arms bearing narrow leaves up to a yard long. Modern drawings of these plants invariably show these grass-like leaves only at the very top; but some scientists think the leaves might have grown along the entire length of the trunk, which would have given it the look of a massive shaggy green pole. Unlike modern trees, the lepidodendron’s interior was soft and pithy. As long as water was plentiful, the internal cells would stay expanded and keep the tree erect; without water, these proud giants of the paleoforest would have weakened, sagged, and finally collapsed under their own weight.


In Britain’s primal jungles there also thrived a related tree, the sigillaria, which might have looked even stranger to the modern eye. Some types of sigillaria had a long trunk forking once near the very top like a two-headed monster, each head crowned with a large spray of strap-like leaves. Other sigillaria were apparently short and stout, their unbranched trunks six feet in diameter at the base but only about eighteen feet tall. This tree was described in one old paleobotany text (a genre not known for colorful writing) as “grotesque,” and more “like a huge barrel than a full-fledged tree.” Ancient relatives of the modern horsetail also populated Britain’s jungles, probably reaching over sixty feet. And then there were the ferns, primitive and highly successful plants, botanically related to the ones you may have growing in a pot in your home—except they had trunks and were thirty feet high.


This ancient jungle also teemed with bugs, and, lacking much competition on land, many grew to mammoth proportions. Some cockroaches reached a foot in length, the dragonflies had wing-spans of up to thirty inches, and the millipedes reached six feet in length—“as long as a cow,” as David Attenborough has put it. Although these invertebrate specimens were certainly impressive, the real evolutionary headlines were being made by another line of creatures evolving on the forest floor: our back-boned ancestors, the amphibians. At the beginning of the Carboniferous, tiny newt-sized creatures not far evolved from fish slithered through the wet undergrowth; by the end of it, massive, fifteen-foot-long monsters were dragging their bellies through the primeval mud. We know this because they left both footprints and belly-prints. It was also during this lush time among the Carboniferous trees that some amphibians took the momentous step of forming hard-shelled eggs, thereby evolving into reptiles, from which would later evolve dinosaurs, birds, and mammals.


Many of the plants of the Carboniferous ended up as coal because they failed to decay the way plants usually do. Normally, when a plant dies, oxygen penetrates its cells and decomposes it (mainly into carbon dioxide and water). As the dense mass of Carboniferous plants died, though, they often fell into oxygen-poor water or mud, or were covered by other dead plants or sediments. Sometimes this burial process was part of a very slow minuet between the coastal forests and the seas. During the Carboniferous, glaciers periodically grew and then shrank in the far Southern Hemisphere, making the oceans rise and fall. As the glaciers melted, the rising seas would step forward and engulf the tropical forests in water and sediment; as the glaciers reformed, the seas would fall back and let the forests step forward again.


Because oxygen could not reach the buried plants and do its disassembly work, the plants only partly decayed, leaving behind black carbon. The spongy mass of carbon-rich plant material first became peat. After being squeezed and slow-cooked by the tremendous pressure and heat of geological forces, the peat eventually hardened into coal. And, of course, it wasn’t just the forest’s carbon that ended up trapped in the coal, but the energy it had accumulated from the sun over millions of years. Instead of dissipating with the plants’ decay, that energy was tucked away into the dark recesses of the earth, at least until the amphibians crawling across the forest floor evolved into creatures capable of digging it up.


THE ENGLISH WOULD IGNORE their abundant coal reserves for four centuries after the time of St. Bede. In the late 1100s, historians finally find references to coal as a fuel. The English didn’t call it “coal,” though, since that was the name they used for charcoal, a fuel that had by then been used for many centuries. What we call “coal,” the English knew as “sea coal,” a surprising label for such a deeply terrestrial product, and one that stuck until the 1600s. Why they called it sea coal is disputed. Some think it’s because the North Sea actually carved coal from exposed outcrops and yielded it up onto the beaches with the sand, where it was first gathered and used by the locals. The more common explanation, though, is that since most mined coal had to be shipped by sea to distant markets, it became inextricably linked to water in the minds of those who burned it.


It’s hardly surprising that the coal trade began in earnest along the River Tyne. Its hilly banks exposed portions of coal seams from the North Sea to twenty miles inland. Coal was found and mined in many parts of England during the 1200s, but the coal fields around Newcastle were by far the most important. The seams there were good and thick and, importantly, above the water line. This meant that the mines would stay dry, or could be kept dry with simple drainage tunnels. It also meant that the heavy coal could fairly easily be moved downhill to the river, where waiting boats could float it down the Tyne to the markets of eastern England and, in particular, to London.


Moving the coal from where it lies to where it’s needed is a problem that has plagued the coal trade from the beginning. Until the advent of railways, coal was either moved by water or not moved much at all. Once you got the coal to the water, though, the world opened up; shipping it the three hundred miles or so from Newcastle to London cost about the same as carrying it three or four miles overland. In this respect, conditions near Newcastle and in England generally were ideal. The navigable River Tyne lay right at the base of coal-laden hills, flowing, according to one eighteenth-century description, “with solemn majesty as if conscious of the wealth which loads its bosom.” Prospective coal customers could easily be reached by water too, since most of the population of this small island nation lived near the sea or along its many rivers. In other words, the link between “sea coal” and water was by no means superficial: The miner working to keep the mines drained may have seen water as the enemy, but England’s broad use of coal was possible only because the nation had plenty of water to float the coal to market.


AS FATE WOULD HAVE IT, most of the coal along the Tyne was held by what was then the most powerful institution in the world, the Roman Catholic Church. The church controlled a great deal of property all over England, and an even greater share of its coal-bearing lands. Around Newcastle, the church owned most of the seams that would someday provide nearly half of Great Britain’s entire output. The actual digging and hauling was done by the serfs of the ecclesiastic estates. In these feudal times, whether it was an aristocrat or a church official holding the property, an estate was still supported by the labor of its serfs. So it was that the first English coal miners would have been virtual slaves, digging coal when they were not plowing fields; the proprietors of what would become the world’s most important coal mines were bishops and priors, monks and nuns, who lived along the River Tyne.


Of course, neither the serfs nor the bishops knew exactly what they were digging up. Since coal was being found so close to the surface, many considered it a form of living vegetation. Some even suggested that applying manure to the coal would help it grow.


Legally, estate holders were free to dig up whatever coal was located on their land without concern that the crown would lay claim to it. This was not true across the channel, where European monarchs often claimed minerals found on private land. In England though, under the Forest Charter, signed in 1217 just after the Magna Carta, the crown had already yielded to estate holders the ownership of whatever wood or peat was on their land, and coal fell into that same category. Although the crown still claimed ownership of precious metals found on any land in the realm, this humble and possibly manure-smeared fuel was beneath its notice.


Before long, Newcastle’s coal trade was inspiring a class struggle between the church and a group of would-be middlemen. Town-based merchants, mainly former serfs who had been able to earn enough to buy their freedom, tried to seize control of the coal emerging from the nearby mines—owned by the bishop of Durham and the prior of Tynemouth—so they could skim off a share of the profits. The first known act of violence associated with the coal trade was a clash between the merchants and one of these ecclesiastics.


According to court records from 1268, an armed band of town burgesses led by the mayor went to the property of the prior of Tynemouth, burned down his mills, roughed up his monks, and stole from his wharf a ship “laden with sea coal.” The town merchants pled in their defense that if the monks traded coal without going through the merchants, not only would they lose their cut, but the king’s tax on coal could not be collected. The merchants won, and the prior was forced to tear down his wharf. Church officials in Newcastle and the rising merchant class would wrestle over control of the coal trade for centuries to come, though usually with less violence.


WHEN THE CHURCH and local merchants battled over coal profits in the 1200s, they were fighting over scraps. The coal trade was insignificant, and it would be until the latter half of the 1500s, simply because coal use was not widespread. One of the main reasons so few people burned it was undeniably its smoke, the smell of which the English found disgusting and unhealthy. When Queen Eleanor was visiting Nottingham in 1257, she fled the town because she could not abide the smell of coal smoke and feared for her health.


The smoke that so troubled Queen Eleanor was probably from coal being burned by blacksmiths, or by lime burners making mortar used to repair Nottingham castle. Coal was not being burned in the homes of Nottingham in the thirteenth century because the smell of coal was so thoroughly despised that it was not used domestically. Indeed, most of the coal burned at the time, found close to the surface, was particularly smoky. While the Norman castles and great manors had chimneys to draw the smoke outside, it would be another couple of centuries before this luxury was found in the small houses of ordinary people. The common person’s fire sat on a raised stone hearth in the center of the room, away from the wooden walls. The smoke would simply fill the room until it escaped through gaps in the walls or roof. From the standpoint of indoor air quality, most of the English had not advanced much beyond the conditions endured by Homo erectus, who, hundreds of thousands of years earlier, had huddled over wood fires inside large huts made of sticks.


Beginning in 1285, during the reign of Edward I, various commissions were set up in London to address the problem of coal smoke, which complainants said had “infected and corrupted” the air. By the summer of 1306, enough coal was being burned by blacksmiths, brewers, and others who needed substantial fuel that there was something of a general revolt against it leading to the ban of its use. Despite new laws threatening steep fines and the destruction of furnaces, coal burning continued to be a problem. Some sources claim that a violator of the coal ban was hanged, tortured, or decapitated (depending on the source), but there’s no solid evidence to show that anyone was ever executed for burning coal, and other scholars consider it unlikely. Although enforcement efforts may have dampened coal burning for a while, within a few years, lime-burners and smiths were once again perfuming the air of London with the acrid and pungent scent of burning coal.


The reason for London’s rising coal use was simple: The population of the city, and of Britain generally, had been increasing, and the forests were disappearing as a result. Forests near cities were lost first; they were burned for firewood, cut for timber, or cleared for crops and livestock. As supplies of energy from the living forests became more expensive, the demand for energy from the buried ones rose proportionately. The coal sellers, watching cities expand and forests shrink, may well have assumed that their industry was in for a long period of growth. As it happened, though, this particular energy problem would be solved not by coal but by a population crash caused by one of the greatest catastrophes in human history.


THE BUBONIC PLAGUE arrived in Europe on a trading vessel that put into a Sicilian harbor in October 1347. The Black Death was already devastating the populations of China, India, and the Middle East; in its first European onslaught, lasting until 1351, it would kill roughly one in three Europeans, or some 25 million people. Some scholars speculate that it was particularly deadly because the population had already been weakened by years of unstable climate, bad harvests, and famine. At the time, most saw the plague as evidence of the wrath of God; though after careful consideration, the medical faculty at the prestigious University of Paris determined that it was caused by an unusual alignment of the planets that had occurred on March 20, 1345.


In England, the plague would break out again at least three more times before 1400, and the population would continue to drop due to disease and other causes until around 1500. By that time, only about 3 million people lived in England, about half as many as had lived there before the plague. As abandoned farms reverted to forests large enough to support the depleted population, the coal trade slumped.


Those trying to sell coal could not have been helped by their product’s resemblance to one of the most unique and grisly symptoms of the Black Death: the buboes, or black swellings of the lymph nodes. One Welsh witness to the plague described the eruption of the buboes as looking like “broken fragments of brittle sea-coal,” and described the pain as “seething like a burning cinder.” This is not the only time skin inflammations had reminded people of coals. Already the term carbuncle had appeared in English, derived from the Latin term for small coal or charcoal. Much later, another disease characterized by ulcerating nodules would be named after the Greek word for coals: anthrax.


These grim associations came on top of medieval society’s longstanding belief that foul-smelling air in general had a sinister effect on health, perhaps one reason the English so quickly decided that coal smoke was a threat. The same Welsh writer who likened the bubonic swellings to fragments of coal wrote, in typical medieval imagery, of “death coming into our midst like black smoke.” People were especially troubled by the smell of sulfur detectable in the coal smoke because they believed that sulfur—commonly known as brimstone—characterized the atmosphere of the demonic underworld. In short, in the Middle Ages coal had quite an image problem, associated as it was with disease, death, and the devil.


COAL’S SINISTER IMAGE persisted even though the richest coal mines, like much of the land in England, were still owned by the Roman Catholic Church. By 1500, though, the church was starting to have a harder time getting to the coal. The coal that could be easily extracted through quarrying or from shallow mines was dwindling. Getting at the deeper coal meant more ambitious and expensive tunneling, and importantly, building the costly means needed to keep the tunnels free of ground water when the mines pushed below the water table.


Making such a major investment would take an act of faith in the future of coal, but this was not the sort of faith the church officials specialized in, and they resisted. In fact, they generally didn’t do the mining themselves; instead, they leased the mines to others willing to manage them. The leases were so short, though, that no tenant had an incentive to make the investments needed to expand the mines. It has been suggested that if the mines had stayed primarily in the church’s hands, the industry would never have been able to meet the huge rise in demand that was to come. We will never know, though, because in 1527 King Henry VIII decided to end his marriage to Catherine of Aragon, whom he blamed for failing to produce a male heir; this decision changed much in England, including the coal industry.


Upon the pope’s refusal to grant Henry an annulment, Henry made his famous break with Rome. Among the many consequences of this momentous step was that it led to one of the greatest property shifts in English history. The church owned at that time perhaps a fifth of the nation’s land and wealth, and it had an income nearly three times that of the crown—a dangerous position to be in when the king is desperate for money and when anticlerical feelings are running high. About half of the church’s wealth was in the hands of the eight hundred or so religious houses, and before long Henry simply took it away; between 1536 and 1539 he dissolved the nation’s monasteries, with the aid of Parliament, and confiscated their property. Many of the richest coal mines in England suddenly became the property of the crown, and through the land sales that followed, the property of the growing class of merchants and gentry eager to find ways to profit from them.


Around Newcastle, the town merchants had essentially won their three-century battle with the church over control of the coal mines. The mines belonging to the prior of Tynemouth, the subject of the 1268 clash between the monks and the merchants, were now owned by the merchants. The bishop of Durham maintained control of his vast holdings a few years longer, but those would eventually be put into the merchants’ hands by Henry’s daughter, Queen Elizabeth I. The Newcastle merchants, finally in control of the region’s coal production, were now in a position to expand the mines aggressively.


WHEN ELIZABETH I ASCENDED to the throne in 1558, England was still held in some scorn by its larger, more powerful, and more sophisticated neighbors. England’s trade relations with Europe, still semicolonial, were based largely on the nation’s export of unfinished wool cloth and raw materials. England still had only a small presence on the seas, and lagged far behind most of its neighbors in science, technology, and urbanization. All in all, there was little to suggest that England was moving into what many would look back upon as its golden age, and the beginning of its rise to preeminence in world affairs.


England’s population and economy, like those of most of Europe, were still on the rise from the lows that followed the plague. The life of the English peasant was improving, albeit slowly; in 1577, one writer notes that the homes of the poor now increasingly held little comforts such as pillows, which replaced the “good round log” they had previously rested their heads on. However, there was a serious threat to that economic growth—the trees on this small island nation were once again disappearing. England’s wool industry had become so lucrative that more and more landowners were cutting down the native woodlands to make the lovely green pastures that today seem so natural to the English landscape. Also, the iron industry was gulping down huge amounts of charcoal, using up the forests wherever the ironworks were located.


During Elizabeth’s reign, dozens of commissions were sent out by the central government to investigate the wood shortage around the nation, and each one confirmed the serious decline of the forests. Contemporary writers were alarmed about this loss of England’s woods, and they wrote of huge forests that had been “greatly decayed and spoiled.” This destruction meant not only a fuel shortage, which in itself threatened everyone’s domestic comfort and the functioning of nearly every industry; it also meant a shortage of the most important building material of the time. Wood was used to construct just about everything, including homes, furniture, carts, tools, containers, and, of course, ships. The navy considered the wood shortage a national security threat. So laws were passed limiting the taking of wood, and penalties for stealing wood became more severe. In rural Essex, those caught “hedgestealing” were to “be whipped till they bleed well.”


The fuel shortage was felt most keenly in the cities, particularly in London. The population of England as a whole was growing, but London’s was growing even faster. Of course, as the city grew and as the nearby counties were deforested, wood had to be hauled in from increasingly distant locations. The wood fuel was mainly used for home heating and cooking, but most industrial processes still depended on wood, too. The London breweries alone, according to one calculation, burned 20,000 wagon loads of wood each year. As the shortage became more severe, the price of wood rose far faster than inflation, and the poor, for whom fuel was already a major expense, were under increasing strain.


This was a particularly hard time for London residents to be unable to heat their homes. Europe had by this time entered into its so-called Little Ice Age, a period that would last through the 1700s. On average, this was the coldest period since the last ice sheets had left the Northern Hemisphere; the region’s climate was characterized by longer, harsher winters and the occasional freezing over of the River Thames. During the winter of 1564–1565, Queen Elizabeth is said to have taken a daily stroll on the frozen river. In the winter of 1607–1608, Londoners set up the first ice fair on the Thames. Booths sold food and drink, and people enjoyed entertainments such as dancing and bowling. There were a few more such fairs over the next two hundred years, and they grew increasingly elaborate.


If the fuel shortage of the 1500s had continued to deepen, it would eventually have slowed not just the economic growth but also the population growth of London. Like that of most cities of the time, London’s birth rate couldn’t keep up with its death rate; this was due in part to the periodic outbreaks of the plague, smallpox, and typhus, to which the crowded urban poor were most vulnerable. The city’s growth depended on attracting fresh new residents from the countryside at a pace faster than they were burying the dead in the urban churchyards. It is hard to imagine that flow of eager immigrants continuing despite a sustained fuel shortage that would have choked the economy and made urban life even more difficult than it usually was. Eventually, life in London would have become unbearable, and people would have chosen to stay in the countryside, closer to the forests, where at least they could have afforded to heat their homes and bake their bread. Later, as the forests continued to shrink, the fuel shortage might have slowed the population growth of the entire nation. Demographic studies show that in preindustrial England, tough economic times caused people to marry later, lowering birthrates.


But the energy crisis never got that severe for one reason: coal. Domestic coal use surged in the 1570s, and before the end of Elizabeth’s reign, in 1603, coal had become the main source of fuel for the nation, though not without complaint. The rich in London tried to avoid using coal, still despised for its smoke, as long as they could. It was said in 1630 that thirty years earlier “the nice dames of London would not come into any house or room when sea coals were burned, nor willingly eat of the meat that was either sod or roasted with sea coal fire.” Within a few years, though, the nice dames and the nice gents had succumbed. By the second decade of the 1600s, coal was widely used in the homes of the rich as well as of the poor.


By 1600, London’s population had reached 200,000, nearly twice that of fifty years earlier, and it was still picking up speed. (By 1750, London would be the largest city in Europe.) The size of the city allowed for increasing professional specialization prompting the development of commercial, financial, legal, and educational institutions and the cultural flowering for which the Elizabethan age is known. London traders drew England more deeply into the rest of the world; eventually they dominated the international cloth trade and grew rich from the emerging trade with America. Before long, England had evolved beyond its semicolonial status into a world commercial power.


THE PEOPLE OF LONDON could never have brought coal into their hearths and homes without the spread, some years earlier, of that little luxury formerly enjoyed only by the upper classes, the chimney. Even in modest English homes, chimneys had become common by the mid-1500s. Some lamented this development, because they credited the wood smoke that had filled homes in earlier years with both hardening the timbers and protecting the health of the inhabitants. Nonetheless, chimney construction and use spread, enabling people to switch from wood to coal when wood became scarce. The fireplaces and chimneys had to be made much narrower for coal fires than they had been for wood fires to provide the proper draw of air (an architectural change that would promote the employment of very young children as chimney sweeps). The widespread use of chimneys did more than just improve indoor air quality; it forced the energy in the coal to part ways from the attendant pollution—the warmth was channeled into the home and the smoke was sent away to be suffered by the world at large.


It was not long before Londoners’ tolerance of coal smoke was once again tested, as more and more home fires were pouring smoke into the city air. In 1578, it was reported that Elizabeth I was “greatly grieved and annoyed with the taste and smoke of sea-coales.” In 1603, Hugh Platt, the son of a wealthy London brewer, tried to help the city out with a book titled A new, cheape, and delicate Fire of Cole-balles, wherein Seacole is by mixture of other combustible bodies both sweetened and multiplied. (Platt was already famous at this time for authoring a tract on preserving women’s beauty.) In Cole-balles, he noted that coal smoke was already damaging the buildings and plants of London, and he does not treat the problem as a particularly new one. His patented technique, based on practices he had witnessed on the Continent, involved making briquettes of coal and soil, which he thought, inexplicably, would make the smoke less problematic.


When Londoners began burning more and more coal during the 1600s, and as the city grew larger, its air quality continued to deteriorate. The problem is described in vivid detail in a book called Fumifugium (from the Latin fumo ‘smoke’ and fugo ‘to chase away’). Fumifugium was written in 1661 by the noted English writer and minor government official, John Evelyn. Among Evelyn’s many interests (art, architecture, horticulture, and politics) was the air quality of London, which he perceived to be much worse than that of other cities in Europe. Thanks to the coal smoke belching forth from various sources, he observed that “the City of London resembles the face rather of Mount Aetna, the Court of Vulcan, Stromboli, or the Suburbs of Hell, than an Assembly of Rational Creatures, and the Imperial seat of our incomparable Monarch.” Timothy Nourse, a writer who published an essay on the subject of London’s air in 1700, held the same view; despite the considerable charms and glories of London, the thick coal smoke that filled the air meant that “of all the Cities perhaps in Europe, there is not a more nasty and a more unpleasant Place.”


Of course, we don’t know how polluted the city’s air actually was, but some anecdotal evidence is telling. Evelyn describes how the sun was hardly able to penetrate the coal smoke, and how a traveler could smell it miles from London, long before the city was visible. He observed that the smoke left a “sooty Crust or Furr” upon all that it touched, “corroding the very Iron-bars and hardest Stones with those piercing and acrimonious Spirits which accompany its Sulphure.” Nourse was also alarmed by the damage the smoke did to buildings; indeed, it left the oldest buildings “peel’d and fley’d as I may say to the very Bones by this hellish and subterraneous Fume.”


The material damage was not confined to the outdoors. Evelyn reported that soot penetrated every room, “insinuating itself into our very secret Cabinets, and most precious Repositories,” and leaving “black and smutty Atomes” upon everything. Furniture, bedding, and particularly wall-hangings were greatly damaged by the smoke. Because tapestries were destroyed in a few years, “losing their Beauty, and stinking richly into the Bargain,” wrote Nourse, wainscoting came into fashion to line the walls instead.


Clothing, too, suffered from coal smoke and soot, requiring frequent cleaning. This not only compounded the already considerable hygiene problems of the city but further increased the distinction between the rich and the not-so-rich. Nourse was particularly concerned over the plight of people of rank but not of fortune because they were going broke trying to wash away the smells and stains of the polluted city air. “In a word, ’tis impossible for any Man to live sweet and clean, to appear polite and well-adjusted amidst so many inevitable inconveniencies, without a vast Expence, which whilst some of more ample Fortunes may bear with; Others (and they too many) of straiter Circumstances, no less ambitious to make a Figure in the World, according to their Birth and Quality, fall into Ruine by living beyond themselves, that they may live in the Company of those of their own Degree and Rank.”


It was particularly a problem to be caught in the rain, which washed the soot out of the air and left black spots on whatever it touched. (It is not surprising that Londoners took to carrying defensive black umbrellas in the 1700s.) The soot was then left in a black layer upon the city’s notoriously dirty streets, where it would accumulate until it dried and blew about again. Nourse complained about these clouds of coal dust on the streets, writing that “when Men think to take the sweet Air, they Suck into their Lungs this Sulphurous Stinking Powder, strong enough to provoke Sneezing in one fall’n into an Apoplexy.” Later, the soot would be washed into the Thames, where, according to Evelyn, it left a visible coating on the bodies of swimmers, even miles from the city.


The impact of the pollution on plant life was evident early on. One of the reasons Platt promoted his Cole-balles recipe in 1603 was to reduce the damage to gardens. In 1661, Evelyn wrote that the smoke killed bees and flowers, and that many kinds of flowers could no longer be grown in London. As for fruit trees, “those few wretched fruits” that grew in the city had a “bitter and ungrateful” taste and never fully ripened. By 1700, a book called City Gardener had been written; it listed the types of plants thought hardy enough to survive coal smoke “so that everybody in London or other cities where coal was burnt might delight themselves in the pleasures of gardening.”


EVELYN HAD NO DOUBT that the pollution he railed against was doing harm to the health of Londoners. He blamed coal for Londoners’ blackened expectorations, and for the incessant “Coughing and Snuffing” and “the Barking and the Spitting” in the churches. When his musical friends came to London from the countryside, they complained that they lost three notes in the range of their voices. Evelyn described how visitors to the city commonly suffered a variety of physical symptoms that cleared up again as soon as they left. Overall, he believed that coughs, consumptions, and other lung ailments “rage more in this one City, than in the whole Earth besides.”


Moreover, both Evelyn and Nourse had no doubt that coal smoke was killing people. Evelyn wrote that soot produced consumptions that killed “multitudes,” and asserted that almost half of all those who died in London died of certain lung disorders. Nourse was particularly concerned about the effect on babies, writing that “from this stinking and smoaky Air it is probably, that young Infants are hardly to be bred up in London; For their new-born Bodies, like tender Plants, or Blossoms, are soon blasted by the Sulphureous Exhalation.”


Just because these writers believed that coal smoke was so deadly does not prove much, of course. They also believed that illnesses were spread by “miasmas,” or bad-smelling emanations that spread through the air. This miasmatic theory of disease held sway for centuries; not until Louis Pasteur’s experiments in the late 1800s would the germ theory of disease be fully accepted. Although the miasmatic theory might have predisposed people to blame coal smoke for their illnesses, attitudes were actually more complex. The miasmas people most feared at this point were related to putrid plant and animal matter, not smoke, which is why some of the English credited the wood smoke that filled their homes before chimneys with keeping them healthy.


One school of thought held that coal smoke, too, could prevent the influx of the more dangerous, disease-causing miasmas, and particularly the plague. Evelyn went out of his way in Fumifugium to dispute the optimistic view that smoke protected against the plague; he pointed out that London suffered from the worst air in Europe as well as from a heavy plague mortality. Evelyn claimed in 1661 that the view that coal smoke prevented infections had lost favor among the College of Physicians. Only four years later, though, as the bubonic plague swept again through London, the College of Physicians published a pamphlet recommending that the infectious air be corrected by burning coal, to which might be added any of a list of more fragrant combustibles such as cedar and spices. (The college also recommended the frequent discharging of guns to purify the air.) To the extent that the smoke may have driven away the infected fleas, it could indeed have played a role in reducing the spread of the plague. On the other hand, by weakening Londoners, the polluted air may have made them more vulnerable to the plague and other infectious diseases.


Even today, estimating the effect of coal smoke on public health is difficult. Estimates are largely based on sophisticated analyses of detailed death and illness statistics. Seventeenth century Londoners were a long way from being able to perform such statistical analyses, and yet they were taking important first steps in that direction. As it happened, just as Evelyn was publishing Fumifugium in 1661, a man whom many would later consider the founder of statistics was conducting the first methodical analysis of London’s mortality records.


The man was John Graunt, an obscure London draper. London had kept death records since the 1500s, mainly to let the rich know when the plague was raging so that they could flee the city. The records were compiled by “ancient matrons” called Searchers, whose unpleasant job it was to inspect all the corpses of the city, make inquiries, and determine the cause of death. Graunt decided the data could be more useful if it was reduced to tables and analyzed. His resulting observations, published in 1662, so impressed Charles II that he recommended Graunt’s election to the prestigious and newly formed Royal Society, adding that “if they found any more such tradesmen, they should be sure to admit them all without further ado.”


Some of the Searchers’ categorizations are quaint, and others just mysterious. Deaths are listed under causes such as Affrighted, Grief, Itch, Piles, Planet, Rising of the Lights, and an ailment known simply as Mother. Still, Graunt’s analysis is informative. It confirms that infant and childhood mortality was appallingly high, and that perhaps a third of London’s deaths were children under four or five years old. It also shows the prevalence of lung-related deaths, which was the largest category and amounted to between a fifth and a quarter of all deaths. Given what we know today, we can assume that many of those deaths were greatly hastened by the cloud of smoke in which these people lived.


Graunt’s own views on coal smoke were somewhat ambivalent. He saw smoke as the chief reason why London’s death rates were higher than those in the countryside, and higher than those in years past. He also wrote that while seasoned residents lived nearly as long in London as elsewhere, “yet new-comers, and Children do not, for the Smoaks, Stinks, and close Air are less healthfull then that of the Country; otherwise why do sickly Persons remove to the Country Air?” On the other hand, like others, he credited coal smoke for holding back the influx of miasmatic, disease-causing airs.


None of Graunt’s conclusions would today hold up in court (where, indeed, most such statistical analyses eventually end up when special interest groups challenge regulations based on epidemiological evidence). Still, his work represents a fascinating first step in the slow and groping process of trying to understand the impact of coal burning on ourselves and on our surroundings. It was a foundation on which others could build as they analyzed the effects of the even greater levels of air pollution that were to come with the industrial revolution.


A CLEARER UNDERSTANDING of what coal was doing to Londoners and their city in the seventeenth century probably would not have made much difference in the choices they made as individuals. Coal’s pollution may have been killing them slowly, but a lack of heat would have killed them quickly. It’s been estimated that a poor family in London had to spend at least a tenth of its meager income on coal, and possibly much more, and this was when coal supplies were steady and prices low. This would buy enough fuel to keep a small fire burning in one room for part of the day during the coldest months—in other words, enough to stay alive but not enough to stay comfortable. To enjoy the same warmth from firewood, they would have had to spend perhaps from two to five times as much, and the rising demand would have sent prices even higher. Living as close to the margin as they did, coal was the obvious choice.


By the mid-1600s, Londoners did not merely welcome coal into their homes, they were desperate to have it. More than once it was feared that the populace was actually on the brink of violent revolt when war cut off the coal supply. During these “fuel famines,” as they were known, the formerly moribund gardens of London thrived in the suddenly clean air, to the astonishment of their owners. At the same time, the complaints of the poor were “great and unspeakable,” and many of them reportedly died from lack of fuel. When coal came back to the city, Londoners snapped it up, willing to watch the city’s gardens wither again as long as they could keep their home fires burning.
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